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Economia de la salud, una disciplina necesaria
en nutricion clinica

Health economics, a necessary discipline in clinical nutrition

La desnutricion relacionada con la enfermedad (DRE) constituye un verdadero reto para los sistemas sanita-
rios (1). Ello se debe a la elevada prevalencia que exhibe en los hospitales, a su impacto sobre el curso clinico de
la enfermedad y la recuperacion de los pacientes, asi como a los elevados costes econdmicos que genera (1,2).

El estudio PREDyCES (2) caracterizo la prevalencia de DRE en nuestros hospitales y puso de manifiesto su
notable impacto en el coste sanitario del proceso, siendo el escenario mas desfavorable aquel en el que esta
afecta a un paciente inicialmente normonutrido. El paciente quirdirgico no constituye una excepcion, ni en términos
de prevalencia, que establecio en el 17 % el estudio PREDyCES, pero que puede llegar al 65 % en los casos de
cirugia del tracto digestivo superior, ni en términos econémicos.

En las ultimas décadas el gasto sanitario viene creciendo de forma progresiva (3), circunstancia que podria
sustentarse en el aumento de la demanda sanitaria y el incremento de los costes de 10s elementos que conforman
la oferta de procedimientos (4).

Actualmente, nos encontramos en un momento especialmente sensible en lo que a gasto sanitario se refiere.
La pandemia de COVID-19 vapuled, y contintia sacudiendo, terriblemente la estructura social, el modelo econd-
mico de nuestro pais e indudablemente, las instituciones sanitarias. La elevada demanda asistencial generada
en las distintas olas sufridas se ha traducido en un incremento notable de los costes sanitarios, siendo quizas
mas necesario que nunca que los profesionales sanitarios tomemos consciencia de la relevancia de incorporar a
nuestras habilidades conceptos basicos, y no tan basicos, relacionados con la economia de la salud.

La economia de la salud se erige, por tanto, como una herramienta imprescindible para el adecuado andlisis
estratégico en materia de gestion de costes y asignacion de recursos, tratando de ofrecer el mayor grado de
bienestar posible a partir de los recursos disponibles (5). En los tltimos afios, los estudios de andlisis de costes
en el campo de la nutricion clinica estan adquiriendo una importancia creciente, como demuestra la curva de
la tasa de publicaciones de los Ultimos 20 afios en bases de datos especializadas en ciencias de la salud como
es el caso de PubMed.

En este nimero de Nutricion Hospitalaria se incluye la publicacion de un estudio observacional y prospectivo
centrado en pacientes quirtrgicos ingresados en el servicio de Cirugia Vascular de un hospital universitario de
caracter terciario de nuestro pais (6). Aunque el tamafio muestral no es elevado y solo utilizan una herramienta
de cribado para la valoracion nutricional, tiene interés al analizar los costes derivados de la DRE en dos escena-
rios clinicos bien definidos: el paciente que ingresa en situacion de alto riesgo nutricional y aquel cuyo estado
nutricional empeora durante la hospitalizacion. En este Ultimo grupo se observd un incremento estadisticamente
significativo en las complicaciones hospitalarias, asi como de todas las variables analizadas relacionadas con los
costes (gasto antibidtico, farmacéutico y hospitalario total).

Resultados como estos nos brindan la oportunidad de identificar aquellos factores que favorecen el desarrollo
o0 perpettian la DRE en nuestros hospitales y, a partir de ellos, proponer acciones destinadas a mejorar la calidad
del proceso integral de atencion nutricional. Los puntos mas importantes serian: implicar a los equipos directivos

©Copyright 2021 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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en la lucha contra la DRE, proporcionar a los equipos sanitarios una formacion continuada de calidad en nutricion
clinica, implementar herramientas de cribado nutricional universales al ingreso, desarrollar protocolos de diag-
nostico y tratamiento nutricional, asi como mejorar la coordinacion entre profesionales sanitarios, estandarizar un
plan de monitorizacion y, finalmente, registrar adecuadamente la DRE, asi como los procedimientos realizados
que permita su correcta codificacion y asignacion de costes.

Samara Palma Milla
Unidad de Nutricion Clinica y Dietética. Hospital Universitario La Paz. Universidad Auténoma de Madrid.
Grupo de Investigacion en Nutricion y Alimentos Funcionales. Instituto de Investigacion Sanitaria IdiPAZ. Madrid
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Factors associated with enteral nutrition and the incidence of gastrointestinal disorders

in a cohort of critically ill adults
Factores asociados con la nutricion enteral y la incidencia de trastornos gastrointestinales
en una cohorte de enfermos criticos adultos
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Abstract

Introduction: adults in intensive care commonly receive enteral nutrition (EN). Data describing the conditions associated with EN in critically ill
patients are limited.

Objective: to describe the incidence of gastrointestinal disorders and to identify conditions associated with the use of EN.

Methods: a prospective cohort, single-center study of critically ill adults. The patients were followed daily for the first 10 days of hospitalization in the
intensive care unit (ICU) or until ICU discharge or death. Clinical, nutritional variables and gastrointestinal disorders were compared between patients
who did and did not receive EN. Univariate and multivariate regression identified the conditions associated with EN with the proposed variables.

Keywords: Results: of the 157 included adults, 62 % received EN. The EN group had higher APACHE Il (23.6 + 7.6 vs. 15 + 7.2, p < 0.001) and SOFA
Critical care. scores on the day of ICU admission [7 (5-10.5) vs. 4 (2-6); p < 0.001], and higher ICU mortality (32 % vs. 10 %, p = 0.002). Diarrhea and need
Enteral nutrition. for gastric decompression were more frequent in the EN group (39.7 % vs. 11.7 %, p < 0.001 and 34 % vs. 13.3 %, p = 0.004, respectively).
Gastrointestinal The multivariate analysis showed that neurological deficit (OR: 16.7 [95 % Cl: 5.9-46.9]; p < 0.001), previous enteral tube feeding (OR: 45.1
gOt't“tYAt il [95 % CI: 5.3-380]; p < 0.001), and SOFA score on the day of ICU admission (OR: 1.2 [95 % ClI: 1.01-1.3]; p = 0.03) were associated with EN.
astrointestina
intubation. Conclusions: conditions related to the severity of critically ill patients, such as higher SOFA scores, greater neurological deficit, and prior
Risk factors. enteral tube feeding, were more commonly associated with EN. Diarrhea and need for gastric decompression were more frequent in patients
Complications. who received EN.
Resumen

Introduccidn: los adultos en cuidados intensivos comunmente reciben nutricion enteral (NE). Los datos que describen las condiciones asociadas
con la NE en pacientes criticos son limitados.

Objetivo: describir la incidencia de trastornos gastrointestinales e identificar las condiciones asociadas con el uso de la NE.

Métodos: estudio prospectivo de cohortes en un solo centro, de adultos en estado critico. Se monitored a los pacientes diariamente en los
primeros 10 dias de hospitalizacion en la unidad de cuidados intensivos (UCI) o hasta el alta o la muerte en la UCI. Se compararon las variables
y los trastornos gastrointestinales entre los pacientes que recibieron y no recibieron NE. La regresion univariada y multivariada identifico las
condiciones asociadas con la NE con las variables propuestas.

Resultados: de los 157 adultos incluidos, el 62 % recibieron NE. EI grupo con NE tuvo puntuaciones APACHE Il (23,6 + 7,6 frente a 15 + 7,2;

Palabras clave: p < 0,001) y SOFA més altas en el dia de la admision en la UCI [7 (5-10,5) frente a 4 (2-6); p < 0,001] y mayor mortalidad en la UCI (32 %

Cuidados vs. 10 %, p = 0,002). La diarrea y la necesidad de descompresion gastrica fueron mas frecuentes en el grupo con NE (39,7 % vs. 11,7 %;
criticos. Nutricion p < 0,001y34 % vs. 13,3 %, p = 0,004, respectivamente). El andlisis multivariado mostro que el déficit neuroldgico (OR: 16,7 [IC 95 %: 5,9-
enteral. Motilidad 46,9]; p < 0,001), la alimentacion anterior por sonda enteral (OR: 45,1 [IC 95 %: 5,3-380]; p < 0,001) y la puntuacion SOFA en el dia de la
lg?isgmf?tles“”a‘- admision en la UCI (OR: 1,2 [IC 95 %: 1,01-1,3]; p = 0,03) presentaban asociacion con la NE.

;agtrifn'?gsﬁna‘, Conclusion: las condiciones relacionadas con la gravedad de los pacientes criticos, como las puntuaciones SOFA més altas, el mayor déficit
Factores de riesgo. neuroldgico y la alimentacion anterior por sonda enteral, se asociaron mas con la NE. La diarrea y la necesidad de descompresion gastrica fueron
Complicaciones. mas frecuentes en los pacientes que recibieron NE.
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INTRODUCTION

In Europe, 27.9 % to 34.4 % of the patients admitted to general
hospitals receive enteral nutrition (EN) therapy (1). A multicenter
survey on the prevalence of hospital malnutrition found that only
5.6 % of patients receive EN in Latin America (2). A French study
evaluating macronutrients delivered in an intensive care setting
found that up to 78 % of its sample of 51 patients received EN
(3). A 2008 Brazilian study of 907 elderly patients in intensive care
found that 40 % received EN (4). In a study on the prevalence
of drug-enteral nutrition interaction in a Brazilian intensive care
unit (ICU), Reis et al. (5) found that 29 % of hospitalized patients
received EN. A previous study by our group (6) found that the
majority of ICU patients (59 %) did not receive EN. In fact, there
have been no recent censuses on the subject, and consistent
data about the number of critically ill patients who receive EN are
unavailable, especially in Brazil.

Moreover, little is known about the conditions that facilitate or
hinder the use of EN, i.e., that determine whether this therapy is
fitting for some patients but not others. Some authors have tried to
explain this. Patel et al. (7), in a phase-3 single-center pilot clinical
trial, enrolled 31 patients who were on mechanical ventilation
and had septic shock (using vasopressors), comparing patients
on early EN vs. those who did not receive it. No differences were
identified between the groups regarding baseline clinical charac-
teristics except for age (years), which was higher in the early EN
group (64 = 14 vs. 56 = 16; p = 0.02). The authors also found
that the early EN group spent less time on mechanical ventilation
[27 (24-28) vs. 14 (0-26) ventilator-free days; p = 0.009] and
less time in the ICU (25 [14-27] vs. 12 [0-22] ICU-free days;
p=0.014).

Studies indicate that one limitation of EN in patients on vaso-
pressors is the risk of intestinal ischemia. A recent review of nine
studies reported large variability (from 0.3 % to 8.5 %) in the
incidence of intestinal ischemia in this patient profile (8). Although
the incidence of intestinal ischemia secondary to EN is low, it con-
tributes to significant morbidity and high mortality rates, ranging
from 46 % to 100 % (9).

Recent guidelines (10,11) indicate that hemodynamically stable
critically ill patients who receive early EM survive longer. On the
other hand, in patients on vasoactive drugs, mechanical ventilation
or sedatives, there may be alterations in blood flow and peripheral
vascular perfusion, affecting gastrointestinal motility and gastric
emptying (12). Under such conditions, gastrointestinal disorders
could additionally limit the use of EN (13).

Although some studies (14-16)show that up to 60 % of critically
ill patients have gastrointestinal motility disorders (vomiting, diar-
rhea, increased gastric residue, and constipation), little is known
about the role of EN in these disorders. Two studies have reported
an association between EN and gastrointestinal disorders. In 37
Spanish ICUs, Montejo (16) evaluated the effect of a management
protocol for preventing diet discontinuation and gastrointestinal
disorders, including only patients on EN (n = 400). This author
reported that gastrointestinal disorders were frequent (increased
gastric residue [39 %)], constipation [15.7 %], diarrhea [14.7 %],

E. Batassini et al.

abdominal distention [13.2 %], vomiting [12.2 %] and regurgitation
[5.5 %]), pointing out that patients with gastrointestinal complica-
tions received a lower volume of EN than those without gastrointes-
tinal complications (63.1 = 1.2 % vs. 93.3 + 0.3 %; p < 0.001),
had longer hospital stays (20.6 + 1.2 vs. 15.2 + 1.3 days;
p < 0.01) and higher mortality (31 % vs. 16.1 %; p < 0.001).
Nassar et al. (17) studied 106 surgical patients in a Brazilian ICU
and found that constipation was common (69.9 %), as well as
that early EN (within 24 hours of ICU admission) was a protective
factor against constipation (OR: 0.16; 95 % Cl: 0.05-0.45) (17).
Other authors (15) have reported that gastrointestinal disorders
are related to poor clinical outcomes. A multicenter study including
patients (n = 377) from 40 ICUs in several European countries
found that the number of concurrent gastrointestinal symptoms
is an independent risk factor for 28-day ICU mortality (OR: 3.18;
95 % Cl: 1.08-9.40; p = 0.035) (15). However, the causal rela-
tionship between EN and these gastrointestinal complications is
still not clear, nor is their impact on hard outcomes.

Given the lack of robust evidence about the conditions that favor
EN, as well as about how critically ill patients are affected by gas-
trointestinal disorders, the aim of this study was to describe the
incidence of gastrointestinal disorders and to identify conditions
associated with the use of EN in a cohort of critically ill patients.

METHODS

DESIGN, SETTING, AND POPULATION

At the end of 2016, a prospective cohort study was conducted
at the ICU of a large public university hospital in southern Brazil
to assess the incidence of and factors associated with constipa-
tion (6). Adults (aged > 18 years) who remained in the ICU for a
period > 3 days were included. Adults who had constipation or
diarrhea on admission, or who had preoperative bowel preparation
with enemas, a colostomy, who were admitted from another ICU
or were readmitted to the ICU during the current hospitalization
were excluded.

DATA COLLECTION

At the start of the study, the first 10 ICU patients were included,
who were followed up until ICU discharge or death, at which point
new patients were admitted as participants. The patients were
followed daily during the first 10 days of ICU stay by previously
trained nurses who used a standardized instrument developed
for the study, that consisted of variables related to previous and
current clinical history, interventions and therapeutic support,
nutritional support, and daily Acute Physiology and Chronic
Health Evaluation (APACHE Il) and Sepsis-related Organ Failure
Assessment (SOFA) scores. For each gastrointestinal disorder, a
criterion was adopted, as described below, according to the liter-
ature. Constipation was defined as no bowel movement for three
consecutive days (17). Diarrhea was considered three or more
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episodes of liquid or semi-liquid stools per day (18). Vomiting was
defined as the occurrence of any visible regurgitation of gastric
content (19). Abdominal pain, distension, and the need for gastric
decompression were determined through clinical assessment by
the care team, and were recorded in the patients’ charts.

The study was conducted in accordance with the Declaration of
Helsinki guidelines, and the hospital’s research ethics committee
approved the research protocol.

STATISTICAL ANALYSIS

Data were tabulated and analyzed using the SPSS 20.0 soft-
ware. A descriptive analysis was performed according to the
variables’ characteristics and distribution, and the assumptions
of the statistical tests. Continuous variables were expressed as
mean = SD or median [interquartile range] as indicated. Categor-
ical variables were expressed as absolute and relative frequency.
The analysis considered two groups: a) patients who received EN
for at least 24 hours during their ICU stay, and b) patients who
did not receive EN, i.e., who received their diet orally or paren-
terally, or who fasted during their ICU stay. Comparisons between
groups were performed using the chi-square test with residual
analysis adjusted for categorical variables, and Student’s #-test
for continuous variables. Cox regression with log-rank test was
used to estimate the hazard ratio (HR), and Kaplan-Meier analysis
between the EN and non-EN groups and gastrointestinal disor-
ders, adjusted for ICU stay. The gastrointestinal disorders included
in this analysis were those that were significantly different in the
univariate analysis.

To identify conditions associated with EN, a multivariate regres-
sion was performed with robust variance and binary outcomes to
calculate the odds ratio, adjusted for confounders. The variables
for the multivariate regression were selected from the univariate
analysis, considering p < 0.20; pvalues < 0.05 were considered
statistically significant.

RESULTS

Of all ICU patients admitted during the study period (n = 2,651),
346 were potentially eligible. Of these, 157 were included, with
10 patients monitored at a time (Fig. 1).

The EN group had a more severe profile: they had a higher
mean APACHE Il score (23.6 = 7.6 vs. 15+ 7.2, p< 0.001) and a
higher mean SOFA score on the day of ICU admission [7 (5-10.5)
vS. 4 (2-6); p < 0.001], were admitted to the ICU for sepsis and
neurological reasons (35.1 % vs. 10 % and 20.6 % vs 3.3 %,
p < 0.001, respectively), and had higher ICU mortality (32 % vs.
10 %, p=0.002).

Of all the included patients, 95 % had at least one gastrointes-
tinal disorder during the study period. The most frequent disorders
were constipation (75.9 %), abdominal distension (41.4 %), and
diarrhea (28.7 %). Univariate analysis showed that any gastroin-
testinal disorder was more frequent in the EN group (97.9 % vs.
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Hospitalizations during
the study period:
2,651

Total patients evaluated
for inclusion in the study
346

Reasons for exclusion:

— ICU readmission: 41

— Previous constipation or
diarrhea: 35

— lleostomy or colostomy: 10

— Discharged or died within 24
hours: 26

— ICU stay < 3 days: 47

— Preoperative enema: 12

— Transfer from another ICU: 18

Total patients included
to keep 10 patients
simultaneously under
follow-up:

157

Figure 1.
Study flow chart.

90 %, p = 0.02). In isolation, diarrhea and the need for gastric
decompression were more frequent in the EN group (39.7 % vs.
11.7 %, p< 0.001 and 34 % vs. 13.3 %, p = 0.004, respective-
ly). There were no significant differences between groups for the
other variables (Table I).

The risk of diarrhea (HR = 3.8, 95 % Cl = 1.7-8.7) and the
need for gastric decompression (HR = 2.8, 95 % Cl = 1.3-6.0)
was higher in the EN group. No difference in the risk of abdominal
distension (HR = 1.6, 95 % Cl = 0.9-2.7) was found between the
groups, according to cumulative survival (Fig. 2).

The following conditions were independently associated with
EN: neurological deficit (Glasgow Scale < 9 or RASS Scale < -2),
prior enteral tube feeding, and SOFA score on the day of ICU
admission (Table Il). For each one-point increase in SOFA score,
the use of EN increased by 20 %.

DISCUSSION

In a cohort of critically ill patients, the present study found
that conditions associated with EN included neurological deficit,
previous enteral feeding, and high SOFA scores. We also found
that gastrointestinal motility disorders are extremely common in
critically ill patients, with constipation and abdominal distension
being most frequent. Moreover, the incidence of diarrhea and
need for gastric decompression with a nasogastric tube was more
frequent in the EN group than the non-EN group.

Although it is already known that the use of EN is more related
to patients with neurological involvement, as they have a higher
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Table I. Demographic and clinical characteristics
All EN Non-EN
(n = 157) (n=97) (n = 60) B
Age (years) 58.3+15.2 58.7 + 16 576 +13.9 0.66
Male 84 (53.5) 52 (61.9) 32 (53.3) 0.97
APACHE Il 215+ 8.4 23.6+7.6 1572 < 0.001
SOFA 6 [4-9] 7 [5-10.5] 4 [2-6] < 0.001
Reason for ICU admission
Sepsis 40 (25.5) 34 (35.1) 6 (10)
Neurological 22 (14) 20 (20.6) 2 (3.3
Respiratory 24 (15.3) 19 (19.6) 5(8.3)
Cardiological 12 (7.6) 6(6.2) 6(10) < 0.001
Gastroenterological 5(3.2) 4(4.1) 1(1.7)
Postoperative 43 (27.4) 6 (6.2) 37 (61.7)
Other 11(7) 8(8.2) 3()
Previous diseases
Arterial hypertension 76 (48.4) 49 (50.5) 27 (45) 0.50
Diabetes 37 (23.6) 22 (22.7) 15 (25) 0.73
Cancer 29 (18.5) 21(21.6) 8(13.3) 0.19
COPD 15(9.6) 10(10.3) 5(8.3) 0.68
Renal disease 23(14.6) 17 (17.5) 6 (10) 0.19
Heart failure 11(7) 7(7.2) 4(6.7) 0.89
Ischemic heart disease 14 (8.9) 6 (6.2) 8(13.3) 0.12
Stroke 14 8.9 12 (12.4) 2(3.3) 0.05
Diverticulitis or Crohn’s disease 5(3.2) 3(3.1) 2 (3.3 0.93
Nutritional status
BMI
<18.5 (%) 20 (12.9) 16 (16.8) 4(6.7)
>18.5and < 25 (%) 49 (31.6) 30(31.6) 19(31.7) 0.295
> 25 and < 30 (%) 45 (29) 25 (26.3) 20 (33.3)
> 30 (%) 41 (26.5) 24 (25.3) 17 (28.3)
Gastrointestinal disorders
Presence of any disorder (%) 149 (95) 95(97.9) 54 (90) 0.02
Constipation (%) 119 (75.9) 74 (76.3) 45 (75) 0.85
Abdominal distension (%) 65 (41.4) 46 (47.4) 19 (31.7) 0.05
Diarrhea (%) 45 (28.7) 38(39.7) 7(1.7) < 0.001
Vomiting (%) 41(26.1) 25 (25.8) 16 (26.7) 0.90
Need for gastric decompression (%) 41 (26.1) 33 (34) 8(13.3) 0.004
Abdominal pain (%) 20(12.7) 14 (14.4) 6 (10) 0.41
ICU death 37 (23.6) 3132 6 (10) 0.002

Values expressed as mean + standard deviation, frequency (%) or median [25" percentile-75" percentile]. EN: enteral nutrition; APACHE: Acute Physiology and Chronic
Health Evaluation; SOFA: Sepsis-related Organ Failure Assessment; ICU: intensive care unit; COPD: chronic obstructive pulmonary disease.

risk of dysphagia (20), no study was designed with the direct
objective of evaluating the conditions associated with EN.

Since no study has directly identified the conditions associat-
ed with the use of EN in critically ill patients, it is impossible to
draw any direct comparisons with our findings. However, indirect
comparisons with studies designed for other purposes might be

useful. For example, a prospective Spanish study (21) assessed
the profile and costs of home EN, following patients for three
years. Although the patient profile differed from ours, neurological
deficits were also frequent (62 %) in their sample.

Likewise, the prolongation of and failure to resolve neurologi-
cal conditions in critically ill patients requires that these patients
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p < 0.001

Incidence of Diarrhea
Incidence of Gastric Decompression

p=0

.005 p=0.078

Figure 2.

Comparison of diarrhea (A), gastric decompression (B), and abdominal distension incidence (C) between patients who received enteral nutrition (solid line) and those who

did not (dotted line).

Table Il. Multivariate analysis for predictors of enteral nutrition use

Variable Crude OR Adjusted OR p
Neurological deficit 20.7 (8.4-51.2) 16.7 (5.9-46.9) < 0.001
Prior enteral tube feeding 23.9(3.2-181.3) 45.1 (5.3-380) < 0.001
SOFA score 1.3(1.2-1.5) 1.2(1.01-1.3) 0.03

OR: odds ratio; SOFA: Sepsis-related Organ Failure Assessment.

become repeat users of EN (22). Thus, we verified that the previ-
ous use of enteral tube feeding was a condition frequently asso-
ciated with EN on our cohort.

Patients with higher SOFA scores are more likely to not eat
when alone (23), but no study showed a direct association with
this clinical variable. Studies with objectives different from ours
(21,23) indirectly describe a high SOFA score among patients with
EN. To evaluate the effects of early EN on clinical outcomes, Khalid
et al. (24) analyzed data from critically ill patients (n = 1,174) in
a number of U.S. hospitals, divided into early or late EN groups.
They found that the early EN group had higher APACHE Il (23 + 7
vs. 25 + 8; p=0.002) and SAPS Il scores (52 + 15 vs. b5 + 16;
p < 0.001). Although all patients in their study received EN at
some point (early or late), there is some similarity between their
results and ours regarding the association between SOFA score
and EN use.

Critically ill patients undergo catabolic stress and systemic
inflammatory response, which alter the morphology and function
of the gastrointestinal tract (13), resulting in a higher incidence
(> 60 %) of gastrointestinal disorders in ICU patients due to
impaired motility, digestion, or absorption processes (14,15). An
even higher rate of disorders was identified in the present cohort
(95 %), which could be related to the fact that we included any
type of gastric alteration (constipation, diarrhea, nausea, vomiting
or abdominal distension).

[Nutr Hosp 2021;38(3):429-435]

Although, according to the literature, gastrointestinal disorders
are frequent in critically ill patients, the reported incidence varies
(16,17), including much lower rates than we identified. There are
different explanations for this variability. The first of these refers
to the set of signs and symptoms included in the studies, as well
as lack of consensus about how to define these events. While
Nassar et al. (17) define constipation as no bowel movement for
three consecutive days, Nguyen et al. (25) described it using a
strict concept that combined bowel movement frequency with
clinical manifestations, which they called “impaired gastrointes-
tinal transit”. Variations in participant profile could also lead to
different incidence rates. A multicenter study by Blaser et al. (15)
evaluated patients on mechanical ventilation and, besides the dis-
orders considered in our study, they considered gastrointestinal
bleeding and abdominal hypertension. According to these authors,
60.2 % of their sample had at least one gastrointestinal disorder
in the first week of ICU treatment. An older study reported higher
rates of gastrointestinal disorders: in 1999, Montejo (16) evalu-
ated 400 patients from 37 Spanish ICUs, finding that 62.8 % had
gastrointestinal disorders. However, only critically ill patients on EN
were assessed, and the included hospitals’ protocol was to avoid
discontinuing EN and prevent the occurrence of gastrointestinal
disorders.

There is also great variation in the literature when dealing exclu-
sively with the incidence of constipation in critically ill patients
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(9 % [26] to 96 % [27]). In the present study the incidence of
constipation was 75.9 % according to the previously used defini-
tion of no bowel movements for three consecutive days. Using the
same definition, Nassar et al. (17) found a constipation incidence
of 69.9 % in 106 surgical patients in a Brazilian ICU, which was
similar to our finding in a different patient profile. In a retrospective
U.S. cohort that included 83 patients with burns over more than
20 % of their body surface area, on mechanical ventilation in an
ICU, late evacuation was defined as no evacuation after six days
of ICU treatment, and the reported incidence was 36.1 % (28).
Although there is large variability in the reported incidence rates,
constipation is a common problem in critically ill patients.

In addition to frequent constipation, we found that abdominal
distension affected 41 % of the patients in this study, with 10
days of follow-up. In a Chinese prospective cohort of 470 adults
in 14 1CUs, with a median length of stay of 14 (11.0-14.3) days,
abdominal distension occurred in 44.8 % of the patients (29). On
the other hand, in a multicenter study, Blaser et al. (15) found
a lower rate than ours (20.7 %), although their patients were
followed for less time in the ICU (7 days).

Comparing gastrointestinal disorders between EN and non-EN
patients, we found that diarrhea and the need for gastric decom-
pression were more frequent in the EN group. In Montejo (16) and
Heyland et al. (30), the main gastrointestinal complication found
among critically ill patients on EN was increased gastric residue,
which we also found. The incidence of diarrhea in the EN group was
39.7 %, which was significantly higher than in the non-EN group.
A retrospective Australian cohort (n = 50) of critically ill patients on
EN included stool volume in the definition of diarrhea, reporting an
incidence of 78 %, which was higher than ours (31). However, their
definition differed from ours, and the volume considered in their
study was based on the subjective assessment of the nursing staff.

Despite being a finding already reported in other studies (32),
monitoring the incidence of diarrhea during the infusion of EN
allows care practices to be reviewed, since among the causes
of this disorder are the composition of enteral formulas (high
osmolarity or low amount of dietary fiber increase the risk), the
characteristics of their administration, including the position of the
enteral tube (gastric or jejunal, with no consensus on the benefit
of a gastric tube in preventing diarrhea), and the mode of infusion
(use of an infusion pump decreases the risk of diarrhea when
compared to gravitational dripping) (33). Also, it is necessary to
observe the risks of microbial contamination of the EN formulas
used, as well as contamination of the enteral tube lumen, due to
inadequate handling practices and lack of care with diet admin-
istration devices (34).

Although we found no difference in the incidence of consti-
pation between the EN and non-EN groups, some authors have
detected a difference. Nassar et al. (17) reported that early EN
(within 24 hours of ICU admission) was associated with a low-
er incidence of constipation (OR: 0.16; 95 % Cl: 0.05-0.45). In
another study, late EN (OR: 3.42; 95 % CI: 1.88-6.22; p < 0.001),
sedatives (OR: 3.07; 95 % Cl: 1.71-5.52; p < 0.001) and surgery
(OR: 1.86; 95 % ClI: 1.01-3.42; p=0.047) were independent risk
factors for delayed bowel movement (35).

E. Batassini et al.

Our study was initially designed to assess the incidence of
gastrointestinal disorders and their determinants in ICU patients,
not to compare the relationship between these events and the risk
of EN. Thus, other variables that could be predictors of EN may
have been overlooked in our cohort. On the other hand, our study
design was robust, with methodological care taken throughout its
planning, implementation, data analysis and interpretation, and it
provides information that is scarce in the literature.

CONCLUSION

Our data indicate that the conditions associated with EN in
critically ill patients were neurological deficit, prior enteral tube
feeding, and higher SOFA scores. Gastrointestinal disorders were
very common, especially constipation and abdominal distension.
Among the critically ill patients who received EN, there was a
higher incidence of diarrhea and need for gastric decompression.
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Resumen

Introduccion: la nutricion dptima del paciente critico es clave para su recuperacion.

Objetivos: promover la formacion y difusion del conocimiento acerca del soporte nutricional mixto (SNM) mediante un algoritmo clinico entre
los intensivistas para mejorar el estado nutricional de los pacientes criticos.

Métodos: estudio antes-después con la participacion de 19 unidades de cuidados intensivos (UCI) polivalentes en 10 comunidades auténomas.
Cinco miembros del comité cientifico formaron a los formadores mediante presentaciones orales y el algoritmo de SNM. Los formadores fueron
responsables de la formacion de los intensivistas en sus propias UCI. El cuestionario de 30 items fue completado por 179 y 105 intensivistas
antes y después de la intervencion, respectivamente.

Resultados: se observd un aumento del conocimiento en seis (20 %) preguntas especificas relacionadas con el SNM. En 11 items (36,6 %), el
conocimiento adecuado sobre diferentes aspectos del soporte nutricional que ya estaban presentes antes de la formacion se mantuvieron, y en
cinco items (16,7 %) hubo un aumento de la tasa de respuestas correctas. En cuatro items (13,3 %), las respuestas correctas no mejoraron y
en otros cuatro (13,3 %), los porcentajes de respuestas correctas disminuyeron.

Conclusiones: el algoritmo de SNM ha logrado una solida consolidacion de los principales conceptos de esta estrategia. Algunos aspectos
referentes a como manejar al paciente desnutrido, como identificarlo y qué tipo de nutricion pautar desde el inicio del ingreso en la UCI, los
aportes nutricionales en situaciones especiales y el seguimiento de posibles complicaciones como la realimentacion, son areas que requeririan
estrategias formativas adicionales.

Abstract

Introduction: optimal nutrition in the critically ill patient is a key aspect for recovery.

Objectives: to promote training in and knowledge of mixed nutrition support (MNS) by means of a clinical algorithm among intensivists for
improving the nutritional status of critically ill patients.

Methods: a before-and-after study with the participation of 19 polyvalent intensive care units (ICUs) in 10 autonomous communities. Five members
of the scientific committee trained the trainers by means of oral presentations and a clinical algorithm on MNS. Then, trainers were responsible
for explaining the algorithm to local intensivists in their ICUs. The 30-item study questionnaire was completed before and after the intervention
by 179 and 105 intensivists, respectively.

Results: a clear improvement of knowledge was found in six (20 %) specific MNS-related questions. In 11 items (36.6 %), adequate knowledge
on different aspects of nutritional support that were already present before the intervention were maintained, and in five items (16.7 %) an
improvement in the rate of correct responses was recorded. There were no improvements in correct responses for four items (13.3 %), and for
four (13.3 %) additional items the percentage of correct responses decreased.

Conclusions: the use of the MNS algorithm has achieved a solid consolidation of the main concepts of MNS. Some aspects regarding how to manage
the malnourished patient, how to identify them and what type of nutrition to guide from the beginning of admission to the ICU, nutritional contributions
in special situations, and the monitoring of possible complications such as refeeding are areas for which further training strategies are needed.
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INTRODUCCION

La terapia nutricional en el paciente critico es un elemento clave
en su recuperacion. Numerosos estudios, incluyendo revisiones
sistematicas y metaanalisis, han proporcionado evidencia solida
de que una provisidn optima de nutrientes y el establecimiento
temprano de un balance caldrico adecuado por abordaje enteral
0 parenteral se asocian con una evolucion favorable, con dismi-
nucién de la morbilidad y la mortalidad (1-4). Por el contrario,
diferentes estudios han confirmado el papel de la desnutricion
y del balance energético negativo como factores de riesgo de
mortalidad, complicaciones, disminucion de los dias libres de ven-
tilacion mecanica y mayor duracion de la estancia en la UCl y en
el hospital, con peores resultados funcionales y de recuperacion
a largo plazo (5-8).

Respecto al momento de inicio y la via de administracion, la
nutricion enteral (NE) es la via de preferencia (9-11), recomen-
dandose la nutricion parenteral (NP) cuando existen contraindica-
ciones para la via enteral o cuando se espera que los pacientes
criticos no vayan a recibir una dieta oral completa durante 3 o
mas dias consecutivos (12,13). En un ensayo multicéntrico pros-
pectivo, aleatorizado y controlado de 2388 pacientes criticos para
evaluar las diferencias entre la NE precoz y la NP precoz, no hubo
diferencias en la mortalidad a 30 y 90 dias, ni en la duracion del
soporte de 6rganos, ni en las complicaciones infecciosas, ni en la
duracion de la estancia en la UCl y en el hospital (14). Sin embar-
go, en otro ensayo aleatorizado y controlado de 2410 pacientes
con ventilacion mecdanica y tratamiento con farmacos vasoactivos
por shock, la NE precoz isocalérica no disminuyd la mortalidad ni
el riesgo de infecciones secundarias, pero se asocio a un mayor
riesgo de complicaciones digestivas en comparacion con la NP
isocalorica parenteral (15). Asimismo, en una revision sistemética
con metaanalisis de 18 ensayos aleatorizados y controlados, con
3347 pacientes, se observo que la NE en comparacion con la NP
no afectaba a la mortalidad global, pero disminuia el riesgo de
complicaciones infecciosas y la estancia en la UCI (16).

El retraso en el inicio de la NE, sin embargo, comporta un
aumento de la mortalidad y de las complicaciones infecciosas
(9). A pesar de la importancia del inicio temprano de la NE, su
implementacion en la practica clinica es suboptima, con retrasos
de varios dias hasta alcanzar los requerimientos nutricionales
recomendados (17). El soporte nutricional mixto (SNM), basado
en la NE precoz suplementada con alimentacion parenteral, es
una estrategia efectiva y segura para alcanzar un aporte calorico
Optimo mas precozmente que con la NE (18). Asimismo, permi-
te disminuir el nimero de complicaciones y puede mejorar la
supervivencia (19,20), por lo que es una estrategia a tener en
cuenta a la hora de planificar el aporte nutricional en los pacien-
tes criticos en los que la via enteral es insuficiente, pudiéndose
evitar la sobrealimentacion mediante una prescripcion cuidadosa,
idealmente basada en el gasto energético medido por calorime-
tria indirecta (21). En la practica clinica, sin embargo, algunos
estudios han alertado acerca de las deficiencias presentes en
las practicas de tratamiento nutricional en el marco del soporte
integral del paciente critico (22-24).
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Con el propésito de promover la formacion y difusion del cono-
cimiento acerca del soporte nutricional mixto entre los intensivis-
tas de nuestro pais, se disefid un estudio antes-después basado
en la aplicacion de un algoritmo clinico de actuacion para adecuar
el manejo del paciente tratado con soporte nutricional mixto. Con
ello, ademas, se podria optimizar el arsenal terapéutico disponible
en la UCI.

MATERIAL Y METODOS

DISENO

El proyecto ALGORITMIA consistia en un estudio de intervencion
antes-después basado en un programa educativo y en la aplica-
cion de un algoritmo clinico de actuacion en el mbito del soporte
nutricional mixto, contando con la participacion de los servicios
de medicina intensiva polivalentes de una serie de hospitales
publicos de tercer nivel de diferentes comunidades auténomas
del pais. El objetivo principal del estudio era dotar a los médicos
intensivistas participantes de los conocimientos necesarios de
SNM para mejorar su implementacion y mejorar, consecuente-
mente, el estado nutricional de los pacientes criticos. Los objetivos
secundarios eran los siguientes: a) evaluar el nivel de conocimien-
to de las guias de practica clinica sobre el manejo de la nutricion
clinica en los pacientes criticos; y b) determinar aquellos aspectos
en los que habia mayor incertidumbre en el manejo del SNM en
el paciente critico. Por tratarse de un programa formativo, no era
necesario obtener la aprobacion por un comité de ética.

FASES Y DESARROLLO DEL PROYECTO

El proyecto constaba de dos fases. En la primera, de marzo a
diciembre de 2017, se establecieron el comité cientifico, el equipo
técnico y la seleccion del panel de formadores. En la segunda, de
marzo a diciembre de 2018, el panel de formadores procedio a la
formacion en el algoritmo clinico de actuacion de SNM, a la puesta
en practica del algoritmo en los servicios de medicina intensiva
correspondientes y a la cumplimentacion del cuestionario del
estudio antes y después de la estrategia formativa. Finalmente,
de enero a abril de 2019 se procedi¢ al andlisis de los datos
recogidos en el cuestionario y a la presentacion de los resultados
al grupo de trabajo.

El comité cientifico estaba formado por un grupo de cuatro
expertas especialistas en medicina intensiva y una experta espe-
cialista en endocrinologia y nutricion. Trabajando en colaboracion,
y tras hacer una revision de la literatura para actualizar la evidencia
disponible en el campo de la nutricion del paciente critico, desarro-
llaron un programa formativo para optimizar el abordaje y manejo
del SNM en pacientes criticos. Este programa, en formato “forma-
cion de formadores”, estaba integrado por cinco presentaciones
orales con PowerPoint en formato presencial, de unos 20 minutos
de duracion y cada una de ellas desarrollada por una de las auto-
ras. Los temas de las presentaciones eran los siguientes: abordaje
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de la NE, controversias en NP, tolerancia gastrointestinal de la
nutricion, déficit en el aporte nutricional y SNM. En cada una de
las presentaciones se incluian datos de los estudios sobresalientes
recientemente publicados en la literatura, y los pormenores fisio-
patoldgicos, clinicos y diagnosticos y terapéuticos que cada una
de las formadoras consideraba de interés. Asimismo, las expertas
ensefiaron a los formadores el algoritmo clinico de implementacion
del SNM, sus bases cientificas y su aplicacion practica (Tabla I).
Ademas, desarrollaron un cuestionario sobre el conocimiento del
manejo y el abordaje del SNM para poder valorar el impacto del
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programa formativo en el colectivo de la medicina intensiva. El
cuestionario del proyecto ALGORITMIA constaba de 30 items en
forma de enunciados o preguntas con cinco opciones de respues-
ta, de las cuales solo se podia elegir una. Asimismo, solamente
una opcion era la correcta. El detalle del cuestionario se describe
en la tabla Ill. Los formadores fueron los encargados de pasar los
cuestionarios en sus servicios antes de la formacion y tras unos
meses de haber implementado el algoritmo.

Los formadores dispusieron de una pagina web de acceso res-
tringido donde podian encontrar el algoritmo, las presentaciones

Tabla I. Algoritmo clinico de actuacién en el soporte nutricional mixto

Evaluacion individual
Situacion hemodmgmma ConFrolada M Objetivo nutricional (6-9)
Ingesta oral no posible > 3 dias (2) ]
o o — 20-25 keal/kg/dia y
’ Valoracion nutricional: (3-5) , .
Dia 1 — NUTRIC Score = 5 — 1,2-2,5 g proteinas/kg/dia
— Considerar enfermos en riesgo de Realimentacion
Iniciar nutricion enteral (si no hay contraindicacion) (10-14)
10-20 mL/h en las siguientes 24 h
Nutricion Monitorizacion
Aumento gradual de la nutricion enteral (15-17) Tolerancia gastrointestinal (27-34)
— Monitorizar:
e Presion intraabdominal, distension abdominal o
dolor > descartar patologia abdominal
e Diarrea > descartar Clostridium difficile
e \/omitos, regurgitaciones > comprobar sonda nasogastrica
. - e Estrefiimiento
Dia 2 - OlbjetIVO. alcanlzar el 80.% dg los requer|m|entos , « Residuo gastrico (> 500 mL)
— Si hay tolerancia gastrointestinal, incrementar segun el _ Optimizar/valorar
protocolo habitual en las siguientes 24-48 h P e '
e Sedacion
e Procinéticos
e Fibra
e |axantes
e Sonda transpildrica
e Tipo de dieta enteral
Evaluacion del objetivo calorico-proteico (18-20) Tolerancia metabadlica (35)
¢Se ha alcanzado menos del 60 % del objetivo calculado?
— Incluir aporte: propofol, suero glucosado, liquidos de dialisis y
maddulos de proteina o
— Monitorizar:
Soporte nutricional mixto (21-23) ° ?Ilu?.osialz(; 40-1 igomg/ %L
o .
Dia>3 | — Iniciar nutricion parenteral para suplementar las calorias y an ',C,e” hos.,<l mg
°
proteinas necesarias para alcanzar el 100 % del objetivo Func!gn epalnca
[ ]
caldrico-proteico uncion rena
[ ]
— Evitar la sobrenutricion Ionogramg
— — - e Balance nitrogenado
Incrementar la nutricion enteral en funcion de la tolerancia
gastrointestinal, promover la ingesta oral y reducir acorde con la
nutricion parenteral (24-26)

Los numeros entre paréntesis corresponden al soporte bibliografico de cada punto. El listado de los articulos se incluye en la Bibliografia.

[Nutr Hosp 2021;38(3):436-445]



BENEFICIOS DE UN PROGRAMA DE FORMACION Y DE UN ALGORITMO CLINICO DE SOPORTE NUTRICIONAL MIXTO 439
PARA MEJORAR LA NUTRICION DEL PACIENTE CRITICO: ESTUDIO ANTES-DESPUES

de las cinco expertas y una calculadora electronica para facilitar
el calculo de los requerimientos calorico-proteicos alcanzados con
la NE, y ayudar a llevar a cabo la formacion en sus respectivos
servicios y la dptima implementacion del algoritmo.

ANALISIS ESTADISTICO

Los datos correspondientes a los cuestionarios de antes y
después de la formacion y de la aplicacion del algoritmo fueron
incluidos en una base de datos por personal independiente al
proyecto, estando el acceso a los resultados restringido al comité
cientifico. Se efectud un analisis descriptivo.

RESULTADOS

En total, 19 médicos intensivistas (uno por UCI) recibieron la
formacion presencial y distribuyeron los cuestionarios entre los
miembros de sus respectivos servicios. Las UCI participantes
estaban situadas en 10 comunidades autonomas (Andalucia,
Catalufia, Castilla y Leon, Extremadura, Galicia, Pais Vasco, Ara-
gon, Madrid, Comunidad Valenciana e Islas Canarias). El cuestio-
nario fue completado por 179 intensivistas antes de la aplicacion
del algoritmo de soporte nutricional mixto, y por 105 despugés de
la implementacion del mismo.

Las variaciones en los porcentajes de respuestas correctas
e incorrectas para cada item del cuestionario antes y después
de la formacion y aplicacion del algoritmo se describen en la
tabla Il. Los cambios observados para cada una de las respuestas
correctas del cuestionario se resumen en la tabla Ill. Tal como
se muestra en la figura 1, en todos los items del cuestionario,
excepto en cuatro (items 1, 3, 16 y 24), hubo incrementos en los
porcentajes de encuestados que eligieron la respuesta correcta
después de la formacion y aplicacion del algoritmo. En algunos
casos, la variacion fue muy notable (un aumento del 35 % en el
item 4, del objetivo nutricional inicial del paciente normonutrido
de 20-25 keal/kg/dia — 1,2-2,5 g proteina/dia, o del 29 % en el
item 11, del volumen de residuo gastrico patoldgico de 500 cc en
una medicion). En otros aspectos, los porcentajes de respuestas
correctas antes de la intervencion eran ya buenos (del 90 % o
superiores), por 1o que en estos casos (items 1,9, 13,17,20 y
30) las tassas de mejoria fueron inferiores al 10 % (Fig. 1), pero
aun asi se consiguié una mejora.

En relacion con los conocimientos del SNM, especificamente en
los items 6, 7, 25, 26, 27, 28 y 30 del cuestionario (20 % del total)
se observard un incremento del porcentaje de respuestas correctas
tras la formacion. De forma similar, también mejord el conocimien-
to sobre la indicacion de inicio de la NP (item 5). Por otra parte,
en 11 items del cuestionario (7, 9, 13, 15, 17, 18, 19, 20, 21,
22, 23), correspondiente al 36,7 %, se mantuvieron los buenos
conocimientos sobre el soporte nutricional que ya se tenian.

Respecto a los parametros o indices a utilizar para valorar el
riesgo nutricional, hubo una disminucion del 2 % en el porcen-
taje de respuestas correctas (alto riesgo definido por un NRS
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2000 > 5 y/o NUTRIC Score > 5), pero hubo un incremento del
22 % al 46 % en la eleccion del NUTRIC Score, que es un indice
especifico para pacientes criticos. El porcentaje de encuestados
que acertaron en la eleccion del pliegue tricipital como parametro
que no es un buen indicador de malnutricion fue tan solo del 17 %
antes de la formacion, disminuyendo después a un 15 %, aunque
la opcion de los valores de albumina antes del ingreso aumento
del 17 % al 41 %. Por otra parte, también se observd un incre-
mento considerable, del 57 % al 79 %, en la consideracion de que
la NE no se debe suspender tras haberse iniciado. En este sentido,
el manejo de la diarrea tras el inicio de la NE parece haber mejo-
rado tras la formacion y aplicacion del protocolo, lo cual se podria
traducir en una menor retirada de la NE tras la aparicion de la
diarrea. Por otra parte, destacaba un escaso conocimiento de las
emulsiones lipidicas de la NP, con porcentajes en la eleccion de
la respuesta correcta del 28 % al 31 %.

DISCUSION

La implementacion de una intervencion formativa asociada a la
aplicacion de un algoritmo clinico de actuacion ha logrado mejorar
el conocimiento de los intensivistas sobre diferentes aspectos del
SNM en los pacientes criticos. Cabe destacar la adecuada capaci-
dad en términos de cuando hay que iniciar el SNM (item 6), con un
69 % de aciertos iniciales que tras la formacion aumentan al 83 %.
Ello se ve reforzado por el aumento del 88 % al 96 % de respuestas
correctas en la indicacion del SNM a partir del tercer dia de ingreso
si no se tolera la nutricion enteral de forma completa. De igual
forma, la respuesta al caso clinico planteado (item 27) es correcta
antes de la intervencion en un 82 % de los casos, incrementandose
después hasta el 92 %, fijando la idea en los encuestados de que,
si aparecen complicaciones de tolerancia gastrointestinal y no se
alcanzan los requerimientos nutricionales (sumando NE, por sonda
gastrica y propofol), hay que iniciar el SNM. Asimismo, destaca
un conocimiento excelente de como monitorizar al paciente con
SNM (item 30) antes (91 %) y después de la formacion (97 %). En
este sentido, el objetivo primario del estudio —proporcionar los
conocimientos necesarios sobre el SNM para optimizar el estado
nutricional de los pacientes criticos— se ha alcanzado plenamente.

Respecto a la implementacion de las recomendaciones de las
guias de practica clinica (11,13), se ha confirmado un conocimien-
to excelente por la deteccion de la opcion de respuesta incorrecta
de la estabilidad de los biomarcadores y que estos no se afectan
por la sintesis y degradacion proteica, con un 90 % de aciertos
iniciales que aumentan al 96 % tras la formacion. Sin embargo, el
conocimiento de la puntuacion NUTRIC (Nutrition Risk in Critically
Ill) como instrumento de cribado nutricional, y de la puntuacion > 5
para los pacientes de alto riesgo (25,26), era claramente insufi-
ciente. Asimismo, hay un cierto desconocimiento de los indicadores
de malnutricion del paciente critico (item 3), 1o que probablemen-
te se deba a que algunos de ellos, como el pliegue tricipital, no
se usan habitualmente en las UCI. También llama la atencion el
aumento de los participantes que, tras la formacion, creian que
los valores de albimina sérica antes del ingreso en la UCI no son



440

M. L. Bordejé et al.

Tabla Il. Variaciones en los porcentajes de respuesta para cada item
del cuestionario en funcidn de las cinco opciones antes y después de la formacion
y aplicacion del algoritmo de soporte nutricional mixto

Opciones de respuesta
item del a b © d °
cuestionario Antes | Después | Antes | Después | Antes | Después | Antes | Después | Antes | Después
% % % % % % % % % %
1 3 1 1 0 4 0 90 99 2 0
2 6 1 8 4 46 44 9 4 22 46
3 8 5 17 8 40 30 17 15 17 41
4 1 1 B 70 6 31 17 25 10
5 1 0 5 1 16 76 93 0
6 3 1 18 15 7 69 83 1
7 7 4 4 19 21 40 27 31 1 1
8 48 43 1 25 32 11 12 4 5
9 2 2 1 2 0 0 0 92 95
10 42 19 1 2 6 4 B 59 11 13
11 7 4 12 9 44 73 13 4 22 9
12 1 0 42 56 28 31 2 1 22 9
13 1 0 0 0 1 0 1 1 96 97
14 3 0 9 6 57 79 3 0 2 1
15 3 1 2 1 2 0 2 2 89 94
16 47 38 3 1 35 51 2 0 9
17 3 1 2 0 2 1 91 97 1
18 88 92 1 0 1 3 6 1 2 1
19 1 0 1 0 4 5 84 88
20 1 0 1 0 0 1 96 98
21 8 15 6 3 8 0 23 31 46 45
22 1 0 0 1 1 0 1 0 96 97
23 1 0 0 0 0 1 2 2 94 96
24 4 2 1 0 0 1 44 42 47 54
25 3 0 3 1 1 0 2 2 88 96
26 1 0 6 2 1 2 15 15 76 78
27 1 0 7 1 82 92 1 1 6 1
28 8 4 0 1 1 0 1 0 83 93
29 39 25 1 1 46 68 6 2 2 2
30 1 0 0 1 1 1 3 0 91 97

En sombreado las opciones de respuesta correctas.

(tiles como marcador de malnutricion. EI conocimiento inicial del
objetivo nutricional, con un concepto claro de 20-25 kcal/kg/dia
iniciales y 1,2-1,5 g de proteina/dia, era deficiente, con un 35 %
de respuestas correctas que aumenta al 70 % tras la formacion.
En el paciente desnutrido, el inicio precoz de la NP también se
consolida con un aumento del 76 % al 93 % tras la formacion.
Iniciar el SNM a las 24-48 h del ingreso en el paciente desnutrido

no es una buena prctica, ya que puede ocasionar sobrenutricion.
En este punto destaca una mala comprension, aunque con cierta
mejoria (21 % que se incrementa al 40 %).

Otros conceptos bien entendidos tras la formacion incluyen el
volumen residual patoldgico, el que no se debe suspender la NE
frente a un episodio de diarrea de 48 h de duracion, y la compo-
sicion de la dieta a tener en cuenta frente a una complicacion.

[Nutr Hosp 2021;38(3):436-445]
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Tabla lll. Resultados del cuestionario antes y después de la formacion y aplicaciéon
del algoritmo de soporte nutricional mixto para las opciones correctas de cada item

Antes | Después
% %

items del cuestionario y respuesta correcta

1. En la valoracion del estado nutricional del paciente critico, qué afirmacion consideras que no es adecuada:

. ) A 9 . 90 99
— Los biomarcadores se mantienen estables y no se afectan por la sintesis y degradacion proteica

2. La valoracion del riesgo nutricional deberfa realizarse en todos los pacientes criticos al ingreso en la unidad. Para ello
existen diferentes parametros e indices que podemos utilizar. Seleccione la respuesta correcta: 46 44
— Los pacientes con alto riesgo nutricional se definen por un NRS 2002 > 5 y/o NUTRIC Score > 5

3. ¢Cudl de los siguientes parametros no es un buen indicador de malnutricion al ingreso del paciente critico?

— Pliegue del triceps 17 15

4. ;Cudl es el objetivo nutricional inicial en el paciente critico normonutrido?
— 20-25 keal/kg/dia — 1,2-2,5 g de proteina/dia

5. Paciente varon de 70 afios, ingresado previamente en Medicina Interna para estudio de sindrome toxico
(peso habitual, 65 kg), que se diagnostica de neoplasia gastrica. Actualmente presenta una talla 165 cmy 55 kg
de peso. En el postoperatorio precoz presenta shock séptico por peritonitis secundaria a dehiscencia de sutura, 76 93
siendo reintervenido y trasladado a la UCI con ventilacion mecanica. ¢,Qué soporte nutricional indicarias?
— Tras la estabilizacion hemodindmica, y dada la desnutricion previa del paciente, se iniciaria nutricion parenteral

35 70

6. ¢En qué momento esta recomendado iniciar el soporte nutricional mixto en el paciente critico?
— A partir del tercer dia si no se ha conseguido superar el 60 % del objetivo caldrico, y a lo largo de la estancia si 69 83
durante 2 dias consecutivos no se ha logrado superar el 60 % del objetivo caldrico (ambas ciertas)

7. Lavia enteral es la de eleccion para la nutricion en todo paciente critico siempre que sea posible; sin embargo,
existen situaciones en las que esta via no es posible 0 no cubre los requerimientos totales del enfermo, en cuyo
caso sera necesaria la utilizacion de la nutricion parenteral. De los supuestos siguientes, sefiale en cudl la nutricion
parenteral total o el soporte nutricional mixto NO esta indicado: 21 40
— Esta indicado iniciar la nutricion mixta (parenteral + enteral) en aquellos pacientes desnutridos al ingreso en UCI en

los que, a las 24-48 horas del ingreso, 10s requerimientos calorico-proteicos no han sido cubiertos por la nutricion
enteral.

8. ¢ Como deberia ser la emulsion lipidica de la nutricion parenteral en un paciente critico ingresado en la UCI por shock
séptico secundario a neumonia? 25 32
— Debemos utilizar formulaciones que contengan un menor contenido en omega 6, por su efecto proinflamatorio

9. En el seguimiento nutricional del enfermo critico: ¢ Qué parametros nos pueden ayudar a monitorizar la nutricion del
paciente critico? 92 95
— Balance nitrogenado, prealbtimina, albimina, déficit calérico-proteico (todas ciertas)

10. ¢Qué es cierto con respecto al sindrome de realimentacion?

— Son pacientes con mas de 7 dias de ingreso con una ingesta pobre o nula 3 59

11. ¢Qué volumen de residuo gastrico consideramos patoldgico? Responda qué hace habitualmente en su unidad

— 500 cc en una medicion 44 3

12. ¢Cual de las siguientes medidas se utiliza para mejorar el vaciado gastrico en los pacientes portadores de sonda
nasogastrica? 28 31
— Optimizacion de los niveles de glucemia

13. La administracion del volumen de nutricion enteral prescrito contindia siendo un reto en las unidades de cuidados
intensivos. ¢Cual de las siguientes le parece una medida a aplicar para optimizar la administracion de la nutricion
enteral en su unidad?

G L . ] . 96 97
— Utilizacion de un protocolo de nutricion, implicacion de todo el personal médico, enfermeria y auxiliares en el
manejo de la nutricion, mantener un registro de la nutricion administrada diariamente, conocer las complicaciones
asociadas a la administracion de la nutricion enteral y anticipar tratamientos para evitarlas (todas ciertas)
14. En caso de iniciar la nutricion enteral, qué no deberiamos hacer (sefialar la respuesta incorrecta): 57 79

— Suspender la nutricion enteral

(Continta en pagina siguiente)
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Tabla Ill (Cont.). Resultados del cuestionario antes y después de la formacion y aplicacion
del algoritmo de soporte nutricional mixto para las opciones correctas de cada item

Antes | Después
% %

items del cuestionario y respuesta correcta

15. Ante una complicacion, ;,qué parametros de la composicion de la dieta tendrias en cuenta?
— Diarrea: fibra insoluble; estrefiimiento: fibra soluble e insoluble; vomitos: osmolaridad de la dieta; hiperglucemia: 89 94
cantidad de hidratos de carbono (todas ciertas)

16. ¢Cudl de las siguientes NO seria una medida a adoptar ante un paciente bajo nutricion enteral que presenta un
episodio de diarrea de 48 horas de evolucion? 47 38
— Suspender la nutricion enteral temporalmente € iniciar nutricion parenteral u otro soporte nutricional

17. 4 Cudl seria el mejor abordaje por enfermeria para cumplir con los objetivos nutricionales del paciente con nutricion
enteral?
— Establecer una alimentacion por volumen, modificando el ritmo de infusién de forma dinamica; recoger en una
gréfica el volumen pautado-volumen entregado (ambas ciertas)

91 97

18. En cuanto a la monitorizacion del soporte nutricional, es falso que:

— No se puede monitorizar objetivamente 88 9

—_

9. Tras el calculo de los requerimientos del paciente, la prescripcion médica del producto de nutricion enteral adecuado

con la velocidad de perfusion calculada

— No es necesario preocuparse mas por el soporte nutricional del paciente; no se han de tener en cuenta los aportes
externos como el propofol, los sueros glucosados o los liquidos de didlisis con citrato, ya que van variando durante
la estancia en la UCI y serfa muy complicado monitorizarlos; las suspensiones ocasionales de la perfusion de
nutricion enteral por motivos de pruebas radioldgicas o analiticas, o de intervenciones quirlirgicas son minimas y
no afectan de forma sustancial al aporte final; las complicaciones gastrointestinales relacionadas con la nutricion
enteral no suelen ser frecuentes y, en caso de aparicion, tienen soluciones eficaces y rapidas (todas son falsas)

84 88

20. ¢Cuadl de las siguientes consideras que seria una consecuencia de la malnutricion en el paciente critico?
— Aumento de la tasa de infecciones nosocomiales; mayor tiempo de ventilacion mecanica; mayor costo sanitario
y estancia hospitalaria; impacto sobre la calidad de vida con incremento de la comorbilidad y mayor tasa de
reingresos hospitalarios (todas ciertas)

96 98

21. Respecto a las calorias no nutricionales, sefiale la respuesta FALSA:

2 1
— Una infusion de dextrosa al 5 % a 21 mlL/hora aporta 400 kcal en 24 horas 3 3

22. En la monitorizacion del aporte nutricional, ,cudl de las siguientes acciones se deben considerar en el calculo del
aporte?
— Los mddulos de proteinas; la sueroterapia utilizada; si reciben farmacos que contienen lipidos como el propofol; la
utilizacion de citrato en la terapia continua de reemplazo renal (todas se deben considerar)

96 97

23. El aporte nutricional es un pilar fundamental del tratamiento del paciente critico, por eso debemos insistir en el aporte
y debemos considerar:
— Evitar el déficit nutricional por suspension de la dieta; la nutricion enteral es la mas fisioldgica pero no siempre es
posible (ambas ciertas)

94 96

24. El déficit de aporte nutricional viene dado por las siguientes situaciones, excepto una:

— Alimentacion dinamica por volumen 44 42

25. ¢En qué caso estarfa justificado el soporte nutricional mixto?

. o . L 88 96
— A partir del tercer dia de ingreso si no se tolera nutricion enteral de forma completa

26. Paciente varon de 41 afios, ingresado en la UCI por traumatismo craneoencefalico tras una precipitacion hace
una semana. Permanece sedoanalgesiado. Peso 75 kg. Mide 170 cm. Requerimientos calculados: 20 kcal/kg —
1500 keal; 25 keal/kg — 1875 keal. Se inicio la nutricion enteral hace 5 dias con dieta hipercaldrica e hiperproteica
e inicio de procinéticos hace 2 dias, alcanzando diariamente entre 800-1000 kcal/dia por residuos gastricos elevados
y suspensiones temporales de la perfusion de nutricion enteral. ;Qué estrategia de soporte nutricional nos hemos de
plantear a continuacion?
— Colocacion de una sonda pospildrica; inicio de nutricion parenteral, manteniendo la nutricion enteral, para alcanzar

los requerimientos (ambas ciertas)

76 78

(Contina en pagina siguiente)

[Nutr Hosp 2021;38(3):436-445]



BENEFICIOS DE UN PROGRAMA DE FORMACION Y DE UN ALGORITMO CLINICO DE SOPORTE NUTRICIONAL MIXTO 443
PARA MEJORAR LA NUTRICION DEL PACIENTE CRITICO: ESTUDIO ANTES-DESPUES

Tabla Ill (Cont.). Resultados del cuestionario antes y después de la formacion y aplicacion
del algoritmo de soporte nutricional mixto para las opciones correctas de cada item

Antes | Después
% %

items del cuestionario y respuesta correcta

27. Paciente de 75 kg en el que al 5.° dia de estancia en la UCI con estabilidad hemodinamica, al analizar la gréfica,
objetivamos que presenta un volumen residual gastrico > 500 cc pese a los procinéticos, y que en los dos dias
anteriores su ingesta se ha limitado a 800 kcal (suma de nutricion enteral + sonda gastrica + propofol). ;Cual seria
su actitud?

— Bajar el ritmo de nutricion enteral, mantener los procinéticos, afiadir soporte nutricional mixto hasta alcanzar
objetivos

82 92

28. Para el soporte nutricional mixto, el aporte de nutricion parenteral debe ser:
— Individualizado, pudiendo escoger cualquier tipo de nutricion parenteral que se ajuste a los requerimientos 83 93
(tricameral, estandarizada en campana o a la carta)

29. ¢Cual de estas no es una complicacion de la sobrenutricion en el paciente critico?

— Aumento de la capacidad fagocitica de los neutrofilos. 46 68

30. Una vez iniciado el soporte nutricional mixto: ¢Qué debemos hacer a continuacion?

— Realizar analiticas de control con funcién hepatica y renal, ionograma y parametros nutricionales; monitorizacion
diaria del aporte caldrico y proteico, teniendo en cuenta la nutricion enteral, la nutricion parenteral, los sueros y 91 97
posibles farmacos; ajustar el aporte en bolsa de nutricion de forma diaria en funcion del punto anterior, revalorando
siempre su posible retirada (las tres son ciertas)

100 9%
2
- L 8% 6%
17% a% 105 10%
4%
14%
80 2% %
20%

35%
2%

60 — 24%

2% -9%
-2%

Porcentaje de respuestas

7% 3% 8%

Antes
20 - = ™ Despuis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

items del cuestionario

Figura 1.

Variacion de los porcentajes de respuestas correctas para cada item del cuestionario tras la formacion e implementacion del algoritmo de
soporte nutricional mixto.

Con respecto a la monitorizacion del soporte nutricional, la porcentaje de respuestas correctas que, ademas, mejora tras la
mision de la enfermeria y la transversalidad del proceso, asi como formacion.
la importancia de monitorizar la nutricion del paciente critico, son Se ha observado un mal conocimiento del sindrome de rea-
cuestiones bien fijadas (items 17, 18 'y 22) con un muy buen limentacion, con porcentajes de respuestas correctas del 35 %
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y el 59 % antes y después de la formacion, respectivamente.
En este aspecto, un 42 % de los encuestados creian que dicho
sindrome cursa con niveles altos de fosfato en sangre, porcentaje
que disminuye al 19 % tras la formacion. En este sentido, un
39 % de los participantes opinaba que la hipofosfatemia no es
una complicacion de la sobrenutricion del paciente critico, aunque
este porcentaje disminuyo (25 %) tras la formacion. Las respues-
tas correctas sobre que el aumento de la capacidad fagocitica
de los neutrofilos no es una complicacion de la sobrenutricion
aumentaron del 46 % al 68 %.

Los resultados de este estudio son dificiles de comparar, ya que
se han publicado escasos trabajos de intervencion en el ambito de
la nutricion del paciente critico. En un estudio prospectivo liderado
por la enfermeria y efectuado en 42 pacientes ingresados en una
UCI de un hospital de Oslo, asignados a un grupo de intervencion
(n=21)y aun grupo control (n = 21), se evaluaba la aplicacion
de un algoritmo nutricional con el objetivo diana de 30 kcal/kg/
dia y un soporte nutricional implementado a las 24 h del ingreso
en la UCI, comparandose los datos recogidos en los dos grupos
del estudio durante 2 meses antes y 2 meses después de la inter-
vencion (27). Los pacientes asignados al grupo de intervencion
recibieron significativamente mayores cantidades de nutrientes
que los pacientes del grupo de control, asi como mayor proporcion
de nutrientes en forma de NE, con mejoria en las practicas de
aspiracion del contenido gastrico y la tasa de incremento de la
NE. En otro estudio prospectivo efectuado en el Servicio de Medi-
cina Intensiva de Hospital Universitario 12 de Octubre de Madrid,
disefiado en tres fases (observacion, elaboracion de propuestas
y difusion, y analisis de la implantacion del proceso de mejora) y
con la participacion de 110 pacientes en la primera fase y 119 en
la tercera, se incrementd el aporte proteico y la utilizacion de la
nutricion enteral, pero sin diferencias en el tiempo de inicio o
la duracion de la misma (13). A diferencia de nuestro trabajo,
ninguno de estos dos estudios tenia como objetivo el SNM. En
una revision descriptiva reciente de Lambell y cols. (28) sobre la
terapia nutricional en el paciente critico tampoco se aborda el
SNM, pero se presentan datos de estudios interesantes sobre
nutricidn en subgrupos especificos (pacientes desnutridos, obe-
508, no ventilados mecanicamente), asi como tras al alta de la UCI.

Los resultados del presente estudio deben interpretarse
teniendo en cuenta algunas limitaciones, como la disminucion
del nimero de participantes que completaron la encuesta tras
la intervencion, lo que podria deberse a la rotacion del personal,
a la carga asistencial o a los meses asignados para completar
la encuesta. Ello, por otra parte, reforzaria aun mas las mejoras
obtenidas. Los datos no se han analizado estadisticamente y, por
tanto, las estimaciones de los efectos cuantitativos son meramen-
te descriptivas. Tampoco se puede excluir el sesgo de informacion
en funcion de la habilidad docente de cada formador. No obstan-
te, el caracter multicéntrico del estudio, con la participacion de
19 UCI distribuidas en diferentes territorios del pais, ofrece una
aproximacion real a la problematica del SNM en el paciente critico.

En resumen, la formacion y el disefio del algoritmo de actua-
cion en el SNM han logrado una sélida consolidacion de los
principales conceptos de esta estrategia. Algunos aspectos refe-

M. L. Bordejé et al.

rentes a como manejar al paciente desnutrido, como identificarlo
y qué tipo de nutricion pautar desde el inicio del ingreso en
la UCI, los aportes nutricionales en situaciones especiales y el
seguimiento de posibles complicaciones como la realimentacion,
son areas en las que convendria insistir para disefiar estrategias
formativas especificas.
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Abstract

Introduction: insufficient and/or unhealthy total fluid intake (TFI), especially in the early stages of life, may have a negative impact on health.

Objective: to assess the current patterns of fluid consumption in children and adolescents in Spain, including drinking occasions and locations
(e.g., at home or at school), and to compare TFl with adequate intake (Al) of water from fluids as recommended by the European Food Safety
Agency (EFSA).

Methodology: a Spanish cross-sectional study was performed assessing TFI from all sources of fluid consumption according to drinking occa-
sions during the day and location, using a validated liquid intake 7-day record (Lig.in"). Data collection occurred between April and May, 2018.
A sample of 146 (63 % boys) children (4-9 years old) and adolescents (10-17 years old) was included. Parents reported such information when
children were under 16 years.

Results: a high proportion of children and adolescents did not meet EFSA-derived reference values for fluid intake (73 % and 72 %, respectively).
Forty percent of children and about 50 % of adolescents consumed at least one serving of sugar-sweetened beverage (SSB) per day, while
about 20 % consumed only one or less servings of water per day. Consumption during the main meals was most important for both children and
adolescents (representing 50 % and 54 % of T, respectively), and was mainly driven by water (62 %). Consumption at home in children (70 %
of TFl) was made of water (47 %). In the same way, at school, water contributed to half intake. However, adolescent girls at school drink more

Keywords: SSBs (41 %) than water (34 %), the former being the most consumed fluid. At other locations, adolescent boys also drink more SSBs (51 %) than
N either water (29 %) or milk and derivatives (10 %).

Eﬁﬁélﬂi#ﬂ(}ake Conclusion: the drinking habits of Spanish young populations are far removed from current recommendations because of a low fluid

adolescents. intake, specifically water, and a high proportion of SSB consumption in children and adolescents. Interventions to ensure that EFSA TFI

European Food Safety recommendations are met are of special importance for children and adolescents, with — according to our results — a special focus on

Authority. male adolescents.
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Resumen

Introduccion: la ingesta total de liquidos insuficiente o poco saludable, especialmente en las primeras etapas de la vida, puede tener un impacto
negativo sobre la salud.

Objetivo: evaluar el patrén actual de consumo de liquidos en nifios y adolescentes en Espaiia, incluyendo el ndmero de veces y los lugares
para beber, y comparar la ingesta total de liquidos con la ingesta adecuada establecida por la Agencia Europea de Seguridad Alimentaria (EFSA).

Metodologia: estudio transversal que evalud la ingesta total de liquidos utilizando un registro validado de ingesta de liquidos de 7 dias (Lig.in?).
Se realiz entre abril y mayo de 2018, incluyendo una muestra de 146 nifios de 4 a 9 afios y adolescentes de 10 a 17 afios espafioles (63 %
varones). Los padres detallaron dicha informacion en caso de que los nifios fueran menores de 16 afios.

Resultados: una alta proporcion de nifios y adolescentes no cumplian con los valores de referencia de la EFSA para la ingesta de liquidos (73 %
y 72 %, respectivamente). EI 40 % de los nifios y aproximadamente el 50 % de los adolescentes consumian al menos una porcion (250 ml) de
bebidas azucaradas por dia, y el 20 % consumian una porcién o menos de agua al dia. Durante las comidas principales se consumia la mayor
cantidad de liquidos tanto en los nifios como en los adolescentes (representando el 50 % y el 54 % de la ingesta total de liquidos, respectiva-
mente), principalmente agua (62 %). EI consumo de los nifios en el hogar (70 % de la ingesta total de liquidos) también consistia principalmente
en agua (47 %). Del mismo modo, en la escuela, el agua contribuia a la mitad de la ingesta. Sin embargo, los adolescentes en el instituto bebian
mas bebidas azucaradas (41 %) que agua (34 %). En otros lugares, los adolescentes varones también bebian mas bebidas azucaradas (51 %)
que agua (29 %) o leche y derivados (10 %).

Conclusion: de acuerdo con nuetros resultados, la poblacion joven espafiola no cumple las recomendaciones actuales tanto por presentar una
baja ingesta total de liquidos como por realizar un alto consumo de bebidas azucaradas. Es importante que las intervenciones que intenten mejorar
la ingesta de liquidos en los nifios y adolescentes basen sus objetivos en alcanzar los valores de referencia de la EFSA con un enfoque especial,
seguin nuestros resultados, consistente en mejorar los comportamientos de ingesta de liquidos en los adolescentes varones.

INTRODUCTION

Water is the most basic requirement of all living beings, ensur-
ing the maintenance of normal physical and cognitive functions
(1). Insufficient fluid intake has been associated with adverse
health effects in adults (2), (EI-Sharkawy, 2015, Acute and chronic
effects of hydration status on health;Perrier, 2020 #42)and with
cognitive impairment in children (3). Childhood is an important
period for the adoption of healthy habits, including those related
to total fluid intake (TFI), as adopting healthy dietary habits during
childnhood can facilitate their maintenance through adulthood (4).
Besides, drinking sugar-sweetened beverages (SSBs) instead of
water has been widely associated with an increase in body fat, and
classified as one of the most important risk factors for overweight
and obesity during childhood (5-7).

Age- and sex-specific reference values for an adequate intake
(Al) of water have been established by the European Food Safety
Authority (EFSA) (8). Specifically, the EFSA Al for total water (i.e.,
water coming from both foods and beverages) is set at 1600 mL/
day for boys and girls aged 4-8 years, and at 1900 mL/day for
girls and 2100 mL/day for boys aged 9-13 years. Adolescents over
14 years of age are considered as adults, with Als set at 2000 and
2500 mL/day for women and men, respectively. Aithough EFSA
Als are based on total water, it is estimated that roughly 20 %
of water intake comes from solid foods, while the majority, or
roughly 80 %, comes from beverages and drinking water. Thus, it
is possible to approximate the Al for water from fluids as 80 % of
the dietary reference values mentioned above. These reference
values only apply in moderate environmental temperatures and
at moderate physical activity levels, so specific conditions must
be carefully considered.

Unfortunately, some studies have shown that a high propor-
tion of children and adolescents do not drink enough to meet an
adequate water intake (9). A cross-sectional survey conducted
in 13 countries worldwide determined that more than fifty per-
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cent of the whole study population were at risk of inadequate
fluid intake (10). Moreover, a survey performed in children and
adolescents in Latin America, Europe, and Asia concluded that
plain water accounted for less than half of TFl, and indicated
a prevalent consumption of caloric fluids including juices (11).
A recent study in 27 cities in China concluded that only 45 %
and 36 % of children and adolescents met the Als for total fluid
intake set by the Chinese Nutrition Society (12), and ranked SSB
consumption among the top three sources of fluid intake, together
with water and milk (13). Another study performed in Indonesia
observed that water was the most frequently consumed drink;
however, 24 % of children and 41 % of adolescents consumed
at least one serving of SSB per day (14) (national cross-sectional
survey). Another study conducted in Latin America, whose partic-
ipants were children and adolescents, also observed that water
and SSBs were the most commonly consumed beverages in this
population (15) (national cross-sectional survey). Finally, in a very
recent review (16), 12 out of 24 studies reported a mean/median
water/fluid intake below recommended levels, while 4 out of 13
studies reporting hydration status indicated under-hydration based
on urine osmolality (greater than 800 mOsm.kg™).

While what children drink is well documented, far less is known
about their fluid intake patterns, including the beverages preferred
at different moments of consumption during the day, and the
beverages chosen for consumption inside or outside the home.
Understanding how fluid consumption may differ throughout the
day or as a function of location could help drive policy initiatives to
encourage healthier drinking habits. As few studies in Spain have
focused on the patterns of fluid consumption in young population
groups, the aim of our study was to assess the current patterns
of fluid consumption among children and adolescents in Spain,
including drinking occasions and locations (e.g., at home or at
school), and to compare their TFI with the adequate intake (Al) of
water from fluids as recommended by the European Food Safety
Agency (EFSA).
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METHODOLOGY

DESIGN AND STUDY POPULATION

The present analysis reports on a cross-sectional survey in
Spain, which was part of a recurring, multinational fluid intake
survey campaign using the Lig.In” questionnaire. The objective
of this survey was to assess all sources of fluid consumption,
including water and different types of beverages, and their
association with other lifestyle variables. The recruitment of par-
ticipants and further details of the populations included in this
analysis have been previously described (17). Briefly, a subsa-
mple of 167 (63 % boys) children and adolescents (4-17 years
old) were included between April and May, 2018. Participants
were recruited via an existing dataset and contacted electron-
ically using a quota-based sampling for age, sex and Nielsen
areas, in relation to the total country population and confirmed
by the National Statistical Institute (18). Recruitment was limited
to one individual per household. Participants who had a par-
ent or a caregiver who was illiterate, or working in a company
advertising, marketing, doing market research for, manufacturing,
distributing or selling different types of beverages were excluded
from participation, as these individuals might be more aware of
their fluid intake. Taking medication or suffering from a medical
condition (dialysis, heart diseases, etc.) requiring restricted fluid
intake, and following a specific diet were also exclusion criteria.
Coupons for free products were offered to parents or caregiv-
ers for taking part in the study. Each child’s parent or caregiver
consented to participate via an online questionnaire, and all data
were recorded anonymously.

ASSESSMENT OF FLUID INTAKE AND OTHER
VARIABLES

Participants or their parents reported all their fluid intake by
completing the Lig.In” questionnaire, a 7-day fluid-specific record
previously validated for accuracy and reliability (19), every time
they drank something (any drink; e.g., water, beverages, cold and
hot drinks, alcohol) for a period of 7 continuous days. For children
and adolescents under the age of 16 years a single parent was
responsible for completion of the questionnaires. The participants
or their parents could fill in the questionnaire up to 48 hours from
the actual time of drinking.

The Lig.In" record is structured according to different times of
day from awakening, mealtimes (breakfast, lunch, dinner), in-be-
tween meal times (morning, just before lunch, afternoon, evening,
just before going to bed), until bedtime. The participant or their
parent received instructions to report everything they drank at any
moment of the day with the following details: fluid type, volume
consumed, size of the container used when they were drinking,
where the beverage was consumed, and whether food was also
consumed, but the specific type of food was not reported.

In addition to the fluid intake assessment, other variables and
lifestyle indicators were also evaluated, such as socioeconomic
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characteristics, region, habitat (urban or rural classification), and
parental education level.

CLASSIFICATION AND ANALYSIS OF FLUID
TYPES

The included fluid items were: water (tap water, filtered tap
water, natural mineral water, sparkling natural mineral water, foun-
tain water); hot beverages (coffee, coffee with milk, espresso with
a drop of milk, cappuccino, tea and other infusions and hot bev-
erages); milk and derivatives (milk, milkshakes, milkshakes with
juice, liquid yogurt, other milk drinks); sugar-sweetened beverages
(SSB) (carbonated soft drinks (CSD), juice-based drinks includ-
ing nectar, nectar without added sugar, water with juice, other
juice drinks, functional beverages including energy drinks, sport
drinks, functional water, flavored water, ready-to-drink (RTD) tea
and coffee); 100 % fruit juices; artificial/non-nutritive sweetened
beverages (A/NSB) (light/zero/sugar-free drinks); other beverag-
es (beverages based on soluble cereals). Total fluid intake was
defined as the sum of all these categories. For the analysis, 100 %
of fruit juices, A/NSBs, alcoholic beverages, and other beverages
were combined under ‘other fluid types’.

Individual mean daily TFl was compared with the EFSA-derived
Al for water coming from fluids (8). The number of individuals
drinking < 1 serving (250 mL) of SSB per week, 2-6 servings
of SSB per week and > 1 serving of SSB per day was analyzed.
These cut-offs are based on meta-analyses showing that such
amounts of SSB are associated with potential risks for the devel-
opment of metabolic diseases (6,7,20).

STATISTICAL ANALYSIS

Participants who did not complete the full 7-day record, or who
reported a mean daily total fluid intake below 400 mL or higher
than 4 L/day for children below the age of 14 years, and higher
than 6 L/day for children aged 14 to 17 years, were excluded from
the present analysis (n = 21). The demographic and anthropomet-
ric characteristics of the study population are presented as either
mean and standard deviation (21) for continuous variables, or as
number and percentage for dichotomous variables. Intake data are
skewed, therefore TFI are presented as median and percentiles;
mean and standard error of the mean (SEM) are provided for
completeness. The intake of different fluid types is also presented
as median, 25" and 75" percentiles. The intakes of each fluid type
according to drinking occasions and locations are presented as
percentage of TFI.

Drinking occasions were classified into three categories: 1)
meals, meaning that the act of drinking occurred during a main
meal (breakfast, lunch or dinner); 2) snack, meaning that the act
of drinking occurred with food but outside a main meal; 3) outside
meal, meaning that the act of drinking occurred outside a main
meal and without any food (a stand-alone drinking occasion). Loca-
tions were classified into three categories: 1) at home, 2) at school

[Nutr Hosp 2021;38(3):446-457]
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(including cafeterias), and 3) other locations such as restaurants/
bars/pubs, transportation, a friend’s or acquaintance’s home, sports
venue, shopping center, street, park, hotel, hospital, etc.

Wilcoxon’s signed-rank test was used to compare medians of
total fluid intake between sexes. Statistical analyses were per-
formed using the Statistical Package for the Social Sciences soft-
ware, version 22.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

SAMPLE DESCRIPTION

Table I shows the characteristics of the sample. In both age cat-
egories, girls were underrepresented as compared to boys (42 %

449

and 33 %, respectively, for subjects aged 4-9 years and 10-17
years). The mean ages of the two groups were 6.4 + 1.8 years
for children and 13.2 + 2.3 years for adolescents. The distribution
of the sample across the geography of Spain was aligned with
the current population density map of the country, with Andalusia,
the Mediterranean area, and areas around Madrid and Barcelona
being those most represented. More than half of the sample in
both age categories had parents with university degrees.

DAILY TOTAL FLUID INTAKE

The reported TFIs per age group and sex are shown in table I
there were no significant differences by sex or by age. Total medi-
an (25"-75" percentiles) values for the two age categories were

Table I. Descriptive characteristics of the survey population (n = 146), by age

4-9 years 10-17 years
Sample size* 65 (44 %) 81 (56 %)
Females 27 42 % 27 33 %
Males 38 58 % 54 67 %
Age! 6.4 1.8 13.2 2.3
Parental educational level*
University Bachelor/Graduate Degree 16 25 % 15 19 %
Elementary Baccalaureate 4 6 % 10 12 %
Postgraduate Degree 27 42 % 33 41 %
Higher Baccalaureate/Preparatory 9 14 % 15 19 %
Primary education 1 2% 2%
Vocational training 8 12 % 7%
Preferred not to answer 0 0% 0%
Regional areas*
Area 1: Catalonia-Aragon 1 2% 2 2%
Area 2: Levante 15 23 % 17 21 %
Area 3: South 15 23 % 14 17 %
Area 4: Center 2 3% 7 9%
Area 5: North-Center 9 14 % 16 20 %
Area 6: Northwest 5 8 % 1 1%
Area 7: Metropolitan Area of Barcelona 6 9% 12 15%
Area 8: Metropolitan Area of Madrid 12 18 % 12 15%
Annual Household Income™
Under € 10 000 5 8% 1%
€10000to €15 000 3 5% 4 %
€15 001 to €20 000 9 14 % 7%
€20 001 to €30 000 16 25% 25 31%
€30 001 to €40 000 10 15 % 12 15 %
€40 001 to €60 000 14 22 % 18 22 %
more than € 60 000 4 6 % 4 5%
Preferred not to answer 4 6 % 12 15%

‘Data are expressed as numbers (percentage for categorical variables). 'Data are expressed as mean + SD for continuous variables.
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Table Il. Daily total fluid intake (mL/day) among children (4-9 years)
and adolescents (10-17 years) by sex
Age Sex TFI Percentiles Sex Age
group Mean + SEM 5 10 25 50 75 90 95 | differences* | differencest

Total 1184 + 67 555 609 758 | 1109 | 1424 | 1936 | 2124

4-9 years Females 1133 + 85 584 614 748 | 1108 | 1339 | 1934 | 2058 NS
Males 1220 + 99 519 580 782 | 1124 | 1477 | 1985 | 2591 NS
Total 1321 + 68 518 690 849 | 1181 | 1773 | 2206 | 2299

10-17 years | Females 1374 + 128 520 714 849 | 1181 | 1805 | 2087 | 3055 NS
Males 1294 + 80 499 650 790 | 1177 | 1682 | 2249 | 2343

TFI: total fluid intake; SEM: standard error of the mean, NS: not statistically significant. “Wilcoxon's test was performed to compare medians between sexes. 'Wilcoxon's

test was performed to compare medians between age groups.

1109 (758-1424) and 1181 (849-1773) mL/day for subjects
aged 4-9 years and 10-17 years, respectively.

COMPARISON WITH EFSA REFERENCE
VALUES

Figure 1 shows the proportion of participants consum-
ing < 50 %, 50-75 %, 75-100 %, and > 100 % of the Al of
water from fluids derived from the EFSA Al for total water (22).
Seventy-two percent of children and 73 % of adolescents failed to
meet the TFI Als derived from the EFSA reference values. Among
children, females were less likely to meet the Als than males

(22 % and 32 %, respectively), while the opposite was observed
among adolescents, with females more likely to achieve the EFSA
Al of water from fluids than adolescent males (41 % and 20 %,
respectively). One third of adolescent males consumed < 50 %
of the Al of water from fluids, compared to 11 % for adolescent
females.

DAILY INTAKE OF DIFFERENT FLUID TYPES

Median daily intake of the different fluid types is shown in
table Il by age category and sex. Water was the most commonly
consumed beverage, both in males and females, across both age

&

o

<+

<1

S

=

m<50% Al m350-75% Al 75-100% Al = >100% Al

Figure 1.

Percentage (%) of participants according to adherence to EFSA Al recommendations for water from fluids among children (4-9 years) and

adolescents (10-17 years). Al: adequate intake.

Als for water from fluids were derived from the EFSA Als for total water, assuming that 80 % of total water comes from water and other
beverages: thus, the Als for water from fluids were set at 1.28 L/d for girls and boys aged 4-8 years; 1.52 and 1.68 L/d for girls and boys,
respectively, aged 9-13 years; and 1.6 and 2.0 L/d for girls and boys, respectively, aged 14 years and older.
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0
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0
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and adolescents (10-17 years)
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636
356
429
449

377
47

214

118

Females
249
0
0
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4-9 years

Median | P25
448
7
249
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189
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465
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311
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203

94

Total
319
0
23
201

71

47

470
94
198

Median | P25
311

170
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Table lll. Median (P25-P75) daily intake (mL/day) of different fluid types by gender among children (4-9 years)

Bottled water
Milk & derivatives

Tap water
SSB

Water

CSD

Juice-based drinks
Flavored water

Functional beverages
RTD tea & coffee

Hot beverages

Other fluid types
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SEM: standard error of the mean, SSB: sugar-sweetened beverages, CSD: carbonated, sweetened drinks; RTD: ready-to-drink.

groups, representing 470 (319-691) mL/day in children and 496
(308-805) mL/day in adolescents. Water was followed by milk and
derivatives, and by SSBs in both age groups. Together, these three
categories accounted for an average of 95 % and 88 % of TFl in
children and adolescents, respectively. Median intake of other fluid
types is the combination of 100 % fruit juices, A/NSB and other
beverages to make reading easy because the volume consumed
of each of this specific fluid types was very low.

Table IV shows that most of the children and adolescents drank
2 or more servings of SSB per week (89 % and 95 %, respec-
tively), and that 40 % of children and almost 50 % of adolescents
drank > 1 serving per day. When comparing males and females,
a higher proportion of males drank 1 or more than 1 serving of
SSB per day in both age groups. Around 20 % of both children
and adolescents drank less than 1 serving of water per day, with
a higher proportion of females consuming less than 1 serving
compared to males.

FLUID INTAKE ACCORDING TO DRINKING
OCCASIONS

The volume and contribution of the different fluid types to TF
according to occasions are shown in figure 2, while the median
intakes are shown in table V.

Fluid intake during meals

In both children and adolescents, the largest proportion of TFI
was consumed during main meals (representing 50 % and 54 %
of TFI, respectively). During main meals, water was the main con-
tributor to TFI regardless of age or sex (62 % overall). There was
no significant difference in the volume of water consumed at main
meals between children (288 (195-514) mL/day) and adolescents
(401 (243-625) mL/day). In children, water consumption tended
to be a larger contributor for males compared to females (66 %
and 60 %, respectively); while in adolescents, water consumption
was a larger contributor for females compared to males (68 %
and 58 %, respectively).

When focusing on SSB contribution, juice-based drinks were
the most popular drinks in children at all drinking occasions com-
pared to other types of SSB. In adolescents, juice-based drinks
remained the first contributor to SSB, but we observed an increase
of CSD contribution when compared to children, with a similar
contribution of juice-based drinks during meals (6 %).

Fluid intake during snack occasions

Overall, 25 % of TFI occurred during snack occasions (27 %
and 23 % of the TFl among children and adolescents, respective-
ly). In contrast to meals, where water was the dominant beverage,
the consumption of milk and derivatives (54 % and 41 % of TFl,
respectively) dominated during snack occasions, representing a
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Table IV. Percentage (%) of children (4-9 years) and adolescents (10-17 years) by category
of SSB consumption, and percentage consuming less than one serving of water daily

SSB Water
Gender = = = =
0-1 serving/week | 2-6 serving/week > 1 serving/day < 1 serving/day
Total 7 (11 %) 32 (49 %) 26 (40 %) 12 (18 %)
4-9 years Females 2 (7 %) 15 (56 %) 10 (37 %) 7 (26 %)
Males 5(13 %) 17 (45 %) 16 (42 %) 5(13 %)
Total 4 (5 %) 37 (46 %) 40 (49 %) 14 (17 %)
10-17 years Females 1(4 %) 15 (56 %) 11 (41 %) 6 (22 %)
Males 3(6%) 22 (41 %) 29 (54 %) 8 (15 %)

SSB: sugar-sweetened beverages.

800
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Meal Snack Outside meal Meal Snack Outside meal
4-9 years 10-17 years
u Water B Milk & derivatives ' Hot beverages W S5B
B 100% fruit juices A/NSB W Other beverages

Figure 2.

Volume (mL/day) and contribution (%TFl) of each beverage group to total fluid intake per drinking occasion in children (4-9 years) and ado-
lescents (10-17 years). SSB: sugar-sweetened beverages; A/NSB: artificial/non-nutritive sweetened beverages.

higher contribution to TFI than SSB (22 % and 29 %, respectively)
and water (18 % and 12 %, respectively).
Fluid intake outside of meal occasions

Beverages consumed outside of meals represented 24 % and
22 % of TFl among children and adolescents, respectively. Outside

meals, water was the main contributor to TFl for both age groups.
As during main meals, milk and derivatives, and SSB were the
following main contributors to TFl. We observed sex differences
among adolescents, with milk and derivatives playing a larger role
in females than in males. Specifically, in females, milk and deriv-
atives and SSB had a similar contribution to TFI (29 % and 26 %,
respectively), while in males SSB contributed to 27 % and milk
and derivatives to 17 % of TFI.
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SSB: sugar-sweetened beverages, CSD: carbonated, sweetened beverages; RTD: ready-to-drink.

FLUID INTAKE ACCORDING TO LOCATION

In figure Ill, the volume and contribution of fluid types according
to locations are shown, whereas median intakes (P25-P75) are
shown in table VI. In both children and adolescents, the largest
consumption of TFl was at home (representing 70 % and 79 %
of TFI, respectively). For children, water was the most common
beverage consumed at home (47 %), followed by milk and deriv-
atives, and SSB with no relevant differences between males and
females. In school, water contributed to half of TFI, followed by
SSB and milk and derivatives. No sex differences were observed.

These observations at school were similar to those at other out-
of-home locations. These trends were also found for adolescents
at every location with some exceptions: adolescent girls at school
drank more SSB (41 %) than water (34 %), and adolescent boys at
other locations, who reported a higher contribution of SSB (51 %)
than water (29 %) or milk and derivatives (10 %).

In terms of absolute volumes consumed, outside of the home
(i.e., at school or in other locations), children and adolescents
barely consumed water. Children in other locations (except school)
drank at least 1 glass of water (94 (19-163) mL/day).

DISCUSSION

There is increasing interest in the fluid consumption patterns
of mainly young populations due to its impact on physical (23)
and cognitive performance (24,25) and on body weight-related
disorders and their consequences (26). In this study performed
in Spanish children and adolescents, we observed that more than
70 % of children and adolescents do not meet the TFI Als derived
from the EFSA reference values (8). For both children and ado-
lescents, water was the most consumed beverage by males and
females, contributing to half of TFI, followed by milk and deriva-
tives and by SSBs. Collectively, these three beverage categories
reached up to 95 % of TFl and consistently represented the top
3 categories of beverage consumption across age, sex, occasion
(meals, snacks, out of meals), and location (home, school, other)
categories. The mean SSB intake observed in this survey pointed
at almost half of the population consuming SSB on a daily basis.
Additionally, some youths drink less than 1 serving (250 mL) of
water per day, especially at school. Most of fluid consumption
occurred at home (70 % and 79 % for children and adolescents,
respectively) and during the main meals, with around half of con-
sumption mainly driven by water across gender and age groups;
the rest of intakes were quite equally distributed between snacks
and out-of-meal moments. Water consumed during snack times
was low, with SSB intake being higher than water consumption.

Compared to the same survey methodology as performed in
2012 (10), mean TFl was strikingly lower than what was previously
reported in any of the sex/age categories (more than 500 mL low-
er than previously reported in male children or adolescents, and
approximately 400 mL lower in female children or adolescents).
Consequently, the percentage of non-adherence to EFSA-derived
adequate intakes is substantially higher than previously reported.
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Figure 3.

Volume (mL/day) and contribution (%TFI) of each beverage group to total fluid intake per drinking location in children (4-9 years) and adolescents
(10-17 years). SSB: sugar-sweetened beverages; A/NSB: artificial/non-nutritive sweetened beverages.

While children aged 4-9 showed a higher level of compliance
with EFSA-derived Als (8) compared to adolescents in a 2015
publication, the current study shows this is no longer the case.
Moreover, female children aged 4 to 9 years adhered less to
EFSA-derived Al values than males, while in adolescents the oppo-
site was observed, with females being more likely to consume
adequate fluids than males. Similar findings were observed in
a Spanish survey performed in 2012, as well as in other coun-
tries such as in Indonesia, Turkey, and Mexico (10). A potential
explanation, could be that boys of younger age are more likely
to perform activities that require more energy expenditure than
girls of the same age (27), whereas adolescent girls are normally
more worried about their health and might try to be well hydrated
(28). The very low differences in fluid consumption between age
groups are striking. For instance, specifically, TFl both at snack
times and outside meals did not differ between children (314
and 278 mL, respectively) and adolescents (310 and 294 mL,
respectively). Despite having a larger body size and presumably
higher water needs, and despite higher EFSA Als for water intake,
male adolescents did not consume more water than their younger
counterparts, so this might be of concern from a physiological
point of view since their hydration needs are presumably higher.
The difference observed between male adolescents and male

children is slightly supported by other European studies show-
ing a decrease in milk intake between childhood and adoles-
cence (29,30). Both children and adolescents have lower intakes
of water and of milk and dairy products when compared to a
survey published in 2015 (11). This observation is supported by
some other surveys showing that milk consumption by children is
decreasing over time (30-32). Contrary to what has been shown
in other surveys (33,34), this decrease in milk consumption is
accompanied by a very slight increase in the consumption of
sugar-sweetened beverages. In Europe, adolescents consume
more SSBs than older adults and younger children, and there is
also some grey literature suggesting children as young as one
year old are already consuming SSBs (35).

The intake according to drinking occasions was also observed
in a 2014 publication, with 54 % of fluid consumption occurring
during main meals, mainly driven by water (17).

SSB consumption raises concerns given their negative effects
on children’s health (7,20,36), and this applied to the Spanish pop-
ulation, where an increment in soft drink consumption by 100 mL
has previously been associated with a 0.21 kg/m2 increase in
BMI (37). In addition, the WHO Childhood Obesity Surveillance
Initiative (COSI) observed that the prevalence of obesity among
the Spanish population is in the highest level of child obesity with

[Nutr Hosp 2021;38(3):446-457]
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SSB: sugar-sweetened beverages, CSD: carbonated, sweetened beverages, RTD: ready-to-drink.

approximately 1 in 5 boys, as is also the case in other southern
European countries (38). Therefore, more public health policies
are needed to slow down and, hopefully, reverse this obesity rate.
Of particular concern is the apparently continued rise in SSB
consumption among the Spanish and other European popula-
tions (increase by 1.2 % in soft drink sales in the EU between
2017 and 2018) (39), whereas we observe a tendency towards a
decrease in SSB consumption in other countries such as the USA
(40,41). Recent results regarding the effects of SSB taxation in
Catalonia, which was introduced on May 1, 2017, have shown a
reduction in the consumption of such products (42-44). For now,
taxes have been implemented in several countries but the effects
on the population’s health status have not been examined yet. A
recent meta-analysis observed that taxes on SSB reduced also
sales and consumption (45). Moreover, some health economic
modelling studies suggests promising results of SSB taxes’ effect
on overweight and obesity (46-49).

In Spain, the average sugar content of SSBs is 10 g per 100
mL, representing 100 kcal (50). Knowing that the estimated, rec-
ommended daily energy intake of children and adolescents is
about 1800 and 2500 kcal, respectively (51), the consumption
of SSBs on a daily basis represents 5.5 % and 4 % of the total
energy intake. This observation shows that with only one serving
of SSB per day, youths already complete half of the 10 % individ-
ual’s daily calorie intake coming from added sugars (any sources
of sugar, not only from beverages) recommended by the WHO (52).

In addition to SSB-related concerns, the very low water intake
seen both in children and adolescents, especially at school, is
particularly of concern knowing the importance of good hydration
on cognition, especially when these subjects spend most of their
day at school (24). Therefore, school-based interventions can play
a key role in creating a water-friendly environment for children
and adolescents (53). In a certain way, parenting role modelling
and controlling home beverage availability may have an impact on
the beverage intake behaviors of children (54) when some studies
showed that when there were more SSBs available in the home or
school environment, children also consume more (55-57). These
specific drinking occasions and snack times, because of their low
contribution to TFI, might suppose a window of opportunity for
substituting water for SSBs and for adding water as a target for
future nutritional interventions in young populations.

The most important strength of this study is that the method
used to evaluate fluid intake was previously validated for accu-
racy and reliability (19), even if this validation was performed in
an American adult population. Besides, the collection of 7-day
records of fluid consumption, providing a representation of a full
week and capturing all drinking occasions, may also be consid-
ered an important strength (19). A similar survey published in
2015 was also performed under similar conditions and during a
similar period of the year, so both may be comparable (11).

However, there are also a number of limitations, mainly related
to the data collection performed at school and the sampling meth-
od. For the majority of children, a parent was the person respon-
sible for filling in the questionnaire, and thus it is likely that fluid
intake at school was underestimated since children would need
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to be able to accurately report to their parents what they drank
at school upon returning home. The questionnaire for measuring
total daily fluid intake has been validated as accurate against a
gold standard for water turnover (19), but this validation did not
assess the accuracy of the questionnaire at specific locations.
Inaccuracies between child recall and parent reporting may be
one reason for the very low fluid intake reported at school; how-
ever, this low fluid intake is also consistent with other reports in
several countries (58,59). The participants were recruited as being
part of a database; only individuals having a telephone number
were included. Therefore, very low socioeconomic groups could
be underrepresented, which may be deducted from the distribu-
tion of educational levels among participating parents. Due to the
methodology used, with parents/caregivers reporting intakes for
children under 16 years of age, consumption may be under- or
over-estimated. It should also be acknowledged that no biomark-
ers of hydration were measured, therefore no conclusions related
to the hydration status of children are possible. Furthermore, the
fact that the sample was not very large may also represent a
limitation.

CONCLUSION

This study provides valuable information on fluid intake in a
selected sample of Spanish children and adolescents. In com-
bination with previously published data, this most recent survey
reiterates the fact that a very low percentage of children and ado-
lescents are drinking liquids adequately. This situation is especially
relevant for adolescent boys whose consumption is similar to the
one of their younger counterparts while their hydration needs are
different. In parallel, the message of the importance of increasing
water intake is a necessity as results showed children and adoles-
cents drinking less water than previously with no change in SSB
consumption. This behavior, at a time in life when consumption
habits are defined that will persist into adulthood, may lead to
an increased risk of developing overweight and obesity. It seems
that there is a window of opportunity mainly at snack times and
outside the meals for changing the pattern of drinking beverages
by substituting water for SSBs or by just helping children and
adolescents to drink more water at this specific occasions, as
well as in other locations other than home. Future research should
focus on longitudinal tracking of well-defined populations and
study the influence of parental and peers modelling to determine
those at higher risk and to provide adequate tools for prevention
and intervention in order to slow down the current tendencies in
drinking fluids among young population groups.
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Resumen

Objetivo: determinar la relacion existente entre la percepcion de soledad, felicidad y salud, y la calidad de la dieta, observando el rol moderador
del estado ponderal en escolares de primaria durante el estado de alarma decretado por la COVID-19.

Métodos: estudio descriptivo transversal de una muestra de 116 escolares espafioles. Las percepciones de soledad, felicidad y salud se
valoraron mediante tres items del cuestionario Health Behavior in School-aged Children. La calidad de la dieta mediterranea se valoré a través
del cuestionario Indice de calidad de la dieta mediterrénea en nifios y adolescentes. Las variables antropométricas se recogieron a través de un
cuestionario autoinformado y para el célculo del indice de masa corporal se empled el indice de Quetelet (kg/m?).

Resultados: el andlisis descriptivo no mostrd diferencias en la percepcion de soledad, felicidad y salud, la calidad de la dieta, y las variables
antropométricas (p > 0,005), a excepcion del peso (p < 0,005), segun el sexo. El andlisis inferencial mostré que los valores mas elevados en
la calidad de la dieta se correlacionan con valores mas altos en la percepcion de felicidad y de salud (p < 0,005). Por su parte, la prueba de la
regresion lineal mostr asociacion entre la calidad de la dieta y la percepcion de felicidad tras ajustarse el modelo al normopeso (R? = 0,382;
p < 0,005). Asimismo, mostré una asociacion significativa entre la calidad de la dieta y la percepcion de salud tras ajustarse el modelo a los
escolares con sobrepeso (R? = 0,455; p < 0,005).

Conclusion: la asociacion entre la percepcion de salud y de felicidad con la calidad de la dieta parece estar moderada por el estado del peso.

Abstract

Aim: to determine the relationship between perceived loneliness, happiness, and health, and quality of diet, observing the moderator role of
weight status in elementary school children during the state of alarm decreed for COVID-19.

Methods: a descriptive, cross-sectional study in a sample of 116 Spanish schoolchildren. The perception of loneliness, happiness, and health
was assessed using three items of the Health Behavior in School-aged Children questionnaire. The quality of their Mediterranean diet was
assessed using the Mediterranean Diet Quality Index quetsionnaire for children and adolescents. Anthropometric variables were collected through
a self-reported questionnaire, and for the calculation of body mass index the Quetelet index (kg/m?) was used.

Results: the descriptive analysis showed no differences in the perception of loneliness, happiness, or health, quality of diet, or anthropometric
variables (p > 0.005), except for weight (p < 0.005), according to sex. The inferential analysis showed that higher values in quality of diet are
correlated with higher scores in perceived happiness and health (p < 0.005). In turn, the linear regression test showed an association between
quality of diet and perception of happiness after the model was adjusted for normal weight (R* = 0.382; p < 0.005). Likewise, it showed a significant
association between quality of diet and perception of health after the model was adjusted for overweight schoolchildren (R* = 0.455; p < 0.005).

Conclusion: the association between perceived health and happiness with quality of diet seems to be moderated by weight status.
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INTRODUCCION

La pandemia de COVID-19, hecho inesperado, se ha constituido
en un factor estresante que impacta en todos los niveles de la
vida, incluyendo la salud mental, especialmente por las medidas
de emergencia sanitaria de cuarentena, confinamiento y distan-
ciamiento social (1,2).

La investigacion en epidemiologia social muestra que, dado que
somos seres sociales, la comorbilidad de las enfermedades fisicas
y los trastornos mentales es mas alta especialmente en aquellos
que tienen una mayor percepcion de soledad, debido a la falta o
ausencia de relaciones sociales positivas (3). No obstante, algu-
nos escolares pueden sentirse solos a pesar de tener contacto
social frecuente, mientras que otros con contacto infrecuente no
se sienten solos. Por ello, la soledad es la experiencia subjetiva
de estar solo, relacionada con la discrepancia entre la frecuencia
deseada y la real del contacto social (4).

Ante esta situacion es importante subrayar el importante papel
que juega la cognicion de un escolar como mediador, ya que
un escolar puede preferir estar solo y sentirse feliz y conectado,
mientras que otro puede estar rodeado de amigos y sequir sintién-
dose solo (5). Ante esta coyuntura, una medida cognitiva subjetiva
de las percepciones y prioridades internas es la percepcion de
salud, que se considera un indicador de salud en las encuestas
nacionales e internacionales (6). Diversos estudios han determi-
nado, tanto en la poblacién infantojuvenil (7-10) como en la adulta
(11,12), que la percepcion de salud puede actuar como predictor
del bienestar psicosocial.

A su vez, en una revision sistematica se ha sugerido que la
ingesta dietética puede tener el potencial de influir en el bienestar
psicoldgico (13). En este sentido, la dieta mediterranea es uno de
los patrones dietéticos mas ampliamente descritos y evaluados
en la literatura cientifica, donde una mayor calidad de la dieta se
asocia a un menor riesgo de mortalidad, enfermedades cardio-
vasculares, enfermedades metabolicas y cancer (14). Su consumo
se caracteriza por una ingesta elevada de verduras, legumbres,
frutas, frutos secos, cereales, pescado, marisco y aceite de oliva
virgen extra (15). Cada vez hay mas pruebas de que una nutricion
de calidad es uno de los varios factores clave que dan forma a
la composicidn microbiana durante la infancia y durante toda la
vida, lo que afecta a una mejor estructura y funcién del cerebro
(16), ya que la composicion de las bacterias residentes en el tracto
gastrointestinal puede influir en la funcion cognitiva (17,18). No
obstante, en tres revisiones sistematicas de ensayos controlados
aleatorios donde se analiz la asociacion entre la dieta medite-
rranea y la cognicion justifican la necesidad de una investigacion
adicional (19-21).

Ademas, cabe mencionar que el tiempo fuera de la escuela
durante la pandemia es una situacion que condiciona un mayor
riesgo de aumento de peso en los escolares, tal como esta docu-
mentado durante los periodos de receso escolar (22). En este
caso, el aislamiento social se asocia a dietas poco saludables
(23). Por el temor al contagio, las familias tienden a consumir mas
comidas procesadas, de alta densidad caldrica, que tengan mayor
duracion en las alacenas y que sean mas econdmicas, por lo que
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se prevé en esta coyuntura que los escolares estaran realizando
ingestas de mayor valor caldrico y menor valor nutricional (24).

Sobre la base de estos precedentes, el objetivo de este estudio
fue determinar la relacion existente entre la percepcion de sole-
dad, felicidad y salud y la calidad de la dieta, observando el rol
moderador del estado ponderal, en escolares de primaria durante
el estado de alarma decretado a causa de la COVID-19.

MATERIAL Y METODO

TIPO DE ESTUDIO Y PARTICIPANTES

Se disefio un estudio de corte transversal-descriptivo con una
muestra de 116 escolares de educacion primaria (62 varones y
54 mujeres), con un rango de edad comprendido entre los 8 y los
12 afios (M + DE: 10,22 + 1,20). Los participantes pertenecian a
tres centros educativos publicos, de nivel socioeconémico medio, de
Canarias, Malaga y Murcia (Espafia). Estos participantes se selec-
cionaron mediante muestreo no probabilistico intencional. En pri-
mer lugar se contactd con los directores de los centros educativos,
informandoles de la investigacion y pidiéndoles su consentimiento
informado. Una vez recibido este consentimiento, se contactd con
los padres o tutores legales de los escolares el 23 de marzo de
2020, informandoles de la investigacion y solicitandoles el consen-
timiento informado. Se excluyeron del estudio aquellos escolares
que no entregaron el consentimiento informado. Todos los escolares
participaron de manera voluntaria, respetandose el acuerdo de ética
de la investigacion de la Declaracion de Helsinki (2013).

PROCEDIMIENTO

Debido al estado de alarma generado por la COVID-19 (Real
Decreto 463/2020, de 14 de marzo), los participantes cumpli-
mentaron el cuestionario a través de la aplicacion Google Forms.
Antes de la cumplimentacion se les explico detalladamente el
cuestionario y se resolvieron todas las dudas a través de la apli-
cacion Webex. En esta sesion “online”, los participantes fueron
rellenando los cuestionarios de manera andnima, siempre con la
supervision de los investigadores. Cabe destacar que no se detec-
taron casos perdidos. La recogida de datos se realizd durante los
meses de abril y mayo de 2020.

VARIABLES E INSTRUMENTOS

Se utilizé un cuestionario sociodemografico con preguntas
relativas al sexo y la edad de los participantes. Asimismo, los
participantes informaron ellos mismos de su peso y talla. El cél-
culo del indice de masa corporal se realizd a través del indice de
Quetelet (kg/m?). Los participantes se categorizaron en distintos
grupos de estado nutricional atendiendo a diferentes criterios. En
el estudio se utilizaron los puntos de corte del IOTF (25) segun el
sexo y la edad.
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La percepcion de soledad, felicidad y salud se valord a través
de tres items extraidos del cuestionario Health Behavior in School-
aged Children (HBSC) para escolares de educacion primaria (26),
tal y como se ha realizado en otro estudio previamente (7). Todas
las preguntas utilizadas en el cuestionario HBSC han demostrado
una buena fiabilidad y validez en los escolares (27). Los escolares
informaron en este trabajo acerca de su estado de salud actual
(En general, usted diria que su estado de salud actual €s) y su
percepcion de felicidad (;Como te sientes en tu vida actual?) a
través de una escala tipo Likert con cinco opciones de respuesta,
siendo 1 = muy baja y 5 = muy alta. Por su parte, el grado de
soledad (; Te sientes solo alguna vez?) se valord a través de una
escala de tipo Likert con cinco opciones de respuesta, siendo
1 =nuncay 5 = siempre.

La calidad de la dieta mediterranea se valord a través del cues-
tionario “Indice de calidad de la dieta mediterranea en nifios y
adolescentes” (KIDMED) (28). Este cuestionario se compone de
16 preguntas dicotomicas que se deben responder con un si o un
no. Estas preguntas versan sobre el consumo de ciertos alimentos
asociados al modelo tipico mediterraneo. Las respuestas afirma-
tivas a las preguntas que representan un aspecto positivo suman
un punto, mientras que las respuestas afirmativas en las pregun-
tas que representan una connotacion negativa restan un punto. La
puntuacion de los participantes en cada item debe generar una
puntuacion global que oscile entre -4 y 12 puntos. Esta valoracion
de la dieta mediterranea categoriza al alumnado como con una
calidad de la dieta alta (> 8 puntos), media (4-7 puntos) o baja
(< 3 puntos).

ANALISIS ESTADISTICO

La normalidad y la homogeneidad de las varianzas se obtu-
vieron a través de los estadisticos de Kolmogorov-Smirnov
(p=10,299) y Levene (p = 0,816), respectivamente. Al observar
una distribucion normal de los valores registrados, en este estudio
se ha optado por un andlisis paramétrico. Se realizd la prueba de
la “t” de Student para comparar grupos independientes (mujeres
vs. varones) y un analisis de correlaciones bivariadas y parciales
entre las variables del estudio (prueba de Pearson). Asimismo,
se realizd un andlisis de regresion lineal para estudiar la relacion
entre la percepcion de salud, de felicidad y de soledad y la cali-
dad de la dieta, observando el rol moderador del estado de peso
(normopeso = 1, sobrepeso = 2 y obesidad = 3). El analisis de los
datos se realizd mediante el programa estadistico IBM SPSS 25.0,
fijandose el nivel de significacion en el 5 % (p < 0,05).

RESULTADOS

En latabla | se presentan los resultados del andlisis descriptivo
de la muestra del estudio. La prueba de la “t” de Student no arrojé
diferencias en términos de percepcion de soledad, felicidad o
salud, calidad de la dieta y variables antropométricas (o > 0,005),
a excepcion del peso (p < 0,005), segun el sexo.

P J, Carrillo Lopez et al.

Tabla I. Datos descriptivos basicos
de la muestra del estudio segun el sexo

Mujeres Varones
Sexo (n=54) (n=62) P
M = DE M = DE
Edad (afios) 10,15 £1,22 10,30 £ 1,19 0,504
Peso (kg) 3926+8,82 | 43,70+14,23 | 0,043
Talla (cm) 143,31 £ 11,06 | 145,83 £12,31 | 0,247
IMC (kg/m?)t 19,12 + 3,67 20,03 + 4,64 0,242
Percepcion de soledad 1,74 £ 0,86 1,85+0,93 0,514
Percepcion de felicidad 3,46 + 0,61 3,51 +0,60 0,657
Percepcion de salud 3,50+ 0,50 3,53 +0,50 0,694
Calidad de la dieta 7,53 +043 7,48 + 2,51 0,912

*Valor p < 0,05; calculado con la prueba de la “t” de Student. *Indice de
masa corporal (IMC).

Para el andlisis inferencial se aplict la prueba de Pearson con
el fin de analizar la posible correlacion entre las variables del
estudio. El andlisis de las correlaciones bivariadas arrojé que los
valores mas elevados de calidad de la dieta se correlacionaron
con valores superiores en la percepcion de salud y de felicidad
(p < 0,005, para ambas). Asimismo, los valores mas elevados
en la percepcion de soledad se correlacionaron con valores
inferiores en la percepcion de salud y felicidad (p < 0,005, para
ambas). De igual modo, se observo una relacion positiva entre
la percepcion de salud y de felicidad (p < 0,005). Estas correla-
ciones se mantuvieron tras realizar pruebas parciales ajustadas
al sexo y la edad.

Por Gltimo, y con el fin de llevar a cabo un andlisis predicti-
vo del efecto de la calidad de la dieta sobre la percepcion de
soledad, felicidad y salud, observando el rol moderador del esta-
do de peso, se realizé la prueba del andlisis de regresion lineal
(Tabla Ill). EI modelo | (en crudo) no arrojo diferencias signifi-
cativas (R*> = 0,222; F = 4,318, p = 0,068). Sin embargo, €l
modelo Il (ajustado al estado ponderal de normopeso) mostré una
dependencia de la percepcion de felicidad sobre la calidad de la
dieta (R> = 0,382; F = 3,643, p = 0,017). El modelo Ill (ajusta-
do al estado ponderal de sobrepeso) mostré una dependencia
entre la calidad de la dieta y la percepcion de salud (R? = 0,455;
F=2,611,p=0,049).

DISCUSION

El objetivo de este estudio fue determinar la relacion existente
entre la percepcion de soledad, felicidad y salud y la calidad de
la dieta, observando el rol moderador del estado de peso. Uno
de los principales hallazgos del estudio muestra que una mayor
percepcion de felicidad y salud se correlaciona con valores mas
elevados de calidad de la dieta (Tabla Il). Estos hallazgos no se
asemejan a lo hallado en otro estudio (29) pero se situan en la
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Tabla Il. Correlaciones bivariadas entre las variables del estudio

Percepcion Percepcion Calidad indice de masa
Variables de felicidad de soledad de la dieta corporal
R (valor p) R (valor p) R (valor p) R (valor p)
Percepcion de salud 0,383 (0,001) -0,223 (0,016) 0,264 (0,004) -0,146 (0,117)
Percepcion de felicidad - -0,383 (0,001) 0,272 (0,03) -0,180 (0,530)
Percepcion de soledad - -0,117 (0,211) 0,158 (0,090)
Calidad de la dietas - -0,121 (0,195)

linea de otros estudios que muestran la asociacion entre una
mayor adherencia a la dieta mediterranea y una mayor percepcion
de felicidad y salud (30-32).

A nivel fisiologico, estos resultados pueden deberse a la ingesta
de antioxidantes como son las vitaminas (A, C y E), de fitoquimicos
como la cisteina (tanto en proteinas como en huevos), de laton
(verduras como el brocoli), de flavonas (frutas citricas), de polife-
noles (tés verdes) o de oleuropeina (aceite de oliva), todos ellos
parte de la dieta mediterranea (33). Es decir, en este metaandlisis
se concluyd que los antioxidantes son una serie de compuestos
capaces de proteger contra el dafio oxidativo de las células, tienen
efectos antiinflamatorios en el cerebro y favorecen la salud y el
estado de animo, induciendo una menor cantidad de problemas
psicoldgicos. A su vez, a nivel anatdmico, un estudio longitudinal
indico que las ingestas mas bajas de alimentos ricos en nutrientes
y las ingestas mas altas de alimentos no saludables se asocian
con una reduccion del volumen del hipocampo izquierdo. Este
aspecto supone un deterioro de la cognicion, que se hace menos,
y del comportamiento social, lo cual puede afectar, sin duda, a la
percepcion de salud y felicidad del escolar (34). De igual modo,
a nivel neurobioldgico, una dieta rica en grasas puede causar

multiples complicaciones en el cerebro mediante conductas
anhedonicas, es decir, alterando la homeostasis energética, la
ketamina (un antidepresivo de accion rapida) y las vias de sefa-
lizacion de la insulina, las cuales regulan la plasticidad sindptica
y la produccion de citocinas proinflamatorias, condicionando la
percepcion de salud y felicidad (35).

En concreto, en este estudio se analizd el efecto moderador
del estado ponderal en estas relaciones, hallandose que una
mayor calidad de la dieta se asocia con una mayor probabi-
lidad de tener una mayor percepcion de felicidad en aquellos
escolares con estado ponderal de normopeso. Por su parte, en
aquellos con sobrepeso, tener una mayor calidad de la dieta se
asocia a una mayor probabilidad de tener una mejor percepcion
de salud (Tabla Ill).

Estos hallazgos podrian deberse a que los escolares con
sobrepeso suelen padecer con mayor frecuencia dolor de
cabeza, dolor de estdmago, dolor de espalda, estado emocio-
nal bajo, irritabilidad o mal humor, nerviosismo, dificultad para
dormir y mareos, condicionantes que, sin duda, interfieren en
la percepcion de salud (36). En este sentido, una mayor calidad
de la dieta puede mitigar estos efectos negativos y aumentar

Tabla lll. Relacion de la percepcion de la soledad, la felicidad y la salud
con la calidad de la dieta: el rol moderador del estado ponderal

Calidad de la dieta
B EE t Valor de p
Percepcion de soledad 1,002 0,266 1,016 0,988
Modelo | Percepcion de felicidad 1,200 0,413 1,953 0,053
Percepcion de salud 1,187 0,477 1,927 0,056
Percepcion de soledad -0,032 0,395 -0,182 0,935
Modelo Il Percepcion de felicidad 1,555 0,630 2,468 0,016
Percepcion de salud 0,305 0,649 0,470 0,640
Percepcion de soledad 0,259 0,479 1,520 0,139
Modelo Il Percepcion de felicidad 0,201 0,732 1,189 0,244
Percepcion de salud 0,375 0,871 2,254 0,032
Percepcion de soledad -0,587 0,500 -1,878 0,090
Modelo IV Percepcion de felicidad -0,351 0,781 -1,097 0,298
Percepcion de salud 0,141 1,278 0,488 0,636
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la percepcion de salud (37). Asimismo, la relacion entre la per-
cepcion de felicidad y la calidad de la dieta puede deberse a
que los niveles superiores de triptéfano propios de las dietas
ricas en nutrientes, como la dieta mediterranea, se relacionan
con niveles mas elevados de serotonina en el cerebro, jugando
el sistema serotoninérgico un papel importante en la regulacion
del estado de animo (38). Por otro lado, las poblaciones medi-
terraneas (Grecia, Espafa, Italia, Francia, etc.) disfrutan de una
mayor expectativa de vida, por lo que estas diferencias, que no
pueden explicarse Unicamente por factores genéticos, pueden
depender de factores ambientales, entre los que la dieta puede
jugar un importante papel (12).

A su vez, a nivel psicoldgico, estos resultados pueden deberse
a los mecanismos neurobioldgicos comunes que vinculan el
sobrepeso y los trastornos del estado de animo (39). Cabe des-
tacar que los periodos del desarrollo preadolescentes pueden
ser ventanas de vulnerabilidad en la vida temprana para desa-
rrollar inestabilidad emocional, especialmente con los efectos
aumentados de las dietas hipercaldricas sobre los sistemas de
estrés neuroendocrino y la maduracion de los circuitos neuro-
nales que sirven de sustrato a la regulacion de las emociones
(13). Por ello, los hallazgos de este estudio deben interpretarse
con cautela. Asimismo, este estudio presenta unas limitaciones
metodoldgicas derivadas de su caracter transversal, del tamafio
de la muestra y de la aplicacion de cuestionarios autoinforma-
dos, pudiendo generar ciertos sesgos en la evaluacion. Otra
limitacion del cuestionario Kidmed puede ser que en los criterios
de alimentacion saludable solo se han tenido en cuenta los
alimentos de consumo diario, excluyéndose los de consumo
ocasional.

En este sentido, estos resultados, fruto de la validez externa,
no son generalizables pero pueden utilizarse como indicaciones
a tener en cuenta en los programas de intervencion, especial-
mente en la etapa escolar obligatoria, ya que se considera un
periodo idoneo de intervencion para lograr conductas saludables
permanentes, por o que, tal vez, estos resultados podrian ser
un punto de referencia para posteriores estudios con disefios
de caracter analitico y longitudinal. El seguimiento de sujetos
con diferentes habitos de alimentacion permitird comprobar el
impacto de la dieta en las diferentes dimensiones de la salud.

Con la cautela sugerida, es relevante sefialar que las pautas
asociadas al desarrollo optimo del estado de peso y la nutricion
deben incidir en la consecucion de un estado cognitivo saluda-
ble y el mantenimiento de un ritmo de crecimiento adecuado,
y asegurar una serie de recomendaciones que permitan pre-
venir las enfermedades condicionadas por los habitos inade-
cuados de alimentacion. Como principal fortaleza del estudio
cabe destacar la edad de la muestra, ya que la adquisicion y
el fomento de habitos adecuados de nutricion puede redundar
en la salud de los escolares, fomentando unos ajustes psicoso-
ciales adecuados en la edad adulta (33,39). Asimismo, aunque
los instrumentos utilizados son subjetivos, si son instrumentos
validos, confiables y que han demostrado buenas propiedades
psicométricas, habiendo sido utilizados en investigaciones pre-
vias (7,27,28).
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CONCLUSION

Los resultados de este estudio ponen de manifiesto una aso-
ciacion positiva de la percepcion de salud y de felicidad con la
calidad de la dieta, aunque esta asociacion puede estar moderada
por el estado ponderal. Estos resultados adquieren importancia ya
que una mejor comprension de estas asociaciones puede ayudar
a desarrollar programas de intervencion de salud publica mas
eficaces en las primeras fases etarias. Asimismo, estos resultados
son de interés para ampliar el conocimiento cientifico disponible
respecto al efecto de la crisis sanitaria actual.
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Abstract

Background and aims: a high nutritional risk can independently be associated with a longer hospital stay in elderly patients. This study aims to
establish the prevalence of the risk of malnutrition and its associated factors in a high-complexity level hospital in Bogotd, Colombia, during 2018.

Methods: a cross-sectional study. The prevalence of the risk of malnutrition was measured using a malnutrition-screening tool (MST), and the
association with hospital stage, age, and patient diagnoses was assessed.

Results: a total of 7,192 patients comprised the cohort. Age range was 61 to 108 years, with an average of 77.1 + 9.2 years, and subjects were
mostly female (55.5 %). We identified as main conditions urinary tract infections (8.4 %), congestive heart failure (5.4 %), and chronic obstructive
pulmonary disease with an acute exacerbation (4.6 %). The prevalence of the risk of malnutrition was 41.4 %, significantly associated with longer
hospital stays (p < 0.001), older age (p < 0.001), and a diagnosis of delirium (OR = 5.98, 95 % Cl: 2.78 to 12.86), diarrhea and gastroenteritis
(OR =5.01, 95 % Cl: 2.44 to 10.32), gastrointestinal hemorrhage (OR = 4.44, 95 % Cl: 2.38 to 8.28), specified pneumonia (OR = 4.43, 95%

Keywords: Cl: 2.11 t0 9.30), and high blood pressure (3.94, 95 % Cl: 2.07 to 7.50). Other diagnoses included abdominal pain (other) (OR = 3.80, 95 %
» Cl: 1.81 to 7.99), urinary tract infections (OR = 3.64, 95 % Cl: 2.07 to 6.24), acute bronchitis (OR = 3.22, 95 % Cl: 1.56 to 6.65), and bacterial
g"car'e”e“nti“n“gotndm pneumonia (OR = 3.02, 95 % CI: 1.65 10 5.55).
Elderly. Heam{ Conclusion: the prevalence of the risk of malnutrition in our institution is approximately one in two patients, with a significant association to increased
services. hospital stay > 8 days, patient age > 80 years, and mainly diagnoses of delirium, diarrhea, and gastroenteritis of suspected infectious etiology.
Resumen

Antecedentes y objetivos: el alto riesgo nutricional puede asociarse independientemente a una estancia hospitalaria mas prolongada en los
pacientes ancianos. Este estudio tiene por objetivo establecer la prevalencia del riesgo de malnutricion y sus factores asociados en un hospital
de alta complejidad de Bogota (Colombia) durante 2018.

Métodos: este fue un estudio transversal. Se determind la prevalencia del riesgo de malnutricion mediante la herramienta de deteccion MST y
se evalud la asociacion con la estancia hospitalaria, la edad y el diagndstico del paciente.

Resultados: en total, 7192 pacientes conformaron la cohorte. El rango de edad era de 61 a 108 afios, con un promedio de 77,1 + 9,2 afios,
siendo los sujetos en su mayoria de sexo femenino (55,5 %). Se identificaron como condiciones principales las infecciones del tracto urinario
(8,4 %), la insuficiencia cardiaca congestiva (5,4 %) y la enfermedad pulmonar obstructiva cronica (4,6 %). La prevalencia del riesgo de desnutri-
cion fue del 41,4 %, asociada a las estancias hospitalarias prolongadas (p < 0,001), la edad avanzada (p < 0,001) y los diagnosticos de delirium
(OR =5,98, IC 95 %: 2,78 a 12,86), diarrea y gastroenteritis (OR = 5.01, IC 95 %: 2.44 a 10.32), hemorragia gastrointestinal (OR = 4.44, IC
95 %: 2.38 a 8.28), neumonia especifica (OR = 4.43, 1C 95 %: 2.11 a 9.30) e hipertension arterial (3.94, IC 95 %: 2.07 a 7.50). Otros diagnosticos

Palabras clave: asociados fueron: dolor abdominal (otros) (OR = 3.80, IC 95 %: 1.81 a 7.99), infecciones del tracto urinario (OR = 3.64, IC 95 %: 2.07 a 6.24),
— bronquitis aguda (OR = 3.22, IC 95 %: 1.56 a 6.65) y neumonia bacteriana (OR = 3.02, IC 95 %: 1.65 a 5.55).

esnutricion.
Herramienta de Conclusion: la prevalencia del riesgo de desnutricion en la institucion es aproximadamente de uno de cada dos pacientes, con una asociacion
deteccion. Ancianos. significativa al aumento de la estancia hospitalaria superior a 8 dias, a la edad del paciente mayor de 80 afios y, principalmente, a los diagndsticos
Servicios de salud. de delirium, diarrea y gastroenteritis.
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INTRODUCTION

MATERIALS AND METHODS

The identification of nutritional risk in elder patients is
becoming more and more important, considering that a high
nutritional risk may independently be associated with a longer
hospital stay (1).

Since 1999, Ferguson et al. (2) developed a Malnutrition
Screening Tool — MST — in acute hospitalized adult patients in
order to identify patients at high nutritional risk and requiring
nutritional therapy. The assessment of such tool included 408
patients admitted to an Australian hospital, excluding pediatric,
maternity, and psychiatric patients. The study’s target popula-
tion was asked two questions related to appetite and recent,
involuntary weight loss, showing a reliability between 93 %
and 97 % for the high malnutrition-screening tool amongst
evaluators.

After the application of nutritional screening tools in hospi-
talized populations of older adults, a prevalence between 15 %
and 60 % (3-5) has been reported in the literature. In a study
carried out by Stratton et al. (6), 150 patients of advanced age
who were consecutively admitted to a health institution were
prospectively evaluated. These patients underwent nutritional
screening using the MUST tool, and 58 % of the study’s tar-
get population was found to be at risk for malnutrition; these
individuals showed a greater rate of in-hospital mortality, as
well as longer hospital stays when compared to those other
patients who were identified as at low risk. A similar finding
was reported by Matins et al. (1), whose investigation in older
adult patients classified as malnourished using the NRS-2002
screening tool found that their subjects had a greater risk of a
longer stay (> 8 days).

Recently, nutritional screening tools have been articulated
and added to electronic medical records, showing evidence that
implementation of an electronic-format tool for detecting mal-
nutrition improves the knowledge, approachability, and practice
of the healthcare staff in hospitals. This creates interactions in
multidisciplinary nutritional care and, therefore, results in timely
referral to specialized nutritional management (7).

As a result, the use of a nutritional risk detection tool has a
short-term, positive effect on the quality of a hospital’s nutri-
tional care process, since detection of the risk of malnutrition
represents a crucial starting point for the successful manage-
ment of malnourished patients. Eglseer et al. (8) suggest the
importance of joining efforts in order to sustainably maintain
the performance of nutritional screening, reinforcing a positive
standpoint, designating motivated “key opinion leaders”, and
ensuring the consented support from the management within
the framework of comprehensive healthcare.

Given the importance of the topic and the implications for
clinical practice and the health of older adult patients, the
objective of our research was to establish the prevalence of
the risk of malnutrition in the patient population of a high-com-
plexity level hospital, together with its associated factors.

[Nutr Hosp 2021;38(3):464-469)

STUDY DESIGN AND PARTICIPANTS

This was a cross-sectional study where the prevalence of
nutritional risk and associated factors was determined. Patients
were included of both sexes, aged > 60 years, hospitalized during
the first 24 hours of being admitted to the emergency observa-
tion area of a high-complexity level healthcare services provider
institution in Colombia from January 1 to December 31, 2018.
Patients without a nutritional risk measurement were excluded.

DATA COLLECTION

The nutritional risk calculation tool applied in this investigation
was developed by Fergusson et al., and is known by the acronym
MST (Table I). For this tool, the authors reported a high reliability
(between 93 % and 97 %), this also being a fast, simple-to-ap-
ply tool with an application time at the institution averaging five
minutes per patient (2).

Nutritional screening was carried out in patients who complied
with the inclusion criteria. Two registered dietitians/nutritionists
carried out a structured interview and a nutritional risk evaluation.

The information was plotted in an Excel (version 2013) data-
base. Data filtering was carried out using simple frequencies and
crossing variables. Information was processed by the SPSS sta-
tistical package, version 25.0.

Table I. Malnutrition Screening Tool
Malnutrition Screening Tool (MST)*

Have you recently lost weight without trying?

No 0
Yes 1
Unsure 2

If the answer is yes, how much weight (kilograms)
have you lost?

1-5

6-10

11-15

>15

NN —

Unsure

Have you been eating poorly due to loss of appetite?

No 0

Yes 1

Total

*Score > 2 = patients at risk of malnutrition.

Source: Ferguson M, Capra S, Bauer J, Banks M. Development of a valid and
reliable malnutrition screening tool for adult acute hospital patients. Nutrition
1999,15(6):458-64.
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STATISTICAL ANALYSIS

The descriptive analysis of qualitative variables used absolute
and relative frequencies expressed as percentages. For the quan-
titative variables, measures of central tendency (mean and medi-
an) and dispersion (range and standard deviation) were applied.

The prevalence of nutritional risk was measured as a probability
expressed as percentage. The association between risk of mal-
nutrition and different factors (sex, age group, pooled stay, and
diagnosis) was assessed using Pearson’s chi-squared indepen-
dence test. Odds ratios (OR) and their respective 95 % confidence
intervals were also used. For numerical variables (age and hos-
pital stay), the Kolmogorov-Smirnov and Shapiro-Wilk tests were
used for the previous testing of normality. In case of normality,
Student’s t-test was used for the mean differences between two
independent groups, with a prior evaluation of the homogeneity of
variances (Levene’s test), and for distributions other than normal a
non-parametrical Mann Whitney-Wilcoxon (M-W) test was used.

A multivariate analysis was performed by means of uncondi-
tional logistic regression for risk of malnutrition, estimating the
ORs and 95 % confidence intervals. The statistical testing was
evaluated at a 5 % significance level (p < 0.05).

ETHICAL DISCLAIMER

This study was approved by the Méderi Technical Research
Committee (CIMED, for its acronym in Spanish) and the Universi-
dad del Rosario Research Ethics Committee, ensuring respect for
patient confidentiality guidelines, and complying with the Declara-
tion of Helsinki and the national regulations intended to guarantee
the ethical principles for medical research in humans.

RESULTS

The agreement measurement for the malnutrition risk scale was
evaluated by two nutritionists, who found a high level of concor-
dance (kappa = 0.85, p < 0.001).

Atotal of 7192 patients, predominately female, with a minimum
age of 61 years and a maximum age of 108 years, comprised
the total cohort. Average age was 77.1 + 9.2 years, and median
age was 77 years. The predominant age group was that of 70-79
years (Table Il). The five most frequent pathologies for hospital
admission were urinary tract infections, congestive heart failure,
chronic obstructive pulmonary disease with an acute exacerbation,
bacterial pneumonia, and gastrointestinal hemorrhage (Table Il).
The pathology groups, according to the 10" revision of the Inter-
national Classification of Diseases and Related Health Problems
(ICD-10), reported with the highest frequency were circulatory
system diseases (1594; 22.2 %), respiratory system diseases
(1105; 15.4 %), and genitourinary tract diseases (794; 11 %).

The prevalence of the risk of malnutrition was 41.4 %
(n = 2955), and was significantly higher in women (42.5 % vs
39.9 % in men, p = 0.0028). A significant linear tendency was

0. L. Pinzén-Espitia et al.

evidenced in the study population: risk of malnutrition increased
with older age (p < 0.001, tendency by chi-square test) and
with extended hospital stay (p < 0.001, tendency by chi-square
test) (Table Ill). The average hospital stay was 7.78 + 7.36 days

Table Il. Demographic and main
diagnostic characteristics of the patient
cohort screened (n = 7142)

Characteristics n (%)
Sex
Female 3,963 (55.5)
Male 3,179 (44.5)
Age (vears)
<70 1757 (24.6)
70-79.9 2429 (34.0)
80-89.9 2257 (31.6)
>90 699 (9.8)
Main diagnoses
Unspecified site urinary tract infection 598 (8.4)
Congestive heart failure 380 (5.4)
g:argglz ai)t?osrt];uchve pulmonary disease with 396 (4.6)
Non-specified bacterial pneumonia 218 (3.1)
Non-specified gastrointestinal hemorrhage 166 (2.3)
l;li(;r;::;eciﬁed chronic obstructive pulmonary 143 2.0)
Acute heart attack, with no other explanation 138 (1.9)
Essential (primary) high blood pressure 133(1.9)
Non-specified acute bronchitis 107 (1.5)
Syncope and collapse 102 (1.4)

Table lll. Relationship between age
and length of stay (pooled) with risk
of malnutrition, measured with MST

Malnutrition risk
n % OR | 95 % ClI for OR

Age (years)

<70 668 38.0 | 1.000

70-79.9 979 40.3 | 1.101 0.970-1.248

80-89.9 993 440 | 1.281 1.128-1.454

>90 315 451 | 1.337 1.120-1.597
Stay (days)

<3 512 345 | 1.000

3-5.9 859 381 | 1.169 1.020-1.340

6-8.9 618 429 | 1.432 1.233-1.663

>9 964 49.2 | 1.845 1.606-2.120

[Nutr Hosp 2021;38(3):464-469)]
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(median = 5.79), and was significantly longer in patients at high-
er nutritional risk (8.64 + 8.05 days, median = 6.47) than in
those classified at low nutritional risk (7.17 + 6.76 days; medi-
an =6.47; p < 0.001, M-W).

A significant association between diagnosis (ICD-10) and risk
of malnutrition was found (p < 0.001, Pearson’s chi-square test),
with the highest prevalence for the risk of malnutrition being found
in the diagnoses of non-specified delirium (56.4 %), specified
pneumonia (50.8 %), diarrhea and gastroenteritis of suspected
infectious etiology (47.8 %), non-specified gastrointestinal hem-
orrhage (47.6 %), high blood pressure (44.4 %), non-specified
urinary tract infection (43.6 %), non-specified bacterial pneumo-
nia (42.7 %), and other abdominal pain (41.9 %).

MULTIVARIATE ANALYSIS

The factors that together were significantly linked to high risk
of malnutrition were increased hospital stay, and increased age
(ICD-10). The diagnoses with a stronger association with risk of
malnutrition were: non-specified delirium (OR = 5.98, 95 % ClI:
2.78 to 12.86), diarrhea and gastroenteritis of suspected infec-
tious etiology (OR = 5.01, 95 % Cl: 2.44 to 10.32), non-specified
gastrointestinal hemorrhage (OR = 4.44, 95 % Cl: 2.38 to 8.28),
specified pneumonia (OR = 4.43, 95 % Cl: 2.11 t0 9.30), high
blood pressure (3.94, 95 % Cl: 2.07 to 7.50), other abdominal pain
(OR = 3.80, 95 % Cl: 1.81 to 7.99), non-specified urinary tract
infections (OR = 3.64, 95 % Cl: 2.07 to 6.24), non-specified acute
bronchitis (OR = 3.22, 95 % CI: 1.56 to 6.65), and non-specified
bacterial pneumonia (OR = 3.02, 95 % Cl: 1.65 to0 5.55) (Table IV).

DISCUSSION

Out of the 7192 patients receiving nutritional screening, 2955
cases at risk of malnutrition were detected, i.e., a prevalence of
41.4 % was found, similar to that reported in previous studies
carried out in Venezuela (48.4 %) (9), Mexico (40.8 %) (10), Ecua-
dor (37.1 %) (11), and Colombia (60.1 %) (12). The prevalence
of malnutrition in studies using the MST tool was equivalent to
that reported in this study. For example, a university hospital in
southern Brazil reported malnutrition in 33.1 % of the population
(13), while in two primary care university hospitals in Porto the
estimated prevalence was 55.1 % (1).

According to a systematic review by Correia et al. (14), which
included 66 studies involving 29,474 patients from 12 Latin
American countries, a prevalence of malnutrition was noted in
40 %-60 % of patients at the time of admission; a prevalence
greater than 45 % was specifically reported for Colombia (15,16).

Regarding hospital stay, it is considered that the longer patient
stay is, the higher the risk of malnutrition becomes. Martins et
al. (1) reported that patients classified as malnourished were at
greater risk, regardless of longer stay (8 days). These values were
also reported by prevalence studies suggesting that the prev-
alence of malnutrition increases with stay duration (11,17,18).

[Nutr Hosp 2021;38(3):464-469)

The average hospital stay in this study was 7.78 days, with a
stay significantly higher in patients at high nutritional risk lasting
8.64 days. Peniche-Herrera et al. (19) evaluated 138 medical
files seeking to determine whether the risk of preoperative mal-
nutrition was a causative factor for prolonged hospital stay after
gastrointestinal surgery, with evidence that the presence of the
risk of preoperative malnutrition is linked to prolonged hospital
stay (OR = 1.33, 95 % ClI: 1.07-1.64, p = 0.008).

A population study in patients admitted to hospital in two
European countries reported that in patients at high risk of mal-
nutrition stay was longer than 11 days (20). A similar report
was made by Sorensen et al. (21) in the EuroOOPS study, which
affirmed that patients at risk of malnutrition had more compli-
cations, greater mortality, and longer stays than patients at no
risk. Therefore, hospital stay is a key factor in the administrative
management of healthcare institutions, considering that malnu-
trition is common at hospital admittance and tends to worsen
during hospitalization.

Out of the ten pathologies with the largest number of patients
based on the ICD-10 diagnosis, there was evidence that circu-
latory and respiratory system diseases had a prevalence of risk
of malnutrition higher than 30 %. Patients with congestive heart
failure had a risk of malnutrition of 33.9 %, a value close to
that reported by Gomes et al. (22), with high nutritional risk in
44 % of patients with heart failure. A prevalence of 36.5 % and
23.2 % for the risk of malnutrition was reported for pathologies
such as chronic obstructive pulmonary disease (COPD) with or
without exacerbation, respectively. These figures are similar to
those reported in the literature, ranging between 10 % and 60 %
(23,24), with the development of nutritional intervention strate-
gies being of paramount importance in clinical practice because
malnutrition is common amongst COPD patients (25).

Other relevant pathology in this study was the diagnosis of
high blood pressure, where 32.5 % were at risk of malnutrition.
This value is lower than that reported in the research carried
out in Colombia by Giraldo et al. (26), who found that 62.5 % of
older adult patients with high blood pressure presented risk of
malnutrition. The differences in cohort conformation, the different
screening tools used to establish the risk of malnutrition, and the
particularities of each hospital institution may explain the differ-
ences found in the studies discussed in this publication.

The present study has various strengths. The size of the sam-
ple stands out with a large volume for the study population, an
adequate representation of both sexes and age groups, and the
inclusion of different health insurers. In addition, information was
recorded by nutritionists, thus creating acceptable confidence at
the collection of the data defined by the MST tool, established in
the electronic medical records.

Finally, with regard to the implications for research and clin-
ical practice, the present research suggests there is a need to
carry out additional studies evaluating nutritional risk at differ-
ent hospitals in the country, given the population’s variability.
Likewise, the importance of identifying and characterizing the
clinical outcomes linked to the risk and cost of malnutrition is
highlighted. This is in pursuit of the development of nutritional
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Table IV. Multivariate analysis model of unconditional logistic regression
for risk of malnutrition

B OR 95 % CI for OR Sig.
Sex (ref: male) 0.106 1.111 1.009-1.225 0.033
Age (ref: < 70 years)
70-79.9 0.093 1.097 0.965-1.248 0.159
80-89.9 0.278 1.321 1.157-1.507 0.000
>90 0.328 1.389 1.155-1.67 0.000
Stay (ref: < 3 days)
3-5.9 0.2 1.221 1.063-1.403 0.005
6-8.9 0.419 1.52 1.304-1.771 0.000
>9 0.687 1.988 1.723-2.293 0.000
Diagnosis (ref: L031)
Cystitis, unspecified 1.293 3.644 2.066-6.424 0.000
Congestive heart failure 0.793 2.209 1.233-3.959 0.008
Chronic obstructive pulmonary disease with acute exacerbation, unspecified 0.887 2.427 1.346-4.376 0.003
Bacterial pneumonia, unspecified 1.107 3.024 1.648-5.55 0.000
Gastrointestinal haemorrhage, unspecified 1.49 4.436 2.376-8.282 0.000
Chronic obstructive pulmonary disease, unspecified 0.95 2.587 1.361-4.918 0.004
Acute myocardial infarction, unspecified 0.242 1.274 0.65-2.497 0.481
Essential (primary) hypertension 1.371 3.941 2.071-7.501 0.000
Acute bronchitis, unspecified 0.806 2.239 1.136-4.412 0.020
Syncope and collapse 1.041 2.832 1.438-5.577 0.003
Atrial fibrillation and flutter 0.63 1.878 0.929-3.797 0.079
Cerebrovascular disease, unspecified 117 3.221 1.56-6.65 0.002
Other gastroenteritis and colitis of infectious and unspecified origin 1.612 5.014 2.435-10.324 0.000
Chronic kidney disease, unspecified 0.743 2101 0.985-4.482 0.055
Other and unspecified abdominal pain 1.334 3.798 1.805-7.993 0.000
Pneumonia, unspecified 1.488 4.426 2.107-9.298 0.000
Chest pain, unspecified 0.838 2.311 1.063-5.026 0.034
Diabetes mellitus without complications 0.744 2.104 0.957-4.623 0.064
Delirium, unspecified 1.788 5.978 2.779-12.86 0.000
Angina pectoris, unspecified 1141 3.13 1.418-6.908 0.005
Pulmonary embolism without mention of acute cor pulmonale 0.685 1.985 0.884-4.456 0.097
Heart failure, unspecified 0.963 2.62 1.181-5.813 0.018
Bile duct stone with cholecystitis 1.02 2.773 1.238-6.214 0.013
Embolism and thrombosis of other specified veins 0.661 1.937 0.835-4.495 0.124
Dyspnea 0.49 1.633 0.691-3.857 0.264
Other diagnoses 1.31 3.705 2.145-6.397 0.000
Constant -2.08 0.125 0.000

Ref: reference category.

care programs by hospital institutions, taking into account the
factors that increase the risk and supported by the available
evidence.

One in every two patients admitted to a hospital institution had
a high risk of malnutrition linked to hospital stays longer than 8

days, age > 80 years, and the specific diagnoses of delirium, diar-
rhea and gastroenteritis of suspected infectious etiology, gastro-
intestinal hemorrhage, specified pneumonia, high blood pressure,
other abdominal pain, non-specified urinary tract infections, acute
bronchitis, and bacterial pneumonia.

[Nutr Hosp 2021;38(3):464-469)]
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Abstract

Introduction: although nutritional differences between different types of texture-modified diet (TMD) have been evaluated, the resources and
costs associated with their preparation have been less studied.

Objective: to describe the nutritional, microbiological properties and costs of: 1) in-home produced pureed food (h"TMD); 2) concentrated nutri-
ent-dense commercial food products, hand-blended (cTMD); 3) food prepared using the MixxPro® automatic food mixer (CTMD-Mix).

Methods: an observational, prospective study carried out in three geriatric nursing-homes. Patients > 65 years, receiving TMD, with a stable
clinical condition, estimated survival/expected internment > 1 month, and sufficient cognitive capacity were included. The following data were
recorded: 1) patient socio-demographic and clinical variables; 2) TMD compliance and symptoms related to dysphagia during the meal; 3) patient
appetite; and 4) kitchen information and resources used to prepare a TMD.

Results: sixty-two residents were included (65.0 % women, 88.3 years (SD: 9.3); 43.5 % malnourished, 79.0 % with good appetite). The
proportion of food eaten/median kcal served/portion/mean kcal consumed were: hTMD: 95.5 % (SD: 10.7)/92.4 kcal (IQR: 75.6-128.1)/88.2

K ds:

eywores keal (IQR: 72.2-122.3); GTMD: 89.2 % (SD: 15.9)/323.4 kcal (IQR: 284.2-454.1)/288.5 kcal (IR: 253.5-325.1); and cTMD-Mix: 80.3 % (SD:
Nursing home. 21.4)/358.0 kcal (IQR: 344.0-372.1)/287.5 keal (IQR: 276.5-298.8). No microorganisms were detected. The average time spent in preparing
Dysphagia. each portion and its costs were: hTMD: 11.2 min (SD: 3.89)/€2.33 (SD: 0.63); cTMD: 1.7 min (SD: 0.28)/€2.01 (SD: 0.39); and cTMD-Mix: 1.6
Swallowing problems. min (SD: 0.00)/€2.00 (SD: 0.33).
Malnutrition. Texture-
modified diets. Conclusions: in patients with dysphagia and/or chewing difficulties, concentrated nutrient-dense food products, particularly those produced
Pureed. using the MixxPro® automatic food mixer, ensure a high caloric intake and allow quick and safe food preparation.
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Resumen

Introduccion: aunque existe evidencia acerca de las diferencias nutricionales entre los distintos tipos de dieta de textura modificada (DTM), los
recursos y los costos asociados a su preparacion se han estudiado menos.

Objetivo: describir las propiedades nutricionales, las microbiolégicas y los costes de: 1) una dieta triturada de manera artesanal (hDTM); 2) una
dieta preparada con alimentacion basica adaptada (ABA) (cDTM); y 3) una ABA preparada con el mezclador automatico de alimentos MixxPro®
(cDTM-Mix).

Métodos: estudio observacional prospectivo realizado en tres residencias. Se incluyeron pacientes > de 65 afios que recibian DTM, con estado
clinico estable, con supervivencia/internamiento estimado > 1 mes y capacidad cognitiva suficiente. Se registraron: 1) las variables sociodemo-
gréficas y clinicas del paciente; 2) el cumplimiento y los sintomas relacionados con la disfagia durante la comida; 3) el apetito del paciente, y 4)
la informacion de la cocina y los recursos utilizados para preparar la DTM.

Resultados: se incluyeron 62 residentes (65,0 % muijeres, 88,3 afios (SD: 9,3), 43,5 % desnutridos, 79,0 % con buen apetito). La proporcion
de alimentos consumidos/mediana de kcal servidas/porcion/media de kcal media consumidas fueron: hDTM 95,5 % (SD: 10,7)/92,4 kcal (IQR:
75,6-128,1)/88,2 keal (IQR: 72,2-122,3); cDTM: 89.2 % (SD: 15.9)/323,4 kcal (IQR: 284.2-454.1)/288,5 keal (IQR: 253.5-325.1), y cDTM-Mix:
80,3 % (SD: 21.4)/358,0 keal (IQR: 344.0-372.1)/287,5 kcal (IQR: 276.5-298.8). No se detectaron microorganismos. El tiempo medio empleado
en la preparacion y el coste por porcion fueron: hDTM: 11,2 min (SD: 3,89)/2,33 € (SD: 0,63); cDTM: 1,7 min (SD: 0,28)/2,01 € (SD: 0,39), y
cDTM-Mix: 1,6 min (SD: 0,00)/2,00 € (SD: 0,33).

Conclusiones: en los pacientes con disfagia y/o dificultades para masticar, los productos de ABA comerciales, en particular los que se producen

Purés. con el mezclador automatico de alimentos MixxPro®, aseguran una elevada ingesta caldrica y permiten una preparacion rapida y segura.

INTRODUCTION

Swallowing difficulties are common in the elderly, especially
among institutionalized people. Half of institutionalized individuals
are estimated to suffer from oropharyngeal dysphagia (OD) (1,2).
Malnutrition is one of the main consequences associated with OD.
Although prevalence rates vary depending on the method used,
over half of the institutionalized elderly are malnourished or at risk
of suffering malnourishment (3,4). Besides, approximately 80 %
of pneumonia cases in elderly people with swallowing disorders
correspond to cases of aspiration pneumonia, one of the leading
causes of death in this cohort (5).

Between 26 % and 67 % of the meals served in geriatric nurs-
ing homes are texture-modified diets (TMD) (6,7). The in-home
production of TMD (hTMD) requires blending the food and then
diluting it with water or broth, thus reducing its nutritional intake
(8-11), and increasing variability between prepared meals (11).
Up to 83 % of patients receiving hTMD do not meet the nec-
essary nutritional requirements, leading to nutritional deficiency
(12,13). Recently, the European Society for Clinical Nutrition and
Metabolism (ESPEN) recommends providing enriched TMD to
support adequate dietary intake in elderly with malnutrition or
at risk of malnutrition and with signs of OD (14). Concentrated
nutrient-dense commercial food products (cTMD) for adults with
0D provide a suitable alternative to hTMD. Caloric and protein
intake is significantly increased by ¢cTMD, which improves the
nutritional status of the patient (12,15,16).

It should be borne in mind that the high amount of handling
required to prepare hTMD meals increases the risk of food poi-
soning (17-19), and is also labor-intensive, requiring significant
investment in resources and time spent by the kitchen staff.

There are currently automatic food mixers that can automati-
cally prepare ¢cTMD (cTMD-Mix), with the potential to significantly
increase time and resource savings, and to minimize microbio-
logical risks.

Although there are studies that describe the nutritional differ-
ences between hTMD and ¢TMD, as far as we know this is the

[Nutr Hosp 2021;38(3):470-477]

first study to evaluate the resources and costs associated with
TMD preparation. This observational study aims to describe the
nutritional, microbiological properties, and the cost of three types
of TMD: hTMD, ¢TMD, and cTMD-Mix.

METHODOLOGY

STUDY DESIGN

A proof-of-concept study with a descriptive, observational
design was carried out in three geriatric nursing homes. The nurs-
ing homes were selected based on: 1) availability of own kitchen
(not an external catering service); 2) cook with experience in the
preparation of TMD > 6 months; 3) experience of the specialist
prescribing the diet > two years.

In each of the nursing homes TMD was prepared using a meth-
od according to its routine practice: 1) in-home TMD (hTMD);
2) concentrated nutrient-dense commercial food products (cTMD);
3) cTMD-Mix prepared using the MixxPro® automatic food mixer
to produce blended meals (cTMD-Mix).

The study was led by a committee of four experts (an endocri-
nologist, a catering manager, a bromatologist, and a food technol-
ogist) who participated in preparing the Case Report Form (CRF)
and in the correct interpretation of study results.

PATIENTS

The study included patients > 65 years of age, who were receiv-
ing TMD at the start of the study, with a stable clinical condition
and an estimated survival > 1 month, with an expected intern-
ment > 30 days, with sufficient cognitive capacity to complete
the questionnaires (as assessed by the specialist prescribing the
diet) either alone or with the help of a caregiver, and who were not
participating in any other clinical trial. The study excluded those
patients who required a change in diet (oral, enteral, or parenteral)
for more than two days.
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The participants were identified by the healthcare professional
who prescribed the TMD following a consecutive, non-random
recruitment. Patients were followed up for 15 days.

The following tests were conducted for each participant: nutri-
tional screening using the Mini Nutritional Assessment Short Form
(MNA®-SF) (at baseline), risk of dysphagia assessment using
the Eating Assessment Tool (EAT-10) (at baseling), and appetite
determination using the Short Nutrition Assessment Questionnaire
(SNAQ) (before the main course). Data of symptoms associated
with swallowing during feeding (choking, fractional swallowing,
throat clearing, coughing during and after ingestion) were also
collected at each meal.

PREPARATION OF TEXTURE-MODIFIED
DIETS (TMD)

For all three TMD types, the preparation methods of the meal’s
main course were evaluated for five different varieties: chicken,
veal, fish, egg, or lentils.

The hTMD was prepared using traditional processing methods
and further blending. The cTMD was based on Meritene® (Nestlé
Health Science) commercial products in the instant puree range
(chicken with rice and carrots, veal with vegetables, fish with rice,
puréed eggs Provenzal style, and lentils with vegetables). This
range of dehydrated products was reconstituted with water, either
manually (¢TMD) or mechanically using a MixxPro® automatic food
mixer (CTMD-Mix).

STUDY VARIABLES

Four independent CRFs were designed to collect the study
variables: 1) to be filled in by the specialist prescribing the diet,
recording the patient’s main socio-demographic and clinical
variables; 2) to be filled in by nurses or healthcare assistants,
collecting data on compliance and symptoms related to dyspha-
gia occurring during the meal; 3) to be filled in by the patient,
including data on appetite; and 4) to be filled in by the catering
manager, including information on the kitchen and the resources
used to prepare each diet variety (Table ).

The staff responsible for data collection received appropriate
training in person. Additionally, if the staff required it, online train-
ing was available during the study.

An external laboratory conducted the microbiological and nutri-
tional (estimation of kcal per portion) analysis.

STATISTICAL ANALYSIS

Data were analyzed with the STATA statistical package, version
14. The absolute and relative frequencies of qualitative variables
were calculated. The mean, standard deviation (SD), and inter-
quartile ranges were calculated for the quantitative variables.

The compliance of each patient was calculated based on: 1) the
amount of TMD served during the 15 days: mean amount served

M. D. Ballesteros-Pomar et al.

(according to the five cooking records) x 15 days; and 2) the
average compliance of the patient during the 15 days of follow-up
data recorded in the nursing questionnaire.

The average calorie count per portion was obtained based
on the average number of calories per portion, and the average
amount served per portion. The mean number of calories con-
sumed per portion was calculated from the mean calories served
per portion, and the mean compliance.

The costs related to food preparation were calculated on
the following basis: 1) the cost of each of the ingredients used
(€/kg, €/volume, or €/unit) according to the reference prices on
the wholesale markets (20-23) or to the prices of origin; 2) the
cost of human resources required for each of the processes
— pre-processing, processing, blending (if applicable), homoge-
nization (if applicable), and cleaning) — based on the time spent
on each process, number of employees and wages (according to
professional category (24,25) and updated to €/2019 in line with
the CPI (26)); and 3) the number of portions prepared.

The time spent cooking, baking, frying, grilling, and blending/
homogenizing was considered to calculate energy costs. For each
process, the cost/hour was applied based on electricity or gas
energy consumption, estimating the average cost of the corre-
sponding energy supply at the time of the data analysis (27,28).
Given the variability extant in the energy used by different types of
blenders, a conservative 200 W value was applied. For instance,
for the MixxPro® automatic food mixer, a maximum consumption
of 2000 W was assumed, and a working time of 1 min per portion.
Gas consumption was calculated by means of a direct extrap-
olation of the minutes recorded and energy consumption. The
same energy tariffs were applied to all three centers, and similar
appliances were assumed to have the same energy consumption.

The amount served per portion in each center was different,
S0 the standardized cost per 100 g was calculated as follows:
cost/100 g = 100 g x cost per portion [€/portion / amount served
per portion (g). Based on this result, the average cost per 100 g
was obtained for each menu.

The average cost per 100 kcal portion was obtained from the
average calories served per portion, and the cost per portion.

ETHICAL CONCERNS

The study was approved by the Clinical Research Ethics
Committee at the Complejo Asistencial Universitario de Ledn (E.
0BS1676), and was conducted according to the principles of the
Helsinki Declaration and good clinical practice (GCP). Patients
were informed about the study and signed an informed consent.
The data were duly anonymized.

RESULTS

PATIENT CHARACTERISTICS

Of the total number of patients starting the study (n = 64),
two were excluded: one did not adjust to the diet, and one died.
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Table I. Variables collected during the study; source and time of collection

Variable

Source

(No.) time
of collection

Questionnaire completed by the prescriber

Patient age

Medical record

1) Baseline

Sex

Medical record

1) Baseline

Body mass index (BMI)

Medical record

1) Baseline

Diagnosis for which TMD s prescribed

Medical record

1

(1)
(1)
(1)
(1) Baseline
(1)
(1)
(1)

Chronic comorbidities Medical record 1) Baseline

Nutritional supplementation requirements Medical record 1) Baseline

Swallowing/gastrointestinal complications Medical record 1) Baseline

Risk of dysphagia .

Risk o é’y 5) : agg - EAT-10 (1) Baseline

Mainutrition .

[Malnutrition, < 7; risk of malnutrition, 8-11; good nutritional status, > 12] MNA® -SF (1) Baseline

Questionnaire completed by nurses
iﬁﬁgﬁ?%sdrj:;[gi;%i}:? ;%lgs(tjil;:r,]?h?ggg?:lt(erzgrg,c?rl;rcsti))nal swallowing and choking] Reported by nursing staff (1) Days 11015
[%O:JZ[,) /Z)n;z Vg’gh%tf’]%n;inoﬁlggeg the meal Reported by nursing staff (15) Days 1 to 15
Questionnaire completed by the patient
gﬁizt/;ipetite, > 14 points] SNAQ (3)Days 1, 7.and 15
Questionnaire completed by the cook

Kitchen features

[number of employees, professional category, number of daily regular meals and number Catering staff (1) Baseline

of daily blended meals]

Data for preparation of each meal yar/el]/. . . ' (5) During the

[number of meals prepared and ration weight, raw materials used (weight or volume or units )

of all ingredients required), human resources required (number of employees involved in the Catering staff ngxr(it;]?:kz;ejec;

process™, professional category and time required). Energy consumption (time spent using ) L

kettles/pots, ovens, grills, fryers, pans, mixers, etc.)] fish, egg, or lentils)

(15) Three

Temperature of the prepared meal [temperature after homogenisation and before serving] Catering staff independent records
per diet variety

Microbiological analysis [presence of coagulase-positive Staphylococcus, Salmonella Accredited external (15) Three

spp, Escherichia coli B-glucuronidase+, and Listeria monocytogenes) and energy content laboratory (UNE-EN ISO/ | independent records

(kcal/100 g)] IEC 17025:2005) per diet variety

*The time required for cleaning was estimated based on the time required to clean each utensil (by hand or machine) and the number of utensils used during the

preparation of each diet variety.

Finally, 62 patients, 65 % women, with a mean age of 88.3 (SD:
9.3) years completed the follow-up and were included in the
analysis ("TMD, n = 20; ¢cTMD, n = 20; and cTMD-Mix, n = 22).
Only 3.2 % of participants were well nourished (MNA®-SF > 12).
Baseline patient characteristics are shown in table II.

A total of 79.0 % of patients had a good appetite
(SNAQ > 14 points) during follow-up [hTMD: 100.0 %; cTMD:
75.0 %; cTMD-Mix: 63.6 %).

[Nutr Hosp 2021;38(3):470-477]

Overall, compliance with the diet was good. On average, the
proportion of food eaten was above 80 %: hTMD: 95.5 % (SD:
10.7); cTMD: 89.2 % (SD: 15.9); cTMD-Mix: 80.3 % (SD: 21.4).
Regarding compliance and the mean amount served per portion,
patients receiving hTMD, cTMD, and cTMD-Mix ingested a daily
mean of 197.7 g (SD: 21.6), 284.6 g (SD: 49.6), and 281.9 ¢
(SD: 73.4), respectively. Similarly, considering the calories served,
the calories consumed per portion were 88.2 (IQR: 72.2-122.3)
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Table ll. Baseline characteristics of study patients

M. D. Ballesteros-Pomar et al.

Total hTMD c¢TMD ¢TMD-Mix
(n=62) (n=20) (n=20) (n=22)
Age, years [mean (SD)] 88.3(9.3) 89.9 (6.9) 94.2 (6) 81.6 (9.9
Women [% (n)] 65.0(39) 80.0 (16) 47.4(9) 66.7 (14)
BMI, kg/m? [mean (SD)] 23.94.3) 22.7 (2.9 22.8 (3.4 25.9 (5.5)
MNA®, [% (n)]
Malnourished 43.5 (27) 60.0 (12) 50.0 (10) 22.7 (5
At risk of malnutrition 53.2(33) 40.0 (8) 50.0 (10) 68.2 (15)
Normal nutritional status 3.2(2) 0.0 (0) 0.0(0) 9.1(2)
Risk of dysphagia (EAT-10 > 3), [% (n)] 91.9(57) 100.0 (20) 75.0 (15) 100.0 (22)
With nutritional supplements, [% (n)] 30.6 (19) 20.0 (4) 40.0 (8) 31.8(7)
Number of comorbidities, [% (n)]
0 1.6(1) 0.0 (0) 0.0 (0) 4.5 (1)
1 32.3(20) 85.0 (17) 10.0 (2 45 (1)
>2 66.1 (41) 15.0 (3) 90.0 (18) 90.9 (20)
Previous swallowing and intestinal complications, [% (n)]
Aspiration pneumonia 33.9(21) 80.0 (16) 25.0 (5) 0.0 (0)
Constipation 19.4(12) 0.0 () 0.0 (0) 54.5(12)
Nausea or vomiting 9.7 (6) 0.0(0) 30.0 (6) 0.0 (0)
Diarrhea 3.2(2 0.0 (0) 10.0 (2 0.0 (0)
Abdominal pain 1.6(1) 0.0 (0) 0.0 (0) 45 (1)

hTMD: in-home TMD; ¢TMD: commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically blended; SD: standard deviation; BMI: body mass index;

MNA: mini nutritional assessment; EAT-10: eating assessment tool.

for hNTMD; 288.5 (IQR: 253.5-325.1) for ¢cTMD; and 287.5 (IQR:
276.2-298.8) for cTMD-Mix.

The mean number of symptoms associated with swallowing
during feeding (choking, fractional swallowing, throat clearing,
coughing during and after ingestion) was 68 (nTMD), 46 (cTMD),
and 10 (cTMD-Mix) for every 100 meals served, respectively.

CHARACTERISTICS OF PROCESSED MEALS

The average number of TMD served per portion, as well as the
energy intake, differed in the three nursing homes: 207.0 g (SD:
9.0) and 92.4 kcal (IQR: 75.6-128.1) for hTMD; 319.2 g (SD:
35.4) and 323.4 kcal (IQR: 284.2-375.3) for cTMD; and 351.0
g (SD: 0.0) and 358.0 kcal (IQR: 344.0-372.1) for cTMD-Mix
(Fig. 1). Greater variability was observed for those meals requiring
higher levels of food handling for their processing: 56.1 % (hTMD),
26.1 % (cTMD), and 7.8 % (cTMD-Mix).

The mean temperature of meals after blending was 80.6 °C
(SD: 1.6) for hTMD, 88.2 °C (SD: 1.02) for cTMD, and 85.0 °C
(SD: 0.0) for cTMD-Mix; while at the time of serving to patients, it
was 54.3 °C (SD: 1.22) for hTMD, 58.7 °C (SD: 0.31) for hTMD,
and 75.0 °C (SD: 0.0) for cTMD-Mix.

500

450

400

350

250

200

; 358.0Kcal

323.4Kcal |

150

100

50

L

92.4Kcal

h-TMD

cTMD

cTMD-Mix

Figure 1.

Kilocalories served per ration: interquartile ranges ("\TMD: in-home TMD; ¢TMD:
commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically

blended).

No microorganisms were detected in any of the analyzed

samples.
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USE OF RESOURCES AND COSTS
ASSOCIATED WITH FOOD PREPARATION

The number and type of kitchen employees involved in food
preparation varied between nursing homes (Table Ill).

In each kitchen, 69 % (hTMD), 81.8 % (cTMD), and 53.8 %
(cTMD-Mix) of the total number of prepared meals (including
non-blended types) were TMD. The mean number of portions pre-
pared during the study period was 28.8 (SD: 2.9) for hTMD, 26.0
(SD: 1.4) for cTMD, and 70.0 (SD: 0.0) for cTMD-Mix. The average

time spent in preparing each portion was 11.2 min (SD: 3.89) for
hTMD, 1.7 min (SD: 0.28) for ¢cTMD, and 1.6 min (SD: 0.00)
for cTMD-Mix (Table Ill).

The total cost per portion (human resources, ingredients, and
energy consumption) amounted to €2.33 (SD: 0.63), €2.01 (SD:
0.39), and €2.00 (SD: 0.33) for hTMD, ¢TMD, and cTMD-Mix,
respectively. In the nursing home employing hTMD the main
cost component was associated with human resources, whereas
in the centers using cTMD and cTMD-Mix the main cost was
related to raw materials (Fig. 2).

Table Ill. Use of resources and time spent in meal preparation

Type No. of portions Total time (SD) | Time/portion
of diet prepared Process Resource min (SD) min

Pre-processing 1 cook 77.0 (45.3) 2.7(1.7)
Processing 1 cook 112.0 (24.0) 3.9(0.9

HTMD 28.8 Blenging/homogenization 1 cook 12.8(1.9) 0.4(0.1)
Serving up 1-2 cooks 8.8 (2.8) 0.3(0.1)
Cleaning 1 cook 110.8 (24.3) 4.0(1.0)
Total - 321.4(96.1) 11.23.9)
Pre-processing 1 assistant 4.4 (5.4) 0.2(0.2)
Processing 1 assistant 15.0(0.7) 0.6 (0.0)

STMD 26.0 BIenFilng/homogenlzatlon 1 assistant ' 5.2 (0.4) 0.2 (0.0)
Serving up 2 healthcare assistants 10.4 (0.9 0.4 (0.0
Cleaning 1 catering assistant 7.00 (0.0) 0.3(0.0)
Total 42.0 (6.2) 1.7(0.3)
Pre-processing 1 cook 15.0 (0.0) 0.2 (0.0)
Processing 2 Ccooks 1 assistant 90.0 (0.0) 1.3(0.0)

STMD-Mix 700 BIeang/homogemzmg - -

Serving up - -
Cleaning 1 catering assistant 10.0 (0.0) 0.1 (0.0)
Total 115(0.0)

hTMD: in-home TMD;, cTMD: commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically blended; SD: standard deviation; Min: minutes.

25

2 ﬂ

037€

@

1,81€

COST/RATION

1,31 €
0,5

0,21€

hTMD cTMD

Il Human resources

M Ingredients

174€

0,26 €

¢ TMD-Mix

Figure 2.

Breakdown of cost per ration ("TMD: in-home TMD; cTMD: commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically

blended).
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The average cost per 100 g was €1.12 (SD: 0.29) for hTMD,
€0.65 (SD: 0.18) for cTMD, and €0.57 (SD: 0.09) for cTMD-
Mix. Finally, the average cost per 100 kcal was €2.80 (SD: 1.32)
for hTMD, €0.62 (SD: 0.18) for cTMD, and €0.58 (SD: 0.13) for
cTMD-Mix.

DISCUSSION

TMD is recommended for patients who have difficulty swallow-
ing. To facilitate its intake, the texture of the original food is mod-
ified by blending, and very often water or broth is added, which
can lead to nutritional deficiency in the prepared meal and greater
variability between portions (15). In line with previous studies (11),
our work has demonstrated a lower energy intake and a higher
variability associated with hTMD meals.

The need to blend food to adapt it to a patient’s swallowing
requirements can also modify its organoleptic qualities and
be associated with suboptimal intake (8,29). In our study, the
percentage of food eaten, as compared to food served, was
high (> 80 %), and it was higher in patients receiving hTMD
than in those receiving cTMD or ¢cTMD-Mix. However, this dif-
ference may be accounted for because the portions served in
the nursing homes serving hTMD (approximately 200 g) were
smaller than those served in the centers offering commercial
diets (approximately 350 g). In fact, the total amount of ingested
foor per portion was about 30 % higher in the homes serving
commercial meals. This fact, together with the lower caloric
intake of hTMD, could diminish the feeling of fullness, and
explain the greater appetite observed in patients with hTMD.
Similarly to our study, Rubio et al. compared the intake of an
hTMD with a hyperproteic and hypercaloric powdered prepa-
ration (cTMD), observing that the total amount ingested by the
patient was lower in the cTMD group, with a higher energy and
protein intake (30). Other studies have described that in both
institutionalized elderly patients and elderly outpatients with
swallowing difficulties, a higher energy and protein intake was
achieved with cTMD as compared with hTMD (31,32). Similarly,
our results show that, although compliance was higher in the
nursing home with hTMD, the final kilocalories ingested were
much higher in the patients receiving cTMD or cTMD-Mix than
in the patients receiving hTMD.

Another reason for prescribing TMD is to reduce the risk of
choking and prevent aspiration pneumonia. Up to 70 % of insti-
tutionalized people may suffer from choking during meals (33).
Evidence of symptoms related to swallowing (such as choking)
associated with hTMD vs. ¢cTMD is minimal; moreover, results
on the effectiveness of TMD to prevent aspiration pneumonia
are inconclusive (34,35). In the present study, the number of
swallowing-related symptoms observed was higher in patients
receiving hTMD, decreasing with the diets requiring lower levels
of manipulation during preparation, as was the case of cTMD-
Mix. These results would be consistent with the fact that patients
with hTMD reported more aspiration pneumonia (before study
initiation) than patients receiving cTMD and cTMD-Mix. How-

M. D. Ballesteros-Pomar et al.

ever, due to the study’s nature, these results are neither rep-
resentative nor conclusive enough to establish a cause-effect
relationship.

During diet elaboration, food needs to reach a temperature
above 65 °C, and should not be exposed to temperatures between
15 °C and 45 °C to guarantee microbiological safety (12). The
three types of diet studied showed a good safety profile. In all cas-
es, microbiological safety temperatures (> 65 °C) were reached
during preparation, and the presence of microorganisms was not
detected in the analysis. It should be noted that only cTMD-Mix
remained above 65 °C until the time of serving.

As far as we know, this is the first study conducted in geriatric
nursing homes to evaluate the use of resources and costs of TMD
production for patients with dysphagia or mastication difficulties
using natural and commercial foods, and three different process-
ing methods ( ("TMD, cTMD, cTMD-Mix).

Raw material costs were lower for hTMD when compared to
¢TMD and cTMD-Mix. However, the time required to prepare each
portion was much lower in the latter. Approximately, 1.5 minutes
for commercial diets and 11 minutes for hTMD were required.
Considering the resources needed to prepare the diets, the cost
per portion and the cost per 100 g served were lower for the
commercial diets than for the home-made ones.

Previous studies suggest that patients who switch from hTMD
to fortified TMD (13,31) or cTMD (32) experience significant
weight gain improvements. Additionally, two observational stud-
ies showed that cTMD-Mix was a simple and effective way to
improve nutritional status in elderly institutionalized residents with
swallowing disorders (36,37). The scope of our study was not to
assess the nutritional status of patients. Considering that most
of our participants were already receiving TMD before the study
started, our results appear to be in line with the above studies.
In this respect, the percentage of patients with malnutrition was
higher in the nursing home serving hTMD and lower in the nursing
home serving hTMD-Mix.

Our study presents some limitations. The first one relates to the
study population, as patient recruitment was made according to
convenience, and the number of participants was relatively low,
preventing a robust statistical analysis. Despite the small sample
size, since study participants include elderly residents with a high
level of dependence, we can assume that the study population
is representative of nursing home residents. Similarly, the study
involved a reduced number of kitchens, each one with specific
characteristics and peculiarities, so their practices may not be
representative. However, it is important to keep in mind that the
study objective was descriptive rather than comparative. Some
participants might have required help to eat; however, since such
data were not collected, it cannot be established whether having
support influenced the amount of food consumed. Finally, since
the nursing home staff collected the data, there may be inter-
staff variability in measurements. In order to reduce this possible
bias, the staff responsible for data collection received appropri-
ate training, both in person and online; a graduated scale widely
used in observational studies was used to assess the amount
ingested; only objective symptoms related to dysphagia disorders

[Nutr Hosp 2021;38(3):470-477]
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such as choking, fractional swallowing, throat clearing, coughing
during and after ingestion were reported. Despite these limitations,
the study provides useful information for future analyses of the
potential benefits and costs of TMD as prepared using different
processes.

In conclusion, in patients with dysphagia and/or chewing dif-

ficulties, concentrated, nutrient-dense food products (Meritene®,
Nestlé Health Science), particularly those produced using the
MixxPro® automatic food mixer, ensure a high caloric intake, even
in subjects with lower compliance rates. Moreover, they allow
quick and safe food preparation, reducing both kitchen workload
and production costs. Further studies with a larger sample of
patients and centers are needed to obtain representative results
and establish whether there is any cause-effect of such diets on
patient nutritional status.

REFERENCES

10.

11.

12.

13.

14,

. Mioche L, Bourdiol P, Peyron M-A. Influence of age on mastication: effects on

eating behaviour. Nutr Res Rev 2004;17:43-54. DOI: 10.1079/NRR200375

. Ortega O, Martin A, Clavé P. Diagnosis and Management of Oropharyngeal

Dysphagia Among Older Persons, State of the Art. J Am Med Dir Assoc
2017;18(7):576-82. DOI: 10.1016/j.jamda.2017.02.015

. Vandewoude MFJ, van Wijngaarden JP, De Maesschalck L, Luiking YC, Van

Gossum A. The prevalence and health burden of malnutrition in Belgian older
people in the community or residing in nursing homes: results of the NutriAc-
tion Il study. Aging Clinical and Experimental Research 2019;31(2):175-83.
DOI: 10.1007/s40520-018-0957-2

. Bell CL, Lee ASW, Tamura BK. Malnutrition in the nursing home.

Curr Opin Clin Nutr Metab Care 2015;18(1):17-23. DOI: 10.1097/
MC0.0000000000000130

. Teramoto S, Fukuchi Y, Sasaki H, Sato K, Sekizawa K, Matsuse T. High inci-

dence of aspiration pneumonia in community- and hospital-acquired pneu-
monia in hospitalized patients: a multicenter, prospective study in Japan. J Am
Geriatr Soc 2008;56(3):577-9. DOI: 10.1111/j.1532-5415.2008.01597 .x

. PainterV, Le Couteur D, Waite L. Texture-modified food and fluids in dementia

and residential aged care facilities. Clin Interv Aging 2017;12:1193-203. DOI:
10.2147/CIA.S140581

. Streicher M, Wirth R, Schindler K, Sieber CC, Hiesmayr M, Volkert D. Dyspha-

gia in Nursing Homes—Results From the NutritionDay Project. J Am Med Dir
Assoc 2018;19(2):141-7.e2. DOI: 10.1016/j.jamda.2017.08.015

. Wright L. Cotter D. Hickson M. Frost G. Comparison of energy and protein

intakes of older people consuming a texture modified diet with a normal
hospital diet. J Hum Nutr Diet 2005;18(3):213-9. DOI: 10.1111/j.1365-
277X.2005.00605.x

. Massoulard A, Bonnabau H, Gindre-Poulvelarie L, Baptistev A, Preux

PM, Villemonteix C, et al. analysis of the food consumption of 87 elder-
ly nursing home residents, depending on food texture. J Nutr Heal Aging
2011;15(3):192-5. DOI: 10.1007/512603-010-0271-y

Nowson CA, Sherwin AJ, McPhee JG, Wark JD, Flicker L. Energy, protein,
calcium, vitamin D and fibre intakes from meals in residential care establish-
ments in Australia. Asia Pac J Clin Nutr 2003;12(2):172-7.

Beck AM, Hansen KS. Meals served in Danish nursing homes and to meals-
on-wheels clients may not offer nutritionally adequate choices. J Nutr Elder
2010;29(1):100-9. DOI: 10.1080/01639360903574742

Velasco C, Garcia-Peris P. Tecnologia de alimentos y evolucion en los alimen-
tos de textura modificada; del triturado o el deshidratado a los productos
actuales. Nutr Hosp 2014;29(3):465-9.

Germain |, Dufresne T, Gray-Donald K. A Novel Dysphagia Diet Improves
the Nutrient Intake of Institutionalized Elders. J Am Diet Assoc
2006;106(10):1614-23. DOI: 10.1016/j.jada.2006.07.008

Volkert D, Beck AM, Cederholm T, Cruz-Jentoft A, Goisser S, Hooper L, et al.
ESPEN guideline on clinical nutrition and hydration in geriatrics. Clin Nutr
2019;38(1):10-47. DOI: 10.1016/j.cInu.2018.05.024

[Nutr Hosp 2021;38(3):470-477]

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

477

Rocamora JAI, Garcia-Luna PP. El ment de textura modificada; valor nutricio-
nal, digestibilidad y aportacion dentro del ment de hospitales y residencias
de mayores. Nutr Hosp 2014;29(4):873-9.

Caracuel Garcia A. Alimentacion adaptada en el adulto: propiedades nutri-
cionales y funcionales de los alimentos comerciales de textura modificada.
In: Andrés Carretero M, editor. Actualizacion en bromatologia hospitalaria;
2009. p. 181-90.

Rosas R. Contaminaciones alimentarias. Offarm 2007;26(6):95-100.
Camps N, Comapny M, Follia N. Toxiinfeccion alimentaria producida por virus
norwalk en una residencia geriatrica asistida. Gac Sanit 2001;15(2):31-130.
Lund B, O'Brien S. Microbiological safety of food in hospitals and other
healthcare settings. J Hosp Infect 2009;73(2):109-20. DOI: 10.1016/j.
jhin.2009.05.017

Precios de alimentos frescos y de temporada en mercados mayoristas
de Mercasa. Available from: https://www.mercasa.es/red-de-mercas/pre-
cios-y-mercados-mayoristas

Estadisticas—mercamadrid. Available at: https://www.mercamadrid.es/esta-
disticas/

Agricultura, Medio Ambiente y Mundo Rural. Boletin Agrario; 2019. Available
at: https://boletinagrario.com/

Precios Medios. Available from: https://www.mapa.gob.es/app/precios-me-
dios-nacionales/pmn_tabla.asp

Ministerio de empleo y seguridad social. Resolucion de 16 de febrero de
2018, de la Direccion General de Empleo, por la que se registran y publican
las tablas salariales para los afios 2017 y 2018 del Convenio colectivo estatal
del sector laboral de restauracion colectiva. BOE 2018;53:25459-80.
Ministerio de empleo y seguridad social. Boletin Oficial Del Estado no 209: jueves
31 de agosto de 2017. Anexo | tablas salariales 2017. Sec. Ill. Pag. 86300.
Actualizacion de rentas con el IPC general. Available at: https://www.ine.
es/calcula/

Tarifas de gas. Ter trimestre 2019. Preciogas; 2019. Available at: https://
preciogas.com/fag/factura-gas-natural

Tarifas de luz. 1er trimestre. Preciogas; 2019. Available at: https://preciogas.
com/fag/factura-luz

Colodny N. Dysphagic Independent Feeders’ Justifications for Noncom-
pliance With Recommendations by a Speech-Language Pathologist. Am
J Speech-Language Pathol 2005;14(1):61-70. DOI: 10.1044/1058-
0360(2005/008)

Rubio M, Cabrerizo L, Galaz R. Estudio comparativo y aleatorio entre la dieta
triturada habitual hospitalaria frente a una férmula hipercaldrica e hiperpro-
teica (Vegenat-MED). Nutr Hosp 2002;17(S3):105.

Ott A, Senger M, Létzbeyer T, Gefeller O, Sieber CC, Volkert D. Effects of a
Texture-Modified, Enriched, and Reshaped Diet on Dietary Intake and Body
Weight of Nursing Home Residents with Chewing and/or Swallowing Prob-
lems: An Enable Study. J Nutr Gerontol Geriatr 2019;38(4):361-76. DOI:
10.1080/21551197.2019.1628158

De Luis DA, Izaola O, Prieto R, Mateos M, Aller R, Cabezas G, et al.
Effect of texture modified diets in elderly ambulatory patients. Nutr Hosp
2009;24(1):87-92.

Miles A, Dennison K, Oad MA, Shasha L, Royal M. Consumer Satisfaction of
Texture Modified Meals Served in Residential Aged-Care Facilities. Int J Food
Sci Nutr Res 2019;1(1). DOI: 10.31546/IJFSNR.1005

Sukkar SG, Maggi N, Travalca Cupillo B, Ruggiero C. Optimizing Texture Mod-
ified Foods for Oro-pharyngeal Dysphagia: A Difficult but Possible Target?
Front Nutr 2018;5:68. DOI: 10.3389/fnut.2018.00068

0’Keeffe ST. Use of modified diets to prevent aspiration in oropharyngeal
dysphagia: is current practice justified? BMC Geriatr 2018;18(1):167. DOI:
10.1186/s12877-018-0839-7

Khoo M, Lee S, Fong R, Tang L. Effect of a concentrated texture-modified
diet on the nutritional status of elderly in a long-term care facility in Hong
Kong. Eur Geriatr Med [Internet] 2019;10(September):S292. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=ex-
port&id=L631722629%0Ahttp://dx.doi.org/10.1007/s41999-019-00221-
0.D0I: 10.1007/s41999-019-00221-0

lanes A, Giordani A, Ardoino G, D’Ostuni F. Impact of texture-modified diets
based on concentrated commercial food products for dysphagia prepared
with the food mixer MixxPro® on the body weight of institutionalized elderly
patients. Eur Geriatr Med [Internet] 2019;10(September):S291. Available
from: http://www.embase.com/search/results?subaction=viewrecord&-
from=export&id=L631722449%0Ahttp://dx.doi.org/10.1007/s41999-019-
00221-0. DOI: 10.1007/s41999-019-00221-0



Trabajo Original

ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

RV

Obesidad y sindrome metabdlico

Nutritional guidance, monitoring, and supplementation before and after bariatric
surgery — Are we doing this correctly?

Orientacion, sequimiento y suplementacion nutricional antes y después de la cirugia bariatrica:
¢lo estamos haciendo correctamente?

Mariane Marques da Silva, Dan Linetzky Waitzberg, Regiane Macedo Silva Dippolito, Priscila Sala, Samira Barcelos, Marco Aurélio Santo,
Ana Cristina Martinez, and Raquel Susana Torrinhas

Department of Gastroenterology (LIM 35). Surgical Division. Faculdade de Medicina da Universidade de Sdo Paulo. Cerqueira César, Sdo Paulo. Brazil

Keywords:

Nutrition surveys.
Nutritional status.
Nutritional
requirements.

Nutrition assessment.

Bariatric surgery.
Gastric bypass.

Palabras clave:

Encuestas de
nutricion. Estados
nutricionales.
Requerimientos
nutricionales.
Evaluacion
nutricional. Cirugia
bariétrica. Baipas
gastrico.

Abstract

Background and aims: minimizing nutritional depletions after a Roux-en-Y gastric bypass (RYGB) may improve clinical results in the treatment
of obesity. We evaluated nutritional aspects of obese women undergoing RYGB at a reference university hospital with a department specialized
in bariatric surgery.

Method: based on the Dietary Reference Intakes developed by the Food and Nutrition Council, Institute of Medicine, and the guidelines issued
by the American Society for Metabolic and Bariatric Surgery, we assessed the quantitative and qualitative adequacy of nutritional intake, supple-
mentation, and biochemical monitoring of 20 women both before and 3 and 12 months after a RYGB. Data on nutritional intake was obtained by
applying different food surveys, quantitatively interpreted by the Virtual Nutri Plus® software and using reference nutritional databases.

Results: nutritional intake deficits were already found before the RYGB (p < 0.05). These worsened postoperatively (p < 0.05), a period also
marked by a qualitatively poor diet. The nutritional supplementation prescribed did not fully achieve the reference recommendations, and was
poorly complied with by patients. Furthermore, nutritional monitoring was not carried out in all patients, recommended biochemical markers were
not screened, and vitamin D depletions occurred.

Conclusion: our data suggest that institutions specialized in bariatric patient care may not be adequately adhering to well known guidelines, or
applying efficient strategies to improve compliance.

Resumen

Antecedentes y objetivos: minimizar el deterioro nutricional después del baipés gastrico en Y de Roux (BGYR) puede mejorar los resultados
clinicos en el tratamiento de la obesidad. Se evaluaron aspectos nutricionales de mujeres obesas sometidas a BGYR en un hospital universitario
de referencia con servicio especializado de cirugia bariatrica.

Método: con base en la Ingesta Dietética de Referencia desarrollada por el Consejo de Alimentos y Nutricion del Instituto de Medicina, y las
directrices de la Sociedad Estadounidense de Cirugia Bariatrica y Metabdlica, evaluamos la adecuacion cuantitativa y cualitativa de la ingesta
nutricional, la suplementacion y el seguimiento bioguimico de 20 muijeres tanto antes como 3 y 12 meses después de un BGYR. Los datos de
la ingesta nutricional se obtuvieron mediante la aplicacion de diferentes encuestas alimentarias, interpretadas cuantitativamente por el software
Virtual Nutri Plus® y utilizando bases de datos nutricionales de referencia.

Resultados: se encontraron déficits de ingesta nutricional antes del BGYR (p < 0,05). Estos empeoraron en el postoperatorio (p < 0,05), periodo
también marcado por una mala alimentacion cualitativa. La suplementacion nutricional prescrita no cumplié plenamente con las recomenda-
ciones de referencia y no fue bien cumplida por los pacientes. Ademas, la monitorizacion nutricional no se aplicd en todos los pacientes y no se
examinaron todos los marcadores bioquimicos recomendados, hallandose depleciones de vitamina D.

Conclusion: nuestros datos sugieren que las instituciones especializadas en la atencion de pacientes baritricos podrian no estar siguiendo
adecuadamente las pautas recomendadas, ni aplicando estrategias eficientes para mejorar su cumplimiento.
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DOING THIS CORRECTLY?

INTRODUCTION

A high consumption of foods rich in energy density (mainly
processed) and poor in protein, whole grains, and micronutrients
may favor protein and micronutrient depletion in obese subjects
(1,2). As part of the treatment of obesity, the Roux-en-Y gastric
bypass (RYGB) is efficient in promoting significant and sustained
weight loss along with metabolic benefits (i.e., diabetes remis-
sion), but being a restrictive and malabsorptive procedure it may
worsen previous nutritional deficits and induce new ones (3,4).
These deficits may range from 33 % to 40 % in the first year
after surgery, and may contribute to the development of some
debilitating organic disorders such as osteoporosis, Wernicke’s
encephalopathy, anemia, and peripheral neuropathy (5,6).

In this scenario, nutritional guidance and monitoring through
multiple nutritional indicators are required for patients submitted
to RYGB both before and after the procedure. Particularly, quan-
titative and qualitative data on food intake offer the main param-
eters on which to design dietary interventions, while reference
guidelines can be applied for adequate nutritional supplementa-
tion and monitoring (7,8). When properly followed, these practices
may help to achieve better clinical results in maintaining nutritional
status and weight control after surgery (9,10).

The Bariatric and Metabolic Surgery Unit at the Digestive Sur-
gery Department of a reference university hospital in the public
health care system employs nutritional guidance and follow-up
before and after RYGB. We assessed some dietetic and nutrition-
al indicators in obese women treated at this institution in order
to evaluate whether the dietary guiding and nutritional supple-
mentation/monitoring offered were adequate in terms of adher-
ence, sufficiency/insufficiency, and intervention period (pre- and
post-operative). In parallel, by comparison with the reference tool
“7-day food record” (7dR) we tested whether a 24-hour food
recall (24hR) could adequately identify depletions in nutritional
intake in this population, to allow an early design of proper dietary
interventions.

MATERIALS AND METHODS

ETHICAL ISSUES AND SUBJECTS

The present investigation is part of the SURMetaGIT study (11),
registered at www.clinicalTrials.gov (NCT01251016). Its specific
protocol was approved by the local Ethics Committee (protocol n®
1011/19). After signing an informed consent form, 20 alphabet-
ized adult women (18-60 years)who were obese (35-50 kg/m?
of body mass index [BMI]) and candidates to RYGB were select-
ed from February 2011 to December 2014. Exclusion criteria
included refusal to participate in the study and participation in
another interventional study protocol. All patients were submitted
to a standardized RYGB without silicone ring and with standard
biliopancreatic (50-60 cm) and feeding (100-120 c¢m) loop size,
while routinely receiving dietary counseling along with the pre-
scription of nutritional supplementation and monitoring before and
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after surgery. All the patients were assessed during the preoper-
ative period and at 3 and 12 months after the RYGB for different
nutritional indicators.

ANALYSIS OF THE QUANTITATIVE AND
QUALITATIVE ADEQUACY OF FOOD INTAKE

A quantitative food intake analysis was performed by using the
reference method 7dR. In order to fill out the 7dR questionnaire
each patient took home a Food Consumption Book - Visualizing
Portions (12) after being properly instructed on how to select the
photo number corresponding to the size of the portion ingested.
During the recording week each patient received a telephone call
to remind her to fulfill the food consumption book and to solve any
possible doubts. In parallel, quantitative analyses of food intake
were also carried out by applying a 24hR questionnaire. This was
done to evaluate whether this simple tool, which offers immediate
data on food intake, could perform similarly to the 7dR in the
studied population. To answer the 24hR form the amount of food
consumed was recorded in terms of units, home measurements,
or through photos, during face-to-face interviews. The Virtual Nutri
Plus® software (VNP) (13) was used to calculate total calories,
macro and micronutrient intake, from the data obtained from both
the 7dR and 24hR tools. The following data sources were used to
estimate the nutritional composition of the ingested meals: Table
of Chemical Composition of Food, developed by Sonia Tucunduva
Philippi (14), and a local Table of Food Composition (TACO) (15).
For the qualitative food intake assessment, a food frequency query
(FFQ) including the most usual diets of our patients was applied.
This included type, origin (i.e., natural or processed) and method
used for cooking, milk and dairy products, animal proteins, oils,
appetizers, cereals/legumes, fruits and vegetables, candy and
desserts, drinks, and diet and light products (Table IV).

To verify the adequacy of the amount of nutrient intake in the
pre- and post-operative periods from 7dR data we assessed
compliance with the reference tables of the Dietary Reference
Intake (DRIs) issued by the Food and Nutrition Council, Institute of
Medicine(16) rather than prescribed energy and individual nutrient
intakes. As protein intake, accordingly to the DRIs, is recommend-
ed in relation to body weight, this was calculated considering the
mean weight of our patients for each period studied. To assess
the adequacy of nutrient quality from FFQ data at the postop-
erative period, we verified compliance with the groups of foods
recommended by the Nutritional Pyramid for Post-gastric Bypass
Patients (17). Intake values up to 25 % above or below the rec-
ommended levels were considered adequate.

ANALYSIS OF NUTRITIONAL
SUPPLEMENTATION ADEQUACY
AND ADHERENCE

The nutritional supplementation offered to the patients was
analyzed in terms of: 1) Adequacy: we verified whether the sup-
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plements prescribed by the Nutrition Service matched those
recommended for bariatric patients by the American Society for
Metabolic and Bariatric Surgery (ASBMS)(18). 2) Adhesion: we
verified whether bariatric outpatients had taken the recommended
supplementation by asking them about it from their first consulta-
tion — when the answer was yes, we recommended continuation;
when the answer was not, we recommended to start taking the
supplementation.

ANALYSIS OF THE PERFORMANCE AND
MONITORING OF NUTRITIONAL COUNSELING

To assess the performance of nutritional counseling wheth-
er the systemic levels of biochemical markers for protein and
micronutrients were within the normal range was assessed. This
evaluation was limited to the biochemical exams performed only
by medical indication, which allowed us to identify the frequency
of the nutritional and blood chemistry monitoring applied.

SAMPLE SIZE AND STATISTICAL ANALYSIS

A sample of 20 participants was considered adequate to obtain
representative data and a comparison of two food consumption
assessment tools (24hR and 7dR), with a power of 80 % calculat-
ed based on the number of nutrient measurements and the num-
ber of instruments through a non-parametric ANOVA test, under a
0.05 alpha value. Descriptive data and continuous variables were
expressed in terms of mean and standard deviation or median and
minimum-maximum values. For the comparative analysis of data
we used Student’s t-test and paired Mann-Whitney test when
appropriate, with a confidence level of 95 %. All analyses and
graphs were carried out using the R program (version 3.4.1).

RESULTS

DESCRIPTIVE PATIENT DATA

Patients had a mean age of 48.7 + 7.0 years, and their descrip-
tive characterization is shown in table I. All patients experienced a
decrease in body measurements and weight loss after their RYGB.

PRE- AND POST-OPERATIVE QUANTITATIVE
ASSESSMENT OF NUTRITIONAL INTAKE

The quantitative data on food intake obtained with the 7dR are
described in table V (calories and macronutrients) and table VI
(vitamins and minerals). There was a significant reduction in the
consumption of calories, macronutrients, and micronutrients
(except vitamins B12, C and D, and calcium) per day at 3 and
12 months after RYGB, as compared to the preoperative period.
A lower intake of polyunsaturated fat and a higher intake of car-

M. M. Silva et al.

Table I. Descriptive characteristics
of the obese patients submitted
to Roux-en-Y gastric bypass

Variable Factor Value
Brown 25.0
Ethnicity (%) Black 15.0
White 60.0
Incomplete elementary school 15.0
Elementary school 25.0
Scholarity (%) High school 35.0
Incomplete graduation 5.0
Graduation 20.0
Preoperative 1145+15.9
Weight (kg) Postoperative, 3 months 942 +13.8
Postoperative, 12 months 80.1+115
. Preoperative 46.4+5.4
a(;%gass index Postoperative, 3 months 379+42
Postoperative, 12 months 325+ 3.7
o Preoperative 138.5+12.3
\(/g;l; VHip ratio Postoperative, 3 months 1231 +11.6
Postoperative, 12 months 1122 +99

bohydrates were observed at the 12-month postoperative cutoff,
in comparison to the 3-month postoperative cutoff. No significant
differences were observed in the data between the 24hR and 7DR
tools regarding the intake of energy, macronutrients, and micro-
nutrients indicated for supplementation in RYGB patients (vitamin
B12, folate, iron, zinc, and calcium) (p > 0.05) (Fig. 1). Neverthe-
less, at the 12-month postoperative cutoff the 24hR tool did not
identify the increase in carbohydrate intake identified by the 7dR
(versus at 3 months postoperative), and highlighted a deficit in
vitamin D and calcium intake (versus at 3 months postoperative)
not identified by the reference tool 7dR.

As shown in table I, according to the DRI recommendations,
excessive carbohydrate and deficient protein and fiber intakes
were observed preoperatively. The consumption of carbohydrates
and proteins was slightly below and above these recommenda-
tions at 3 and 12 months after surgery, respectively, whereas the
deficiency in total fiber consumption was aggravated by surgery
in both the short (3 months) and long term (12 months). Inad-
equate preoperative consumption of micronutrients included a
mild insufficiency of vitamins B2 and B6, phosphorus, selenium,
and zinc; a relevant deficiency in the ingestion of vitamins B5,
D and E, folate, calcium, magnesium, and potassium; and an ele-
vated consumption of sodium. All inadequacies in micronutrient
consumption worsened postoperatively, except for vitamin D and
iodine (whose intakes showed a slight increase in the postoper-
ative period at 3 months) and sodium (whose intake decreased
slightly in the two post-operative time points evaluated);
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Figure 1.

Ingestion of micronutrients by obese patients before and at 3 and 12 months after a Roux-en-Y gastric bypass, according to a 7-day food registry and 24-hour food recall.
Data are expressed as median ingestion per period (pre- and 3 and 12 post-operative months). Pre: preoperative; Post 3M: at 3 months postoperative; Post 12M: at 12
months postoperative; 24h: 24-hour food recall; 7D: 7-day food record.

Table Il. Adequacy of nutrient intake by obese patients before and 3 and 12 months
after a Roux-en-Y gastric bypass, according to the Dietary Reference Intakes (DRIs)

. . Postoperative

Nutrient DRIs Preoperative 3 months 12 months
Protein (g/kg) 0.8 06=09 05=x1.1 07+1.6
Carbohydrates (g) 130.0 208.8+ 47.3 112.8+ 34.0 140.2 + 49.7
Total fiber (g) 25.0 15.0 5.6 97+39 10.0+3.3
Vitamin A (ug) 700.0 737.8+ 693.6 700.9 + 637.1 772.8+ 874.4
Vitamin B1 (mg) 1.1 1612 1.0 = 0.6 0903
Vitamin B2 (mg) 1.1 09=03 07x04 06=+04
Vitamin B3 (mg) 14.0 168+ 5.5 10.4 = 41 11655
Vitamin B5 (mg) 5.0 20x05 1.5+ 0.6 1406
Vitamin B6 (mg) 1.3 1.0=0.3 07=x0.2 0.8 +0.23
Vitamin B12 (ug) 2.4 33+47 1.45 = 0.8 1.3+0.38
Vitamin C (mg) 75.0 359.3+ 799.2 136.4+ 113.57 1071« 71.5
Vitamin D (ug) 5.0 1.6 4.1 34127 03+0.2
Vitamin E (mg) 15.0 9.6 =3.0 64+18 6.4+16
Calcium (mg) 1000.0 517.9 = 135.7 477.2 +204.9 460.7 = 215.9
Copper (mg) 09 3.8+133 0.7 0.3 0.7+05
Folate (ug) 400.0 127.8 = 32.6 95.0 = 52.0 88.5 = 47.0
Iron (mg) 18.0 38.6+ 81.8 9.1+125 8.7+5.0
Phosphorus (mg) 700.0 658.9 = 184.7 461.2 = 156.2 488.0 = 142.6
Magnesium (mg) 320.0 150.4 = 33.2 104.7 = 27.6 1124 = 33.3
Manganese (mg) 1.8 21+35 2.06+ 521 1.0+0.3
Potassium (mg) 4700.0 1719.1 = 375.8 13411 = 411.2 1313.8 = 432.1
Selenium (ug) 55.0 475+105 265 =127 279+ 176
Sodium (mg) 1300.0 3534.2 + 804.2 2731.4 + 556.4 2444.2 + 422.7
Zinc (mg) 8.0 71+23 48+19 5.6+22

Data on consumption expressed as mean + standard deviation. Values highlighted in bold and italics indicate intake below and above DRI recommendations, respectively.
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Table lll. Adequacy of daily micronutrient
supplementation prescribed for
obese patients submitted to Roux-
en-Y gastric bypass, according to the
recommendations of the American
Society for Metabolic and Bariatric
Surgery (ASMBS)

Micronutrient ASMBS . Service .
Recommendation | supplementation

Vitamin A 5,000-10,000 Iu/day 16,000 IU/day
Vitamin B1 >12 mg/day 3 mg/day
Vitamin B12 350-500 pg/day 500-1,000 pg/month
Vitamin D 3,000 IU/day 4,400 1U/day
Vitamin E 15 mg/day 0
Vitamin K 90-120 pg/day 0
Calcium 1,200-1,500 mg/day 1,200 mg/day
Copper 2 mg/day 0
Iron 45-60 mg/day 40-80 mg/day
Folate 400-800 pg/day 0
Zinc 8-22 mg/day 0

Values highlighted in bold indicate intake below ASMBS recommendations.

however, these micronutrients continued to be consumed in inad-
equate amounts as compared to DRIS. Some inadequacies in
micronutrient consumption were exclusive to the postoperative
period, including those of vitamins B3 and B12, iron, and cop-
per in both postoperative time points, and of manganese at 12
months after surgery.

POSTOPERATIVE QUALITATIVE ASSESSMENT
OF NUTRITIONAL INTAKE

There was a decrease in the consumption frequency of the most
important protein sources reported by our patients at 12 months
after RYGB, including chicken meat, solid fresh cheese, skimmed
or semi-skimmed milk, and legumes, in relation to the postopera-
tive 3-month cutoff. The exception in this food group occurred for
beef, whose intake remained similar at 3 and 12 months postop-
eratively. There was also an increase in the consumption of tubers,
white rice, pasta, bread, and biscuits at 12 months after surgery
as compared to the 3-month postoperative cutoff. In parallel, no
changes were observed in the intake of raw and cooked vegeta-
bles and fruit with low sugar content.

According to the food pyramid recommended by the ASMBS,
the intake of protein-rich foods, and of raw and cooked vege-
tables and fruits with low sugar contents was deficient at the
post-operative time points studied. Tubers were not consumed
or were below the recommended amount, regardless of the small
increase in the amount ingested at 12 months after surgery.

M. M. Silva et al.

The specific analysis of the food groups whose ingestion the
ASMBS advised against showed that at the 3-month postoper-
ative cutoff half of the patients consumed sausages (sausage,
salami, ham, and mortadella) and 40 % consumed sandwiches,
pizza, sfiha, snacks, cheetos, and fasts-foods at least once a
week, whereas at the 12-month postoperative time point the
consumption frequency of these foods had not changed but the
number of patients consuming them increased. The consump-
tion frequencies of margarine and diet soft drinks were high in
the postoperative period after 3 months (2-4 times per week).
In the 12-month postoperative cutoff only the frequency of diet
soft drink consumption decreased, but the number of patients
consuming both these foods increased.

ADEQUACY OF NUTRITIONAL
SUPPLEMENTATION

In addition to the recommendation for supplementary protein
ingestion, the patients who underwent RYGB in the present study
had prescriptions for a multivitamin supplement (in drops) provid-
ed by the institution (116,667 IU of vitamin A; 0.1 mg of vitamin
B1; 0.067 mg of vitamin B2; 0.467 mg of vitamin B3; 1,667 mg
of vitamin C; 30 IU of vitamin D), as well as for supplementation
with vitamin D and vitamin A (3,000 IU/day and 16,000 IU/day,
respectively, in drops), vitamin D (4,400 in tablets), vitamin B12
(500-1,000 pg/month in injections), iron (40-80 mg/day in tab-
lets), and calcium (1,200 mg/day in tablets) to be purchased by
the patients themselves with their own resources. The total sum
of these supplements provided adequate amounts of calcium
and iron, higher amounts of vitamins A, D, and B12, and insuf-
ficient vitamin B1, according to the ASMBS recommendations
(Table Ill). These supplements did not include vitamins E and
K, copper, folate, and zinc (also recommended by the ASMBS),
whose supplementation was prescribed only occasionally, and at
the discretion of the physician in charge. Of the study patients,
in the postoperative period one received a specific prescription
of zinc (tablets), two of folic acid (tablets), and one of protein
(albumin or whey protein), whereas no prescriptions were issued
for vitamins E and K in any of them.

ADHERENCE TO NUTRITIONAL
SUPPLEMENTATION

The supplements prescribed in both postoperative periods were
only partially taken by the patients. Supplement compliance at
3 months postoperatively was 100 % for multivitamin HC; 40 %
for vitamin D and vitamin A; 75 % for vitamin B12; 10 % for folic
acid; 85 % for iron; 40 % for albumin; 0 % for zinc; 20 % for cal-
cium; and 5 % for protein. Supplement compliance at 12 months
postoperatively was 90 % for multivitamin HC; 45 % for vitamin
D and vitamin A; 20 % forvitamin B12; 75 % for folic acid; 80 %
for iron; 10 % for albumin; 5 % for zinc; 25 % for calcium; and
0 % for protein.
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Table IV. Food frequency query administered to obese patients 3 and 12 months
after a Roux-en-Y gastric bypass

. Frequency
Food Portion >2/ | 56/ | 2-4/ | 1/ | 1-3/ Amount
n°/description = ) ) )
( ption) | 1/day day | week | week | week | week 32! (g/mL)

Skimmed milk

Semi-skimmed milk

Whole milk

Yogurt

White cheese (mines/frescal)

Yellow cheese (dish/mozzarella)

Creamy cheese

Fried/scrambled egg

Boiled egg

Beef meat

Pork meat

Chicken

Fresh fish

Canned fish (sardines, tuna)

Sausages (sausage, salami, ham, mortadella)

Meat preserved in salt (cod, dried meat,
feijoada ingredients)

Viscera (liver, kidney, heart)

Olive oil

Salad dressing

Bacon

Butter

Margarine

Mayonnaise

Snacks (crisps, cheese, peanuts)
Sandwiches

Pizza
Sfiha
Canned food (corn, peas, palm hearts, olives)

Brown rice

Polished rice

Whole grain bread
French bread

Salty crackers
Sweet cookies
Cakes
Spaghetti

Beans

Raw leaf

Sautéed/cooked

(Continuation in the next page)
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Table IV (Cont.). Food frequency query administered to obese patients 3
and 12 months after a Roux-en-Y gastric bypass
. Frequency

Food Portion 2/ | 56/ | 2.4/ | 1/ | 1-3/ Amount
n°/description = ) ) )
( ption) | 1/day day | week | week | week | week it (9/mL)

Raw vegetables

Cooked vegetables

Tubers (manioc, potatoes, yams)

Fruits

Ice cream

Pies

Jelly

Candy

Chocolates

Coffee with sugar

Coffee without sugar

Natural juice with sugar

Natural juice without sugar

Artificial juice with sugar

Artificial juice without sugar

Soda

Sweeteners

Margarine

Cottage cheese/yogurt

Soft drinks (light)

PERFORMANCE/MONITORING OF
NUTRITIONAL SUPPLEMENTATION

Patients frequently presented normal values for biochemical
markers of protein and micronutrients at all study time points.
The exception was lower levels of vitamin D in the preoperative
period (17 [9-27]) as compared to the reference value (30-100),
which almost normalized during the postoperative period at 3
(26 [15-45]) and 12 months (26 [21-32]). Borderline hemoglobin
and protein values were found in all of the study cutoff time points
but remained within the normal range. However, the monitoring
of nutritional blood chemistry markers was poor in frequency and
comprehensiveness, only partially meeting ASMBS recommenda-
tions. No requests for vitamin A, B1, K, and E testing were found
for any of the patients studied at any of the evaluated periods, nor
for zinc (at 3 months) and copper (at 3 and 12 months) during the
postoperative period. In addition, the evaluated markers were not
assessed in the total patient population.

DISCUSSION

A marked decrease in macronutrient intake is largely reported
after bariatric procedures, so that food intake may result in a

deficiency > 50 % in nutritional needs in some patients (19,20). In
particular, protein consumption may fall dramatically and become
insufficient, possibly due to intolerance of protein sources, mainly
of meat (5,21-23). Accordingly, our sample of patients submitted
to RYGB exhibited a deficiency in protein intake (mean, 50 g/
day), but this did not worsen in the long term, and they tolerated
eating meat. When comparing the 3- and 12-month postoperative
cutoffs, we found significant changes only in the consumption of
carbohydrates (increased) and polyunsaturated fats (decreased).
These changes occurred in parallel to a high intake of industrial-
ized foods and a consequent decrease in the use of polyunsaturat-
ed fats for food cooking. An insufficient consumption of total fiber
was also observed by us, and is consistent with the higher intake
of refined and industrialized carbohydrates. Since the amount and
quality of the carbohydrates ingested during the postoperative
period of bariatric surgery may result in reduced weight loss (24),
our data suggest the relevance of controlling carbohydrate intake
in patients having undergone a RYGB, and highlight the difficulties
involved in achieving this aim, even under nutritional counseling.

Depletion of micronutrients is also widely reported in bariatric
patients even before surgery (7,25,26). Accordingly, deficits in
micronutrient intake were largely observed by us before the RYGB,
although some of these occurred only postoperatively. Actual-
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Table V. Ingestion of calories and macronutrients by obese patients before and 3
and 12 months after a Roux-en-Y gastric bypass, according to a 7-day food registry

Variable T e Posto::):ative, Postt:ger:;ative, p-\;:l)lue p-\;;)lue p-\g)lue
Galores (kca) 672598950 514913825 48718049 <000 | <0007 007
Proteins (g) 43.701_;9'8 2227_'872'7 24.517—;6.2 < 0.001 0.007 0.128
Carbohydrates (g) 1 202?3338 5 65.179?53. 9 6 4.182—254. 1 < 0.001 < 0.001 0.037
Total fibers (g) 6 ;33? 1 4 19_'147] 4 49_'175 4 0.001 0.002 0.783
Insoluble fibers (g) 1 2?33 0.532 0?:‘2.5 0.02 0.004 0.6
Soluble fibers (g) 01683?6 0(13132 0;23 0.019 0.012 0.388
Total fat (g) 34%2_59.5 19?':2.9 26.357—.5?3.6 <0.001 < 0.001 0.886
Saturated fat (g) 98115278 2 5 ;_'197 3 5 19—.176. A <0.001 <0.001 0.841
Monounsaturated fat (g) 8_126:'25;3 4;21(;2 7;11[;7 < 0.001 0.002 0.654
Polyunsaturated fat (g) 6. ;21 :3 3 57&?'150. 3 322 9 <0.001 < 0.001 <0.001
Cholesterol (mg) 62.13??323.7 52.142-25354.2 59.19:3-25*21 4 0.007 0.004 0.784

p-value (1): at 3 months postoperative vs. preoperative, p-value (2): at 12 months postoperative vs. preoperative; p-value (3): at 12 months postoperative vs. 3 months
postoperative. Results obtained using Student’s t-test and Mann-Whitney paired test, expressed as median and minimum-maximum ingestion values for the period.

Italic values indicate a significant statistical difference (p < 0.05).

ly, we found depletions of all the assessed micronutrients early
(3 months) after surgery except for vitamins C and A, and sodi-
um. Deficits in micronutrient intake may negatively impact several
physiological functions, and increase the risk of comorbidities, as
well as affect the metabolism of leptin and insulin (27).

A qualitative improvement in food ingestion should compensate
for the small portion of diet actually eaten, but this goal seems
difficult to achieve. A low consumption of food sources of proteins,
fruits, vegetables, and vegetable oils, and a high consumption of
carbohydrates, sugars, and fats are reported in this population
(28). Indeed, the postoperative intake of foods to be avoided, as
recommended by the ASMBS, remained high in our study. This
finding suggests that, despite receiving nutritional counseling, our
patients exhibited quantitative but not qualitative dietary changes,
which may result in relevant nutritional deficiencies.

Nutritional guidance seeking to promote the quality of food
intake and to include micronutrient supplementation after bar-
iatric surgery is fundamental to avoid the potential nutritional
deficiencies to which bariatric patients are most susceptible (29).
The patients who took part in this study were advised to prioritize
protein-rich foods and to avoid caloric and/or highly processed
foods with low nutritional quality for consumption, along with the
intake of specific vitamin-mineral supplements. However, adher-
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ence to these recommendations was low, and the quality of the
nutritional supplementation that was recommended did not fully
comply with the ASMBS recommendations (18). In addition, we
also found inadequacies in nutritional biochemical monitoring,
even considering that not all patients included the study were
examined for serum levels of nutritional markers, and some of the
markers recommended by the ASMBS (18) were not measured in
the patients examined.

There is no specific strategy to correct the inadequacies point-
ed out in our study concerning the nutritional care of patients
submitted to RYGB. Nevertheless, such strategies may include
actions to promote patient education regarding the nutritional and
clinical consequences of their surgery. Educational actions should
start already during the preoperative period, since orientations to
promote meal fractioning, increase intake of high nutritional value
foods, and decrease high-calorie foods have been shown their
ability to modify the dietary patterns of pre-bariatric patients (30).
Particularly, in our study, the application of a 24hR questionnaire
provided data on nutritional intake quite similar to those provided
by the 7dR. Our findings shed some light on the possibility of
obtaining representative data on the eating habits of patients sub-
mitted to RYGB from the first visit, thus allowing early, personalized
nutritional counseling.



486

M. M. Silva et al.

Table VI. Ingestion of micronutrients by obese patients before and 3 and 12 months after a
Roux-en-Y gastric bypass, according to a 7-day food registry

Variable e Posto::ative, Postc;zer:‘ative, p-\;:)lue p-\;:)lue p-\g)lue
Vitamin A (mg) 1 53.476-125155.6 63.(5))?20328.1 28.3-621?13.2 0.596 0.756 0622
Vitamin B1 (mg) 0;26 0.3(1'?2.5 02?7 0.007 < 0.001 0.701
Vitamin B2 (mg) o.gi?. i o.gi?. i o.gg. . 0.03 <0.001 0.784
Vitamin B3 (mg) 71522 1 4;0212 5 4;02; ] <0.001 0.002 0.729
Vitamin B (mg) 1 10927 . o.;g.g O.;g] 0.010 <0.001 0.189
Vitamin B6 (mg) N ;? i o.gj.z o.(z);?. 5 0.010 0.014 0.261
Vitamin B9 (mg) 89}2_12'(?0. . . 57?55 1 30;?2'; . 0.021 0.001 0.571
Vitamin B12 (mg) . 61_'126.9 0;:2;'3 051; - 0.729 0.070 0.294
Vitamin G (mo) 25.:3-1305;5.7 22.11?228.2 5.43;50.3 0409 0097 0522
Vitamin D (mg) . 19'179. 1 . 1?;’7'5 0.3;37 0.231 0.001 0.064
Vitamin E (mg) 4.79_'105.9 3235 3323 0.001 < 0.001 0.959
Gajelum (mg) 31 15328131 106%21);3.0 92?256.4 0.375 o1 07
Copper (mg) 0_59':05 02;?.3 0.225 <0.001 0.004 0312
Iron (mg) 6.81-gf4.8 276_':0] 3.67-;4.2 0.001 < 0.001 0.165
Phosphorts (mg) 428.55?411.0501 1 186%5%?’)4.3 180?297.23.9 <0007 ] <0007 04
lodine (mg) 2.37_'[?7‘3 2;75?2 019?'399.1 0.021 0.165 < 0.001
Magnesium (mg) 85.13%:;?9.6 54.179355.8 46.181-?;4.9 <0007 | <0007 0349
Manganese (mg) 0.71—'126.9 0'5(??4.1 02?9 < 0.001 0.003 0.409
Potassium (0 83;2?232'3;6.9 6301.2—320;6.9 3921.2-0189};4.2 <0.007 0.001 0956
Selenium (mg) 2827_52 . 751 43.3 22582 . <0001 | <0001 0.812
Sodium (9) 2303.?—2:42.7 1792.67%2;77.3 1732%7-13;)28.6 <0007 | <0007 0027
Zinc (o) ) 56_'172 . 1 2;17.7 1 Ig:g] 0.002 0.040 0.202

p-value (1): at 3 months postoperative vs. preoperative; p-value (2): at 12 months postoperative vs. preoperative; p-value (3): at 12 months postoperative vs. 3 months
postoperative. Results obtained using Student’s t-test and Mann-Whitney paired test, expressed as median and minimum-maximum ingestion values for the period.
ltalic values indicate a significant statistical difference (p < 0.05).
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Our study presents some limitations that deserve to be highlight-
ed. We analyzed a small sample made up only of women, but its
size had a power of 80 % power to answer the scientific questions
investigated, and the inclusion of only women by rigid selection
criteria made the population homogeneous for analysis. In addi-
tion, the biochemical data analyzed were restricted to specific tests
requested by physicians. Consequently, there is a shortage of these
analyses, which may account for the fact that we did not find any
biochemical changes in nutritional markers that were consistent
with the non-conformities identified in quantitative and qualitative
nutritional intake. On the other hand, this approach allowed us to
identify a quantitative and qualitative deficiency of requests for blood
chemistry tests capable of reflecting debilitated nutritional states in
the bariatric patients who were cared for in the study’s institution.

In summary, despite receiving routine dietary guidance, our
patients undergoing RYGB presented quantitative and qualitative
deficiencies in nutritional intake, which may compromise clinical
results. Furthermore, the nutritional supplementation and mon-
itoring that was put in place exhibited a poor compliance with
well known guidelines, and/or was poorly adhered to by patients,
suggesting that institutions specialized in bariatric care may be
neither adequately updating these procedures, nor applying effi-
cient strategies to improve compliance.
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Abstract

Introduction: effective ways of overcoming overweight may depend, in part, on the ability to identify mood disorders (anxiety is most prevalent)
and their association with overeating and weight gain. The use of anthropometric indicators for such purposes can inform individual strategies
for intervention before obesity sets in.

Objective: to verify the association between anxiety and anthropometric indicators in university students.

Methods: a cross-sectional study was conducted in 147 undergraduates across all programmes taught by the Federal University of Rio de Janeiro
(UFRJ) at Macaé. A self-assessment questionnaire was administered in order to gather socioeconomic, lifestyle, and anxiety data. Anxiety status
was estimated based on the State-Trait Anxiety Inventory (STAI), and interpreted based on the median of scores (p > 50). An anthropometric
assessment was conducted to measure the subjects’ body mass, body mass index (BMI), and waist circumference (WC). Body fat percentage
(%BF) data were obtained using bioelectrical impedance analysis (BIA). The data were then analyzed using the chi-square and logistic regression
tests, with a 0.05 significance level. For analysis purposes, anxiety was defined as the exposure variable in the present study, and anthropometric
indicators as the outcomes.

Results: the students with an anxiety state p > 50 presented an odds ratio (OR) of 2.69 for being overweight (p = 0.02), as well as an OR of
2.77 for having high BF (p = 0.02) in the adjusted models.

Conclusion: a higher level of anxiety is associated with anthropometric indicators among university students, specifically for overweight or
obesity and high BF percentages.

Resumen

Introduccion: determinar formas efectivas de combatir el sobrepeso puede depender parcialmente de identificar las alteraciones del estado de
animo, entre las cuales prevalece la ansiedad, y asociarlas al consumo excesivo de alimentos. Puede ser Util utilizar identificaciones antropomé-
tricas en tal investigacion para definir estrategias personalizadas antes de que aparezca la obesidad.

Objetivo: verificar la asociacion entre sintomas de ansiedad e indicadores antropométricos en estudiantes universitarios.

Metodologia: este trabajo es un estudio transversal con 147 estudiantes de graduacion de la Universidad Federal de Rio de Janeiro en Macag.
Se recopilaron los datos con un cuestionario autocompletado sobre rasgos socioeconémicos, estilo de vida y sintomas de ansiedad. Se estimd
el estado de ansiedad considerando el Inventario del Estado de Ansiedad (STAI, por sus siglas en inglés) por encima de la mediana (p > 50).
La evaluacion antropométrica consistio en medir la masa corporal, el indice de masa corporal (IMC), la circunferencia de la cintura (CC) y el
porcentaje de grasa corporal (GC), obtenidos por bioimpedancia eléctrica bipolar. El andlisis de datos se realizd mediante pruebas de regresion
logistica y del chi cuadrado, con el nivel de significancia establecido en 0,05. A efectos del andlisis, se definieron como exposicion el estado de
ansiedad y como resultados los indicadores antropométricos.

Resultados: los estudiantes con STAI de p > 50 presentaron una razén de momios (RM) de 2,69 para el sobrepeso (p = 0,02) y de 2,77 para
un nivel alto de GC (p = 0,02) en los modelos ajustados.

Conclusion: entre los estudiantes universitarios, un nivel de ansiedad mas alto se asocia a los indicadores antropométricos de sobrepeso u
obesidad y de nivel alto de GC.
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INTRODUCTION

MATERIALS AND METHODS

Anxiety is an emotion or a negative mood defined by some
authors as apprehension and anticipation of the future. In Brazil,
9.3 % of the population suffers from some kind of anxiety disorder.
This is three times as much as the world average of 3.6 % (1).
On distinct levels, the feelings and symptoms caused by anxi-
ety include increased heart rate, excessive sweating, shaking,
impatience, frustration, irritability, lack of concentration, hypervig-
ilance, cognitive distortions, fear, agitation, and difficulty speaking
(2-4). When experienced at a moderate level, anxiety can impact
learning as well as physical and intellectual performance (5). An
anxiety state is categorized as a passing emotional state of the
human body characterized by unpleasant feelings of tension and
consciously perceived apprehension (6).

In terms of behavior, anxiety is related to a sense of aversion
and an urge to run away, avoiding both affection and negative
experiences (7). Because of this, many people develop harmful
habits such as overeating or illegal drug use for mood regulation.
This contributes to the development of addictions (8) that, in addi-
tion to decreasing serotonin (the neurotransmitter responsible for
good mood), can reduce internal and external stimuli, and induce
excessive and inappropriate increases in food intake. That, in turn,
changes the composition of the body, which consists of fat and
lean mass, as well as water (9,10).

In practice, fat body mass is measured primarily using anthro-
pometric methods with specific equipment and calculations. Body
mass index (BMI), waist circumference (WC), waist-to-height ratio
(WHR), and body fat percentage (%BF) are the most common indi-
cators used for identifying overweight individuals and high body
fat distribution. As an isolated measure, BMI cannot distinguish fat
from lean body mass, and does not take into account the amount
of water, muscle, and bone mass. Bioimpedance tests can be
used to estimate those components by applying electric currents
to body compartments (11). In order to diagnose an individual
as overweight or as having another disorder, a combination of
both indirect methods (anthropometrics and bioimpedance) is
recommended due to their practicality, speed, and wide popu-
ation reach.

In a recent literature review about mood and obesity, anxiety
has been considered a risk factor for overweight, regardless of
the occurrence of depression. Extreme examples cited include
binge eating disorder, with episodes of unusually high food intake
over short periods of time observed under elevated levels of
anxiety and negative emotional states. In fact, eating disorders
had been found in 30 % of obese individuals, according to the
study. In another review based on a meta-analysis, an association
between anxiety and obesity was found in 16 cross-section-
al studies, with an odds ratio of 1.4 (Cl: 1.2-1.6), suggesting
opportunities for further research on specific obesity severity
levels (9,12,13).

While the association between anxiety states and anthropomet-
ric indicators does not specifically denote a causal relationship in
either direction, the present study aims to verify such association
in university students using anxiety as the exposure of interest.
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The target population of the Longitudinal Study on the Nutrition
and Health of University Students (NUTSAU) were students attend-
ing the second semester of each of the seven undergraduate pro-
grammes — Biology, Nursing, Engineering, Pharmacy, Nutrition,
Medicine, and Chemistry — on offer at the Federal University of
Rio de Janeiro (UFRJ), Macaé Campus. Our focus on second-se-
mester students was based on the fact that the students at this
point had had time to become more used to the campus and their
study and dietary routines for at least six months (14).

The data were collected during the second semester of 2015
in classrooms and at the laboratory of the Research Centre on
Health and Society (NUPESS/UFRJ-Macaé), with the assistance
of lecturers and undergraduate research scholars of NUTSAU.

The sample for the study was calculated considering a prevalence
of 12 %, a margin of error of 5 %, and a confidence level of 95 %.
A sample of 147 students was assessed as part of the project.

The students were trained to assist with questionnaire admin-
istration, and the measurements from the anthropometric assess-
ments were standardized to ensure intra- and inter-rater reliability
(15). Classrooms were visited three times on average for different
modules within each programme in an effort to include as many
eligible students as possible.

The questionnaire was designed based on current scientif-
ic literature in adult public health (16-19). A draft version was
pre-tested on nutrition students, and any terms or words not fully
understood were replaced. The final version included questions
related to gender, age, housing situation regarding house share,
economic class, physical exercise, sedentary lifestyles, smoking
habits, drinking habits, and anxiety symptoms.

INCLUSION AND EXCLUSION CRITERIA

Inclusion criteria: second-semester students aged between 17
and 25 years, determined based on habits and routines observed
at least six months into their undergraduate studies (14).

Exclusion criteria: pregnant and nursing women, as well as
individuals with physical limitations for whom an anthropometric
assessment would be impracticable.

Exposure: anxiety symptoms

Anxiety symptoms were assessed using the State-Trait Anxiety
Inventory (STAI) scale (6), a self-reported instrument consisting of
20 items in which respondents used one of four ratings (1 = almost
never; 2 = sometimes; 3 = often; 4 = almost always) to describe
how they felt generally (6,19). Each of these items comprised two
parallel scales, one for assessing trait anxiety (STAI-T) and another
for state-anxiety (STAI-S). A score of 1-4 was assigned to each
answer for quantification and interpretation purposes. For positive
questions, the answers were marked in reverse scale (“almost
always” scored 1 and “almost never” scored 4). For STAI-S, ques-
tions 1,2,5,8,10,11,15, 16, 19 and 20 were positive (6,19).
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The scores for each completed questionnaire ranged between
20 and 80. Anxiety values were interpreted dichotomically based
on the median value of the scores returned by the analysis of
the student-filled questionnaires, as suggested by the relevant
literature for use with the STAI anxiety assessment instrument
(20-22). As the median was 43 points for both state anxiety and
trait anxiety, any anxiety scores equal or greater than 43 points
were considered high for both anxiety types in the present study.

OUTCOME: ANTHROPOMETRIC INDICATORS

Body mass (kg) was measured according to Lohman & Martorell
(15), using a 50 g precision Tanita Inner Scan® digital scale with
a maximum capacity of 150 kg. Each subject dressed in light
clothing stood barefoot on the scale’s platform. Height was also
measured according to Lohman & Martorell (15) using a 1-cm
precision Alturaexata® portable stadiometer. The subjects stood
upright with their bare feet together, head facing forward in the
Frankfurt plane, knees straight, and heels touching the base of the
stadiometer. The BMI values were obtained from a calculation of
the body mass divided by the height squared (kg/m?), categorized
into the ranges used by the World Health Organization for teenag-
ers (< 20 years) and adults (> 20 years) (23,24), and classified as
either adequate (< 25 kg/m?) or excessive (25 kg/m?).

Waist circumference (WC) was measured with a stretch-resis-
tant tape at the midpoint between the last palpable rib and the
anterior superior iliac crest on exhalation, as described by Lohman
and Martorell (15). The values obtained were considered adequate
measures if < 94 cm or risk factors if > 94 cm for men. The cut-
off point for women was 80 c¢m (21).

Body fat percentage (%BF) was measured for the lower limbs
using a Tanita Inner Scan® device with bioelectric impedance
analysis (BIA) capabilities. A protocol, which included fasting,
no-caffeine, no-alcohol, hydration, and exercise policies, was
adopted as preparation for the physical assessment (25). Body
fat percentages were categorized using the Lohman and Martorell
procedures (15) for statistical analysis, with values < 15 % in the
‘adequate’ range, and > 15 % in the ‘high’ range for males. For
females, body fat values < 23 % were considered adequate, and
values > 23 % were considered high.

The impedance and anthropometric assessments were con-
ducted in the morning, and the questionnaires were administered
in the afternoon.

DATA PROCESSING AND ANALYSIS

The statistical analysis was run on SPSS v. 21 software, and
Epi-Info with double data entry was used for processing. Frequen-
cy and prevalence data were presented for categorical variables,
and a comparison was run between groups using chi-squared
tests.

The association between exposure (state anxiety), via the
median, and the outcome (anthropometric indicators), whether

M. A. S. Nogueira et al.

at adequate or inadequate levels, was determined with a logistic
binary regression analysis to estimate crude and adjusted odds
ratios (OR) for each indicator.

The state anxiety variable was dichotomized and character-
ized as < median (43 points) and median (43 points). This value
refers to the group median according to the authors who use the
instrument and follow this premise (23-25) based on the fact
that the STAI instrument cannot diagnose the level of anxiety,
but it can identify it. The anthropometric indicators were dichoto-
mized as follows: BMI and %BF were considered either adequate
or excessive; WC and WHR were considered either adequate or
increased risk. Adequate BMI, WC, %BF, and WHR were used as
the reference category for the indicators.

The adjusted model for BMI was composed of the following
variables: gender, walking time per day, and alcohol consump-
tion, the confounders that influence the association under study
the most. For the remaining indicators, WC, %BF, and WHR were
adjusted by age, walking time/day, energy, and alcohol consump-
tion. The significance level used for the test was < 0.05.

ETHICAL ASPECTS

The NUTSAU project was authorized by the campus general
director of the Federal University of Rio de Janeiro at Macag, and
meets the criteria outlined in resolution 466 of December 121,
2012 by the National Health Council, submitted and approved by
the Research Ethics Committee of the Federal University of Rio
de Janeiro, Macaé Campus (CAAE 51104115.4.0000.5699). All
of the students were informed of the purposes of the study as
appropriate, and asked to sign a free informed consent form.

RESULTS

A profile analysis of the 147 university students found that
63.3 % of the subjects were female and approximately two-thirds
of the total of these undergraduates were studying health-related
programs. Self-reported responses established that 53 % of the
students self-identified as white, and 91.8 % were not recipients
of student financial help or bursaries of any kind (housing, under-
graduate research grants, community extension and outreach ser-
vices, or mentoring scholarships). Screen usage time indicators
also showed that 89 % of the students used screens for more than
two hours a day, and significantly more women (94.6 %) engaged
in high levels of usage than men (74.6 %) (p = 0.01) (Table I).

Anthropometric assessments placed nearly one fourth (23.8 %)
of the students in weight categories that put them at increased
health risk based on their BMI, with 16.3 % of overweight and
7.5 % of obese students. The results for WC measurements
showed high and very high risk in 8.2 % of the subjects, with
women accounting for a larger portion of this risk group (p = 0.06).
Increased risk levels of WHR were also found in 10.9 % of the
students, and 22.4 % of the %BF content measures found were
either bad or critical (Table I).
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Table I. Student distribution according to socioeconomic, demographic,
and anxiety state characteristics. Rio de Janeiro, 2020

Variables Total Males Females p-value
Age
Teen 76 (51.7 %) 27 (50 %) 49 (52.7 %) 0.86
Adult 71 (48.3 %) 27 (50 %) 44 (47.3 %)
Course
Biomedical 94 (63.9 %) 17 (31.5 %) 77 (82.8 %) < 0.001
Math 53 (36.1 %) 37 (68.5 %) 16 (17.2 %)
Home
Alone 19 (12.9 %) 8(14.8 %) 11 (11.8 %)
With family 78 (53.1 %) 27 (50 %) 51 (54.8 %) 0.81
With friends 50 (34 %) 19 (35.2 %) 31 (33.3 %)
Scholarship
Yes 12 (8.2 %) 3(5.6 %) 9 (9.7 %) 0.54
No 135 (91.8 %) 51 (94.4 %) 84 (90.3 %)
Screen time
Adequate 16 (10.9 %) 11 (20.4 %) 5 (5.4 %) 0.01
Excessive 131 (89.1 %) 43 (79.6 %) 88 (94.6 %)
State anxiety
> median (43 pts) 73 (49.7 %) 22 (40.7 %) 51 (54.8 %) 0.14
< median (43 pts) 74 (50.3 %) 32 (59.3 %) 42 (45.2 %)
Total 147 (100 %) 54 (100 %) 93 (100 %)

Chi-squared test.

Table Il. Student distribution according to anthropometric variations and gender.

Rio de Janeiro, 2020

Variables Total Males Females p-value
Body mass index
Underweight 3(2%) 2 (3.7 %) 1(1.1 %)
Normal weight 109 (74.1 %) 38 (70.4 %) 71 (76.3 %) 047
Overweight 24 (16.3 %) 11 (20.4 %) 13 (14 %)
Obese 11 (7.5 %) 3(5.6 %) 8 (8.6 %)
Waist circumference
Adequate 135 (91.8 %) 53 (98.1 %) 82 (88.2 %)
High risk 11 (7.5 %) 1(1.9%) 10 (10.8 %) 0.06
Very high risk 1(0.7 %) - 1(1.11 %)
% body fat
Excellent/Good 43 (29.3 %) 22 (40.7 %) 21 (22.6 %)
High/Average/Low 71 (48.3 %) 22 (40.7 %) 49 (52.7 %) 0.07
Bad/Very bad 33(22.4 %) 10 (18.5 %) 23 (24.7 %)
Waist-to-height ratio
Adequate 131 (89.1 %) 50 (92.6 %) 81 (87.1 %) 0.41
Elevated 16 (10.9 %) 4(7.4 %) 12 (12.9 %)
Total 147 (100 %) 54 (100 %) 93 (100 %)
Chi-squared test.

[Nutr Hosp 2021;38(3):488-494]




492

M. A. S. Nogueira et al.

Table lll. Association between anxiety and anthropometric indicators
in university students. Rio de Janeiro, 2020

Variables | CrudeOR(95%Cl) | p-value | AdjustedOR(95%Cl) | p-value*
High body mass index (> 25 kg/m?)
State anxiety
< median (43 pts) 1 1
, 0.04 0.02
> median (43 pts) 2.29 (1.04-5.06) 2.69 (1.16-6.23)
High waist-to-height ratio (> 0.5)
State anxiety
< median (43 pts) 1 1
, 0.05 0.04
> median (43 pts) 3.34 (1.02-10.89) 3.42 (1.02-11.40)
High risk waist
State anxiety
< median (43 pts) 1 1
, 0.09 0.08
> median (43 pts) 3.23 (0.84-12.46) 3.39(0.84-13.67)
High % body fat
State anxiety
< median (43 pts) 1 1
, 0.04 0.02
> median (43 pts) 2.38 (1.05-5.37) 2.77 (1.19-6.44)

*Adjusted for age, walking time/day, energy, and alcohol consumption.

Among the students with anxiety states above average,
the adjusted analysis models found a 2.69 OR for overweight
(p = 0.02) and 2.77 OR for bad or critical %BF (p = 0.02)
(Table 1.

DISCUSSION

This study was developed with university students who faced
numerous challenges and responsibilities after starting their
degree programmes. They suffered from the expectations placed
on them by their families and society at large, and had to deal with
dramatic changes in their daily lives due to exhaustively long hours
of lectures and studies. All of these factors, which were directly
or indirectly linked to the analyzed individuals, may increase the
risk of developing or worsening anxiety symptoms, which has
reflections on anthropometric indicators in the short term, and
poses a potential risk for chronic non-communicable diseases
in the long term.

The sample of students was predominantly made up of female
subjects, and a majority attended health-related programs. Schol-
arly literature has shown that such full-time programs with heavier
workloads, compounded by internal and external pressures, affect
health, which means these students are more prone to showing
signs and symptoms related to anxiety (26).

Approximately half of the students did not live with their fam-
ilies — they either shared accommodation with friends or lived
alone. Additionally, the fact that only 8.2 % received some kind of

financial support in the form of bursaries or scholarships suggests
that 91.8 % of these undergraduates were financially dependent
or had to work for a living, which may have significantly impacted
their quality of life during their education period (27).

One of the lifestyle indicators assessed in the students was
the use of electronic devices, specified as screen time. Prolonged
use of screen devices was the prevailing trend in the sample,
with a predominance of female students exhibiting this behaviour
(p = 0.01). Following controls for potential confounding data (gen-
der, income, body mass, and a variety of behaviours related to
diets and physical exercise), two studies (28,29) found that such
factors can contribute to a deterioration of anxiety symptoms and,
as a result, may adversely affect anthropometric indicators.

A large proportion of the students assessed in the present
study were found to be in the overweight category according to
BMI indicators. Such findings were in line with the data obtained
by the Surveillance System of Risk and Protective Factors for
Chronic Diseases by Telephone (VIGITEL) survey, which revealed
that one third of the young adult population are overweight (15).
International studies have suggested that the increasingly high
BMI values found in young adults could be a consequence of
their lifestyles (30).

However, as much as the BMI analysis provides an important
assessment tool, it cannot alone distinguish between lean and fat
mass, nor can it provide insight regarding their distribution (11). For
this reason, BMI assessment was used in combination with other
important indexes for fat estimation, such as WC and WHR, due to
their ability to provide a simple and valid diagnosis of abdominal
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adiposity, and major indicators of risk factors for heart diseases, for
example (31). The use of WC measurements enabled us to identify
that 8.2 % of the sample was at a high or very high health risk, and
most of these individuals were female. Campagnoli (32) reports
a similar trend, pointing out an association between gender and
greater proneness to obesity due to a number of factors including
the presence of estrogen (a hormone that predisposes an individual
to the formation of fat tissue in the body), a low calorie burn rate,
and a greater tendency to consume more palatable food. A high
WHR was found in 10.9 % of the students, which is associated
with the high values found for WC, and suggests that young adults
have unhealthy lifestyle and dietary habits.

The %BF results provided useful insight into fat and lean mass
discrepancies, and were fairly simple to determine using a variety
of approaches (33). Our study found worrying numbers related to
this metric, with 22.4 % of the subjects in the bad or critical range
of %BF. Considering that 24.7 % of the women involved were in
this range (compared to 18,5 % of the men), the findings seem to
confirm that men and women have different body compositions,
possibly due to hormonal and physiological differences (32).

Most importantly, our study found a significant association
between the highest levels of anxiety and anthropometric indica-
tors for BMI and %BF. Such findings contribute to the results of the
systematic reviews followed by meta-analyses (34), and corrobo-
rate a recent review (9) that linked the mechanisms of anxiety and
obesity with the secretion of hormones such as serotonin. Addi-
tionally, individuals with higher levels of anxiety frequently avoided
situations that could abruptly change their physiological responses,
such as increased heart rate and blood pressure, contributing to
a reduction in physical exercise (35). The combination of hormon-
al and physiological factors can lead to greater consumption of
palatable food due to the neuronal stimulation and dependence it
can induce. High-fat and high-sugar diets can cause inflammatory
and cognitive changes (due to inflammation of the hippocampus,
a critical region responsible for memory), leading to obesity (36).

In relation to the present study, it is important to highlight
the particularities of the data collection location, which, when
compared to other educational institutions, imposes limits on the
sample size. The Macaé campus of the Federal University of Rio
de Janeiro (UFRJ-Macaé) was inaugurated in July 2008, based
on the recognition and evolution of the academic community, with
the objective of creating courses, projects, and research in Macaé,
a municipality in the state of Rio de Janeiro. In 2011, the campus
offered eleven different courses within two different areas: exact
sciences (chemistry, engineering, and pharmacy) and biological
sciences (nutrition, chemistry, nursing, medicine, and biology). In
2015 the data collection of the NUTSAU group took place on this
campus, covering all courses and the whole universe of university
students present there.

One of the limitations related to the study, in addition to the
number of individuals enrolled, is its cross-sectional design, which
defined the scope of the inference. In addition, these characteris-
tics also limit the analysis options with more stratification ranges.
Because of this, it was then decided to work with the median,
aiming at more homogeneous and comparable groups, in addi-
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tion to careful work with the use of OR for anxiety symptoms and
avoidance of closed diagnoses.

As the main potential for contribution by our study, our find-
ings could be used to inform professional healthcare practice
by providing evidence on the importance of intervention models
that combine both the psychological and nutritional perspectives
in order to promote innovative strategies in the prevention and
treatment of anxiety and obesity.

CONCLUSION

Self-reported anxiety information in association with anthro-
pometric assessments has allowed us to identify anthropometric
risk for individuals with above-median anxiety states, showing
an association between higher anxiety levels and anthropometric
indicators for overweight or obesity, and high or very high body
fat percentages.
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Light-dark cycle inversion effect on food intake and body weight in rats
Efecto de la inversion del ciclo de luz-oscuridad sobre el consumo de alimentos y el peso corporal
en ratas
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Abstract

Background: most organisms inhabiting this planet have rhythmic functions in cycles that approximate 24 hours as a result of evolutionary
adaptation. Disruption of these rhythms causes disruption in many bodily functions, including energy expenditure and consumption, and lipid and
glucose metabolism, in addition to altering several biochemical parameters.

Objective: the aim of this study was to determine the effect of altering the light-dark cycle on diurnal and nocturnal food consumption and body
weight in rats.

Material and methods: three experiments were carried out with an experimental group and a control group in each one. The groups included
six males with an age of four months at the beginning of the experiment. Each experiment was 30 days long, starting with a baseline of 10 days
and then inverting the light-dark cycle for another 20 days. In the first experiment the inversion took place at the end of the baseline period;
in the second, the inversion was performed on days 10 and 20; in the third experiment inversions occurred every five days following the initial
10 days of baseline.

Results: our results show a lower body weight gain in the experimental groups when compared to the control groups.

Keywords:
Light. Dark. Circadian

cycle. Food intake. Conclusions: significant differences in total consumption of food were not found, but were seen in the patterns of day and night consumption,
Body weight. along with a tendency to develop alterations characteristic of metabolic syndrome, which increased with the frequency of light-dark cycle inversion.
Resumen

Introduccion: la mayoria de los organismos que habitan este planeta tienen funciones ritmicas que siguen ciclos cercanos a las 24 horas,
resultado de la adaptacion evolutiva. La alteracion de estos ritmos provoca disrupcion en funciones como el gasto y el consumo de energia, y el
metabolismo de los lipidos y la glucosa, ademas de alterar varios parametros bioquimicos.

Objetivo: el objetivo de este trabajo fue determinar el efecto de la alteracion del ciclo luz-oscuridad sobre el consumo diurno y nocturno de
alimento y el peso corporal en ratas.

Material y métodos: se llevaron a cabo tres experimentos con un grupo experimental y uno de control en cada uno de ellos. Los grupos
estuvieron compuestos de seis machos de cuatro meses de edad cada uno. Cada experimento tuvo una duracién de 30 dias, comenzando con
una linea base de 10 dias y realizando inversiones del ciclo luz-oscuridad durante los otros 20 dias. En el primer experimento se realizd una
inversion al término de la linea base; en el experimento dos se realizé en los dias 10 y 20; en el tercero, las inversiones se realizaron cada cinco

Palabras clave: . . .
dias, tras los 10 dias de la linea base.

tﬁééggﬂgl%?ﬁsiﬁg Resultados: los resultados muestran una ganancia de peso corporal menor en los grupos experimentales en relacion con los grupos de control.
de alimento. Peso Conclusion: no se encontrd ninguna diferencia significativa en el consumo de alimento total pero si en los patrones de consumo diurno y nocturno,
corporal. que se intensificaron con el aumento de la frecuencia de la inversion del ciclo luz-oscuridad.
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INTRODUCTION

Organisms on earth have developed the ability to predict light-
dark cycles of around 24 hours, called circadian cycles, which
occur with the rotation of the earth on its axis, and this has allowed
them to develop endogenous structures with the ability to syn-
chronize almost all physiological and behavioral aspects to lighting
conditions (body temperature, activity of the endocrine system,
liver metabolism, wakefulness and sleep cycles, among others),
whether they have evolved to be diurnal or nocturnal (1). These
endogenous structures have been given the name of circadian
clocks, and they are classified into three groups: peripheral, cen-
tral, and homeostatic (2-4).

Evidence has shown that circadian cycles play an important role
in maintaining health (5). In the case of nutrition, the relationship
that circadian rhythms have is with the development of obesity,
lipid metabolism (6), the development of metabolic syndrome, and
feeding schedules (7). Diet, body weight, and circadian cycles are
closely related (8). There are experiments that suggest that this
relationship is bidirectional, since changes in nutritional status
may cause changes in the balance of day and night activities,
while alterations in the light-dark cycles can alter both the energy
balance and the hours of food consumption (8-12).

Additionally, the results of some research suggest that food
consumption and body mass may be influenced by fluctuations or
alterations in the presence of light or darkness (8-12).

Experimental evidence indicates that homeostatic mecha-
nisms can regulate the functions and behaviors of an organism
to achieve internal balance. However, there are also studies that
indicate that an alteration in circadian cycles may have repercus-
sions on the functioning of various systems within an organism,
resulting in alteration of food consumption, metabolism, storage,
and body weight (8). However, the evidence is controversial, and
there are investigations such as those carried out by De Assis
et al. (13), who reported that an alteration of circadian cycle did
not affect food consumption by subjects. The studies that found
that changes in circadian cycles did not affect food consumption
(14) indicated that the mechanisms by which they could affect it
were uncertain.

However, the effects of frequency of exposure to such changes
in the light-dark cycle that may have consequences, or the time
limit of an event that allows the organism to return to normal
conditions, as well as the exact effects of variations in lighting
that are now constant and present in any modern civilization, are
issues that remain poorly understood (15-24). Therefore, the aim
of this research was to determine the effect of inversion of the
light-dark cycle on body weight, and on diurnal and nocturnal food
consumption in rats.

METHODS

A total of 3 experiments, lasting 30 days each, were designed
utilizing 12 experimentally naive male albino rats each. It was
decided to use male subjects exclusively due to some morpho-
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logical and hormonal differences that could potentially confound
results (25). Rats with an age of four months at the beginning of
the experiment, and initial weights between 310 and 360 grams
(g) were assigned by convenience to the experimental or the
control group, six for the control group and six for the experi-
mental group, for each experiment. They were obtained at the
vivarium of the Instituto de Investigaciones en Comportamiento
Alimentario y Nutricidn (ICAN). The subjects of this study were
managed according to the criteria established by the Official
Mexican Standard NOM-062-Z00-1999 technical specifications
for the production, care, and use of laboratory animals (26). In
all experiments 5001 Rodent Chow from Purina was used as
diet with unlimited access, and records of food intake and body
weight were obtained in 12-hour intervals (6:00-8:00 am and
6:00-8:00 pm). To carry out the control of the light-dark cycles,
the rats were placed in a laboratory isolated from sunlight using a
model TE-102, IPSA brand timer. In all experiments control groups
were exposed to a light-dark (L-D) cycle with light presence from
8:00 am to 8:00 pm. In all 3 experiments, the experimental group
shared this condition during the first 10 days. In experiment 1
there was a L-D cycle inversion on day 10, with light from 8:00 pm
to 8:00 am for the next 20 days of the experiment. This inversion
in lightening conditions was performed at day 10 of experiment 2,
going back to the original conditions at day 20. Meanwhile, exper-
iment 3 had the same baseline conditions for the first 10 days,
which was followed by lighting cycle inversions every 5 days (on
days 10, 15, 20, and 25). The statistical analysis of the data was
performed using the Statistical Package for the Social Sciences
(SPSS), version 21.

RESULTS

In control groups and over the baseline period of experimental
groups food was predominantly eaten during the dark phase, with
67.4 % to 76.4 % of ingestions occurring during this 12-hour peri-
od as expected for a nocturnal species. However, in experimental
groups, following the L-D cycle inversions, the intake pattern was
modified as may be observed in figures 1, 2, and 3, representing
the experimental group’s intake patterns for the three experiments;
in all graphs the color black represents the data obtained in the
12-hour period from 8:00 pm to 8:00 am, independently of illumi-
nation conditions, whereas white represents the remaining 12-hour
period (8:00 am to 8:00 pm). Figure 1 shows the data obtained
for the experimental group in the first experiment as diurnal and
nocturnal intake percentages; here, it may be observed that after
the L-D cycle inversion, there is a corresponding modification of the
intake pattern, that becomes predominantly diurnal, thus keeping
the main intake during the dark period. However, as the frequency
of L-D inversions increases, the ability to display this behavioral
adaptation decreases, as can be observed in figures 2 and 3. In
the second experiment we may see an intake inversion around
5 days after the L-D cycle modification; however, during experiment
3 this ability seems to get lost as the frequency increases, until
in the last phase an equally distributed intake between the light
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Experimental group, first experiment. Diurnal and nocturnal food intake percentages.
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Figure 2.

Experimental group, second experiment. Diurnal and nocturnal food intake percentages.

and dark periods may be observed. An ANOVA and Student’s t
test were performed to compare groups and phases. Our findings
include statistical differences between the experimental and control
groups for diurnal intake (control, 6.16 g; experimental, 12.5 g) and
nocturnal (control, 16.3 g; experimental, 9.7 g) in the first experi-
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ment, as well as in the second experiment (diurnal intake: control,
5.59,6.0g,and 6.2 g; experimental 4.7 g, 8.7 g, and 10.4 g,
p < 0.05; nocturnal intake: control, 14.1 g, 14.6 g, and 14.9 g;
experimental, 15.1g, 10.2 g, and 10.4 g, p < 0.05). Regarding
the third experiment, we found statistically significant differences
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Figure 3.

Experimental group, third experiment. Diurnal and nocturnal food intake percentages.

in diurnal and nocturnal intake between both groups for all experi-
mental phases, and similar diurnal intakes between phases 3 and
5, as well as phases 2 and 5; nocturnal phases 3 and 5 were also
similar (p < 0.05). Regarding total food ingestion there were no
statistical differences between the experimental and control groups
or between phases during experiment 1 (control group intake per
phase was 21.5 g, 22.3 g, and 22.6 g; experimental group intake
was 22.2 g, 22.5 g, and 22.8 g, respectively). In experiment 2
there were no differences between groups or phases in the case
of the control subjects; however, there was a statistically significant
difference between phases 2 and 3 in the experimental group, as
may be observed in figure 2 (p < 0.05). No statistically signifi-
cant differences were found in total food intake between phases
or groups in experiment 3. Regarding body weight, however, the
average weight gain per day was 1.03 g for the control group and
0.18 g for the experimental group, which resulted in statistical-
ly significant differences (p < 0.05) between the average body
weight seen in the control group (417 g) versus that seen in the
experimental group (406 g). This trend was repeated in the third
experiment (control, 350.9 g; experimental, 342.1 g, p = 0.001)
but not in the second one, which presented statistical differences
but with higher values for the experimental group (control, 342 g;
experimental, 350.9 g, p = 0.001).

DISCUSSION

The main findings of this research include: 1) patterns of food
consumption that adapted to the lighting conditions to which they

were exposed; 2) this adaptation of consumption patterns dis-
appeared when L-D cycle inversion frequency increased; 3) the
energy balance of experimental subjects was maintained, exhib-
iting consumption values similar to those shown by the control
group, regardless of inversions in the light-dark cycle and their
frequency; 4) there were statistically significant differences in
body weight between groups; however, a clear tendency was not
found. Most scientific evidence reports an increase in body weight,
mass gain, or development of overweight or obesity in subjects
undergoing chronobiological alterations. According to Borniger et
al. (16), body weight gain occurs, even in the absence of increased
food consumption or decreased total caloric expenditure, due to
the modification of food intake schedules. Since there is evidence
that sleep quality and duration are not affected by the presence of
dim light, and this is not interrupted by lighting of these charac-
teristics during the rest period, but has the ability to alter the body
weight balance of organisms, it has been concluded that the main
oscillator, the suprachiasmatic nucleus (SQN), when synchronized
by light signals is altered in the presence of dim light, but not so
the peripheral oscillators that respond to the body’s food intake
signals. This lack of synchrony between the central and peripheral
oscillators is the tentative cause of altered body weight control as
seen in exposed subjects. Following the above reasoning we may
conclude that, possibly, the reason why the subjects in our exper-
iments did not show a clear tendency to increase body weight,
to develop overweight or obesity, is the presence of food in free
access conditions, and the fact that the behavioral and physio-
logical adaptation to the new lighting conditions in all cases was
carried out simultaneously.
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The research carried out by Zucker (27) gives us the basis for
another possible explanation. In the case of the subjects used in
his experiment, which were subjected to constant light while at an
early age, and therefore during a growth period, with the natural
dislike that nocturnal rodents have for light, there was a l0ss of body
weight. Taking this into account, another logical conclusion would be
that the subjects used for these experiments were in the final stages
of growth, and that the alteration of the light-dark cycle to which
they were exposed had a reducing effect on their growth, causing
the rats in the control group to maintain the normal weight gain for
the species, whereas the experimental group remained stagnant,
keeping the weight they had before the inversion.

Another common characteristic seen in the experiments that
report body weight gain in animal models, and in the living con-
ditions of people with night-shift jobs or in those who suffer from
jet lag, is the shifting of phases for periods of less or more than
12 hours. However, when researching human phenomena it is
important to acknowledge the personal, cultural, and social com-
plexity that may contribute to these results. But whether conditions
of continuous light, continuous darkness, advance or delay in the
cycle are present, 12:12 behaviors are seldom maintained. The
presence of a light-dark cycle lasting 24 hours could be part of
the reason that prevented body weight gain from occurring in
the subjects of these experiments, as has been reported in other
experiments (15,16,22).

The diurnal and nocturnal consumption of food presented by the
subjects in the experimental groups was modified according to the
frequency of light-dark cycle inversions. During the first experiment
an adaptation may be seen in the food consumption pattern that,
after a period of about five days, goes from being predominantly
nocturnal to diurnal, adjusting itself to the lighting conditions to
which the subjects were exposed, similarly to the subjects in the
experiment carried out by Humlova and llinerova (28).

In this case, among the variables analyzed, consumption pat-
terns were not found, but locomotor activity was, the subjects
showed behavioral adjustments to the new lighting conditions;
considering eating as part of the waking period activities, we could
assume that consumption patterns also adjusted to the new light-
ing conditions. Additionally, the authors reported adaptation rate
differences to the new lighting conditions for subjects, depending
on their characteristics, when the light-dark cycle progressed for
8 hours, the subjects were able to adapt to the new surrounding
conditions two days earlier than when it was delayed.

Despite the clear trend to nocturnal food consumption by rats
(24), both in continuous light conditions and when keptina 12:12
light-dark cycle, there are studies that have experimentally manip-
ulated the duration, continuity, or absence of light periods due to
the primary role that the SQN plays in the temporary control of
organic functions, and because light has, through photoreception
and phototransduction mechanisms, the ability to alter its func-
tioning, the periods of wakefulness and rest of an organism, and
with this, their feeding patterns (29,30).

Secondary oscillators can alter the wake-sleep patterns of an
organism when the availability of food is limited, leading to the
development of activity patterns that anticipate the availability of
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food (FAA). In the development of these experiments there were
no limitations in food availability, therefore these patterns did not
appear (8). The consumption patterns over the baseline period of
each experiment, as well as those presented by the control groups,
follow the consumption trend present in any nocturnal species.

During the first experiment, the control group presented an adap-
tation in their eating patterns at about 5 days after reversal of the
light-dark cycle, moving to a predominantly diurnal food and water
consumption pattern, following the lighting conditions to carry out
most of their consumption in the dark period. During experiment
two, after the first inversion, subjects were able to adapt to the new
light-dark conditions to which they were exposed, although without
reaching the average consumption presented during the baseline
period. After the second exposure, the reversal of the food and water
consumption pattern began almost immediately after the reversal
of the lighting cycle, without the phase being long enough to reach
the average presented in the first phase.

For the third experiment, it is possible to observe that the first
inversion of the light-dark cycle is followed by an adaptation
trend to the new lighting conditions like that presented in the
previous experiments. Subsequent inversions, however, present
lower quality in the lighting condition in which food is consumed
predominantly; the response to lighting changes on the 20" and
25" especially, was followed by little variation in the diet pattern,
which at this point presented a consumption of food and water
independent of the dark-light conditions, with a trend of 50-50 %.

There are studies that report responses like those presented by
the above experimental subjects. Adaptation to different lighting
conditions has been observed in several experiments, whether
subjects were exposed to conditions of continuous light, con-
tinuous darkness, lengthening or shortening of light or darkness
periods, or simply cycle delay or advance. Rosenwasser (24) used
both continuous light conditions, under which the consumption
pattern was maintained, with a cycle of around 24 hours, and
conditions of 12 hours of light and 12 of darkness, to study the
characteristics of food consumption by the subjects.

Cambras et al. (17) used cycle changes, lengthening their dura-
tion (25 hours), decreasing it (23 hours), and using conditions
of continuous darkness, obtaining experimental evidence of the
ability of subjects to adapt their behavior to the extant lighting
conditions and their duration. These behavioral variations are
present even in diurnal mammals (18). Whether they are subject-
ed to conditions of continuous light, continuous darkness, phase
advance or delay, subjects showed their ability to make behavioral
adaptations, especially in their activity patterns in relation to new
lighting conditions.

This same ability is similarly present in other species such as
humans. Subjects exposed to repeated conditions of time zone
change present alterations known as jet lag, which include behav-
ioral, physiological, and performance alterations; however, after a
few days of exposure to the new conditions, they manage to adapt
to the new pattern of lighting, as did the subjects of experiments
one and two (24).

This adaptation occurred within a period of time similar to that
reported by Nagano et al. (23), of around 6 to 13 days, depending



500

on the characteristics of the cycle change, although in the case of
the present experiments, these characteristics were different. While
the period between a light-dark cycle inversion and the next was
around 10 days or more, the ability to adapt to new lighting condi-
tions was clear. However, in experiment three, when the frequency
of changes increased, taking place every five days, the ability of
the subjects to adapt to the new conditions decreased notably.

In this case, the reaction of the subjects to the first inversion of
the light-dark cycle clearly presented a trend similar to that pre-
sented by the subjects in the experimental group of the first two
experiments after the first modification of lighting conditions, with
a clear trend to a reversal of the predominantly nocturnal cycle
at baseline, eating the greater portion of food during the daytime
period but in accordance to the darkness present in that period.

In the second inversion of the cycle, and by not allowing the
subjects to make a behavioral adjustment that would allow them
to return to conditions similar to those presented at baseline,
consuming most of the food during the dark period, a second
inversion is made to experimental day 15. After this alteration,
the ability of the subjects to adapt to light conditions seems to
decrease with each new intervention (those carried out on exper-
imental days 20 and 25), losing their consumption trend when
observed in relation to temporality (day or night) or to lighting
conditions (absence or presence of light), to end up with a distri-
bution of around 50 % of consumption for each 12-hour period
with no apparent trend.

It has been reported that the presence of light during the night
period has effects on metabolism, the circadian rhythm of core
temperature and body weight, all signals related to food con-
sumption (16). The experiment carried out by Salgado-Delgado
et al. (31) reported similar results under different experimental
conditions. In this case, the alteration occurred in the activity of
the subjects; however, as we have indicated, as long as food is
not restricted, changes in consumption patterns can be closely
related to those of physical activity. In shift-work animal models,
the subjects also experience a dysregulation that leads them to
lose their rhythm of food consumption with up to 46 % activity in
daytime, suggesting that repeated alteration of the circadian cycle
leads to loss of consumption patterns in subjects. All of the above
occurs without altering the energy balance of the subjects, unlike
in several studies that reported changes in energy balance and
body weight, and development of obesity, metabolic syndrome,
and high food consumption (1,5,8,32-36).

Total food consumption did not exhibit significant differences in
any of the groups, in any of the experiments. Consumption in all
phases was also similar, which suggests that the ability to main-
tain intake balance was not affected by the changes in light-dark
conditions to which subjects were exposed. Maintaining the con-
ditions of 12 hours of light and 12 hours of darkness even when
reversing the original cycle could be part of the reason why energy
balance was not affected, since we are evolutionarily adapted as
organisms to inhabit this planet with changes in lighting conditions
every 12 hours (1).

The presence of light during the night period has the ability to
metabolically alter an organism, affecting its body weight and core
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temperature; however, in this case it did not disturb total food con-
sumption in these subjects, even when the energy balance was
different from that observed in the control group, whose weight
gain was greater in the three experiments (16).

One relationship important to consider is that of weight gain and
development of obesity as a secondary effect of food consump-
tion during an organism’s rest schedule. In the study carried out
in rodents by Fonken et al. (37) a possible relationship between
exposure to light during the night period and increased body mass
is suggested, due to the change in food consumption patterns,
with modification of eating times. In this study, in addition, vari-
ations were made in the intensity of the light used with three
groups of mice (continuous bright light, continuous dim light, and
light-dark cycle 12-12), and consumption patterns increased up
to 55.5 % during the light phase in the group with the presence
of dim light during the dark period. Additionally, a greater gain in
body weight was reported both for the group with dim light and
for those exposed to bright light during the night period. However,
there were no significant differences in total food consumption
between the groups, hence they concluded that changes in con-
sumption patterns, as well as in schedules, may be responsible
for the variation in body weight among subjects. The results of
this research, the increased prevalence of obesity worldwide, and
the ever increasing areas with light pollution make the study of the
relationship between light-dark conditions and the development of
metabolic diseases and obesity an area of opportunity that could
provide answers helpful both both to understand this relationship
and to develop strategies useful to address both problems, and
to develop interventions and treatments that reduce the impact
of light pollution both on the health of organisms and in the envi-
ronment, and on biological diversity.

CONCLUSIONS

Our conclusions are as follows:

— Body weight was maintained in the experimental groups
while controls exhibited a species-specific growth curve.

— Experimental groups showed eating patterns that adapted
themselves to lighting conditions.

— This adaptation disappeared when the frequency of light-
dark cycle inversions was increased.

— Water intake displayed variations closely related to food
intake variations.

— Energy balance was maintained in the experimental sub-
jects, showing similar variations, independently of light-dark
cycle inversions.
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Abstract

Background: the waist-to-hip ratio (WHR) is widely used to evaluate the association of abdominal obesity with myocardial infarction (MI).
Objective: our aim was to determine whether WHR-associated risk provides a bias.

Methods: a case-control study in 252 men. Stratification was used as an approach for removing bias effects. We created a baseline covariate (WHR
190 from a new matched sample in the stratum between 0.95 and 0.99. This stratum coincides with the overlap area of the distribution, where all
subjects have a similar propensity score. We considered other covariate (WHR,), conditioned on WHR < 1 and waist circumference (WC) being assigned a

spurious risk. We hypothesized that subtracting hip circumference from WC (WHD) can be essential to observe the confounding effect provided by WHR.

Results: BMI: AUC: 0.694, 95 % Cl (0.628-0.760); OR: 3.8. WC: AUC: 0.743, 95 % CI (0.681-0.805); OR: 5.7. WHR: AUC: 0.798, 95 % CI
(0.740-0.855); OR: 8.6. Waist-height ratio (WHtR): AUC: 0.782, 95 % CI (0.724-0.840); OR: 8.5. WHD: AUC: 0.204, 95 % CI (0.146-0.261); OR:
0.36. Prevalence in cases: WHR > 0.95 (84.1 % vs. 38 %; OR: 8.6); WHR < 1 (36.3 % vs. 85.7 %; OR: 2.3); WHR > 1 (63.4 % vs. 14.2 %; OR:
4.4); WC > 94.4 (71.4 % vs. 30.1 %; OR: 5.7); WHD = 2.2 (27.7 % vs. 75.3 %; OR: 7.9); WHRs (50 % vs. 25 %; OR: 2).

Conclusions: WHR provides an association bias in Ml cases. This can be extrapolated to other study populations. The bias is explained by a
mathematical misconception where the protective effect of HC is overestimated concerning WC and height. The risk associated with WHR as
higher than that associated with WC and WHtR entails anthropometric inconsistency and bias, to the extent of becoming epidemiologically false.

Resumen

Antecedentes: el indice cintura-cadera (ICC) se utiliza ampliamente para evaluar la asociacion de la obesidad abdominal con el infarto de
miocardio (IM).

Objetivo: nuestro proposito era determinar si el riesgo asociado a la ICC produce sesgo.

Métodos: estudio de casos y controles en 252 varones. Usamos la estratificacion como criterio para eliminar los efectos del sesgo. Creamos una
covariable basal (ICC, . para una nueva muestra emparejada en el estrato de valores entre 0,95 y 0,99. Este estrato coincide con el area
comun de solapamiento de la distribucion de puntos, donde todos los sujetos tienen un indice de propension similar. Consideramos otra covariable
(ICCy) condicionada en ICC < 1'y una circunferencia de cintura (CC) donde la asignacion de riesgo fuera espurea. Hipotetizamos que restando CC
del valor de la cadera se calculaba otra variable aritmética (DCC) que podria ser esencial para evidenciar el efecto de confusion que genera el ICC.

Resultados: IMC: ABC: 0,694, IC 95 % (0,628-0,760); OR: 3,8. CC: ABC: 0,743, IC 95 % (0,681-0,805); OR: 5,7. ICC: ABC: 0,798, IC 95 %
(0,740-0,855); OR: 8,6. Indice cintura-talla (ICT): ABC: 0,782, IC 95 % (0,724-0,840); OR: 8,5. DCC: ABC: 0,204, IC 95 % (0,146-0,261); OR:
0,36. Prevalencia en los casos: ICC > 0,95 (84,1 % vs. 38 %; OR: 8,6); ICC < 1 (36,3 % vs. 85,7 %; OR: 2,3); ICC > 1 (63,4 % vs. 14,2 %; OR:
4,4); CC > 94,4 (71,4 % vs. 30,1 %; OR: 5,7); DCC > 2,2 (27,7 % vs. 75,3 %; OR: 7,9); ICCs (50 % vs. 25 %; OR: 2).

Conclusiones: el ICC produce un sesgo de asociacion en los casos de IM. Ello puede extrapolarse a otras poblaciones de estudio. El sesgo se

explica por un error de concepto matematico que sobreestima el efecto protector de la cadera con respecto a la CC y la altura. El riesgo asociado
al ICC por encima del de la CC o el ICT presenta inconsistencia antropométrica y sesgo, llegando a ser epidemioldgicamente falso.
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INTRODUCTION

Cardiovascular diseases (CVDs), mainly heart disease and
stroke, remain a worldwide leading cause of morbidity and mor-
tality (1). Anthropometrically, important differences have been
found in the assessment of the effects of obesity on the risk for
coronary disease (2-4). Interestingly, an accurate estimation of
body composition (BC) is highly relevant from a public health per-
spective (5). Hence, metrics associated with abdominal obesity and
a nutrition status with excess body fat are essential for establishing
the impact of adiposity on the metabolic processes that result in
increased myocardial infarction (MI) risk. However, association does
not equate to causation on incident MI, and in non-randomized
study designs baseline differences in BC between the groups to be
compared may introduce a systematic bias in the results.

The INTERHEART study proved waist-to-hip ratio (WHR) was
a better indicator for predicting MI risk than body mass index
(BMI) and waist circumference (WC) (3). Other more recent studies
have also deemed WHR to be an excellent Ml risk predictor (6-9).
Besides, results from the UK Biobank have conferred to WHR a
greater excess risk of Ml in women than in men (7). However,
evidence is accumulating in support of WC for reflecting MI and
cardiometabolic risk (10-17). Additionally, the use of composite
metrics such as the waist-height ratio (WHtR) or whole-body fat
percentage (%BF) for predicting cardiovascular events and mor-
tality has demonstrated a validity close to that of technological
methods (10-17). On the other hand, we have revealed a selection
bias for WHR, where this metric explains neither total causation
nor the true nature of the risk (13,14). In fact, an important ques-
tion lies in the discrepancy observed between WHR association
and its worst correlations with measures of general and central
adiposity (6,7,13,14).

Moreover, since a propensity score was defined, different meth-
ods have been used to address selection biases in balancing
the distribution of covariates between exposure groups (18,19).
Thus, the conditional distribution of risk between groups should
be the same when the observed baseline covariates do not pres-
ent standardized differences. However, a different BC between
groups with similar baseline confounding variables may provide
a bias in outcomes if the true-risk assignment does not account
for the covariates that predict being assigned a true risk. In this
Sense, as a result of the above, a risk assignment for WHR of < 1
may be systematically the same with respect to different values for
WC and hip circumference (HC), and therefore may not be directly
comparable. Consequently, the bias for WHR can be substantial if
both WC and HC are not controlled in the data analysis to preclude
in the stratum of WHR < 1 the same risk assignment between
subjects with equal WHR values, but not necessarily referring to
the same BC at risk.

The aim of this study was to demonstrate whether the associ-
ation of WHR and MI provides a bias in the results, and therefore
false conclusions may be derived from a mere statistical analy-
sis. We hypothesized that on a number ling, each absolute value
would represent the distance between the points corresponding
to WC and HC as being mathematically the difference between
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denominator and numerator in WHR. However, subtracting pro-
vides an arithmetic variable from a set of numbers that represent
an estimate of whole risk, and each value does not depend on the
estimate of risk for HC with respect to WC. In contrast, dividing WC
by HC will give us a proper abstract fraction with an information
bias for whole risk, at least between the lowest point and the 0.99
value. Thus, WHR would be a confounding variable with whole risk
conditioned on WC and the estimate of risk for HC concerning WC
and height. We review what is known about WHR results world-
wide, which will allow us to explain in anthropometric models the
reasons that justify our insight when handling whole risk.

METHODS

PARTICIPANTS AND MEASUREMENTS

A case-control study with a sample of 252 European men aged
30-74 years, was evaluated. The minimum sample size for cal-
culations was of 90 cases and at least 1 control per case, with
obesity exposure, level of safety, and statistical power at 22 %,
0.99, and 0.99, respectively. The odds ratio (OR) for detection was
3. Study participants were recruited from a 2019 database in a
Health Area in Spain. Cases were selected from a post-myocardial
infarction cardiac rehabilitation program between 2012 and 2019,
and data were collected in the first fitting days after hospital diag-
nosis. Exclusion criteria were nonage or any chronic disease. One
age-matched (= 5 years) control was recruited per case in the
same Health Area among health center users and State Adminis-
tration workers. Exclusion criteria were identical for controls and
cases, with the additional criterion that controls had no previous
diagnosis of coronary disease or history of exertional chest pain.
Trained staff used standard protocols to obtain measurements
(15,16). All subjects signed an informed consent form according
to the Declaration of Helsinki, and the study was approved by the
ethics committee at the referral hospital.

Weight (kg) and height (cm) were measured. WC and HC were
determined at the umbilicus and at the maximum circumference
around the buttocks, respectively (cm). BMI (kg/m?), WHR, and
WHIR were calculated. Waist-hip difference (WHD), obtained by sub-
tracting HC from WC, was calculated to provide an “x” value for each
subject, including positive, zero, and negative results (x = HC - WC).

STUDY DESIGN

A receiver operating characteristic (ROC) analysis was carried
out. The cutoff points were defined where sensitivity plus speci-
ficity was highest. Other standardized cutoffs were also analyzed.
We used stratification as an approach for removing bias effects
for WHR, as well as to control the effects of confounding factors
derived from the density and distribution of their points between
groups (18). We created a baseline covariate (WHR, ..  ..) from a
new matched sample in the stratum between 0.95 and 0.99. This
stratum coincides with the common area of overlap of the distri-
bution for WHR in both groups, where all subjects had a similar
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propensity score. Thus, pairs of cases and controls were formed
such that one-to-one matched subjects had the nearest equiva-
lent fraction (caliper distance of = 0.01 within the same stratum).
If, after conditioning, no systematic differences remain between
both groups, this will be an indication that the model was correctly
specified, balancing the distribution of the measured covariate.
Thus, in both homogeneous groups, each subject would have the
same probability (nonzero) to be assigned the whole risk, and
risk assignment should be strongly ignorable (18). Consequently,
in the matched sample we considered other baseline covariate
with binary outcomes for spurious risk assignment (WHRs). It was
conditioned on a risk assignment that defined spurious risk for
WHR, o .o Where WC took a lower value than both its own cut-
off and HC. A standard difference that higher than 10 % will be
taken to indicate a considerable difference in the prevalence of
WHRs between both groups. If, after comparing prevalences, no
systematic differences remain, this will be an indication that a true
risk in that stratum has been correctly assigned.

STATISTICAL ANALYSIS

Data were computed using IBM’s SPSS package, version
22.0. Descriptive statistics including mean, standard deviation,
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and frequency are provided. Normal distributions were assessed
using the Kolmogorov-Smirnov test. Student’s t-test and the Chi-
squared test were used to establish differences between para-
metric and non-parametric variables, respectively. The total area
under the curve (AUC) was tested with no parametric differences,
and values were used for identifying the strength of association for
each indicator. ORs according to the defined cut-offs were calcu-
lated by using a binary logistic regression analysis. Contingency
tables were used in the calculation of OR in other cases. The prev-
alence between different cut-offs or conditionings for the selected
covariate was compared. OR was used to identify the strength of
association for each indicator. The confidence interval was set at
95 % in all cases. A p-value < 0.01 was considered significant.

RESULTS

The baseline characteristics of participants and the established
cutoffs are summarized in table I. Obesity indicators and WHD
showed strongly significant differences (p < 0.01). Among sin-
gle indicators, HC showed no differences (p = 0.24). WC and
height showed significant differences (p < 0.01) in direct and
inverse association with MI, respectively. There was no significant
difference for WHR p =0.11). AWHR cutoff > 0.95 and

0.95-0.99 (

Table I. Baseline characteristics of study participants. Indicators with cut-off points defined
by ROC analysis, and standardized for WHR and WHD. Values are means + standard
deviation for continuous variables, and percentages (%) for categorical variables

Variables MI (n = 126) 95 % ClI Control (n = 126) 95 % ClI P/OR
Age () 53.9+9.7 52.2-55.6 51.7+93 50.1-53.4 p =007
Height (cm) 169.4 + 7.2 168.1 +170.7 1735+ 6.7 172.3-174.7 *n < 0.001
BMI (kg/m?) 28.6 + 4.02 27.9-29.3 26.2 + 3.4 25.6-26.8 *n < 0,001
WG (cm) 101.7 +20.3 98.1-105.3 91.4 + 101 89.6-93.2 *n < 0,001
HC (cm) 99.0 +12.9 96.8-101.3 97.5 + 6.4 96.4-98.6 p =024
WHR 1.01 = 0.06 1-1.02 0.93 + 0.06 0.92-0.94 *n < 0,001
WHD (cm) (1.3) 6.8 (-2.5)-(-0.1) 6.1+6.6 4973 *p < 0.001
WHR, 4. o0 0.97 + 0.1 (n: 24) 0.96-0.98 0.968 + 0.1 (n: 24) 0.96-0.97 p=0.11
WHR 0.60 + 0.11 0.57-0.62 052 +0.05 0.50-0.53 *n < 0.001
WHR > 0.95 84.1 38 8.6 (4.7-15.6)
WHRs 50 (n: 24) 25 (n: 24) 2
WHR < 1 36.5 85.7 2.3
WHR > 1 63.4 142 4.4
WHD >0 33.3 84.1 25
WHD < 0 66.6 15.8 42
WHD > 2.2 27.7 75.3 7.9 (45-13.9)
WHR > 0.54 79.3 30.9 8.5 (4.8-15.2)
WC > 94.4 71.4 30.1 57 (3.3-9.9)
BMI > 26.6 65.8 33.3 3.8 (2.2-6.9)

ROC: receiver operating characteristic; WHR: waist-to-hip ratio; WHD: waist-hip difference; MI: myocardial infarction; CI: confidence interval; OR: odds ratio; BMI: body
mass index; WC: waist circumference, HC: hip circumference; WHIR: waist-to-height ratio;, WHRs: spurious risk for WHR. *Level of significance.
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WHtR > 0.54 exhibited a higher prevalence in cases (OR: 8.6
and 8.5, respectively). A WC cutoff > 94.4 had a notable preva-
lence in cases (OR: 5.7). AWHD cutoff > 2.2 presented a notable
prevalence in the control group (OR: 7.9). WHR > 1 (OR: 4.4)
and WHD < 0 (OR: 4.2) showed a notable prevalence in cases.
WHR < 1 and WHD > 0 showed a notable prevalence among
controls (OR: 2.3 and 2.5, respectively). The prevalence of WHRs
was twice as much in cases than in controls.

Boxplots for the distribution of WHR and WHD are shown in
figure 1.

In ROC curves (not shown) WHR > 0.95 presented the strongest
association (AUC: 0.798 (0.740; 0.855). WHtR and WC exhibit-
ed a strong association (AUC: 0.782 (0.724; 0.840) and 0.743
(0.681; 0.805), respectively. WHD showed no association (AUC:
204 (0.146; 0.261), it being actually a protective factor associated
with controls with a reciprocal AUG of 0.796 (0.739; 0.854) and
a cutoff > 2.2, Graphs representing the anthropometric models
used for understanding biases, and explanations about the results
are plotted in figures 2-4.

DISCUSSION

In the present study the association for the metrics of abdom-
inal obesity was comparable to that of larger samples worldwide
(3,7-10,16). On the other hand, to date, WHD, WHR ,,  ,, and
WHRs were never referenced, whereas they are key indicators
in our study. In spite of using the same two measurements, the
results for WHR and WHD indicate differences in association. The
selected risk cutoffs are mathematically key for understanding
bias in WHR results. In previous studies (3,6-9,16) WHR showed a
high magnitude of association, even consistently in studies where

WHR-associated risk presented an information bias (13,14). In our
current analysis, WHR also showed a high discriminatory power,
even above that of WC and WHtR; however, our purpose was to
demonstrate a selection bias.

It is noteworthy, firstly, that neither at-risk BC or raised %BF is
affected by HC (14). Secondly, WC and HC represent absolute val-
ues without expressing equality for whole risk as a mathematical
object. In addition, WC is the strongest simple indicator linked to
visceral adiposity and unhealthy BC (14,16). Besides, numbers for
WHR < 1 are abstract fractions with an equivalence relation = 1
/ >1 representing a whole or unit that provides an information
bias per se. In mathematics, WHR < 1 indicates the equal parts
of WC that we have in HC without demonstrating anthropometric
consistency or risk plausibility beyond that of WC.

Discrepancy between strong association for WHR and a lower
anthropometric coherence for biological risk gave birth to our idea
that something was wrong on the true-risk association (13,14).
Geometrically, WC and HC represent parallel lengths from differ-
ent bodily components accounting for cardiometabolic risk, while
WHR is simply a way of representing size (part/whole) that is not
a whole number of whole risk but a decimal value. However, WHD
is a concrete number in the measuring of baseline anthropometric
characteristics, but not BC per se.

From an anthropometric perspective, the standard human body
has a HC larger than WC (WHR < 1) without posing any putative risk
or protective effect. By deduction, HC > WC is a natural inequality
satisfying a true premise, which responds to a linear equation:
HC = WC + x, where x = HC - WC, the standard value being
higher in women than in men. We have deliberately drawn hori-
zontal rays where values for WC and WHD may lie (Figs. 2 and 3).
Thus, only when “x” is mathematically zero there is equality
(WC =HC; WHR = 1; WHD = Q) for a risk conclusion to be certain.
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Figure 1.

Boxplots for the distribution of WHR and WHD between both groups (WHR: waist-to-hip ratio; WHD: waist-hip difference).
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ically:
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increased risk of metabolic complications. increased risk of metabolic complications. WHD =HC - WC = X
(World Health Organization. 2011. (World Health Organization. 2011,

Anthropometrically, the 3-segment is longer in women than in men. Simitarly, we will have | In the c-line: x =0: WC =HC: WHR =1: WHD =0

the longest a-segmet when WC is taken at the minimum (1). Besides, the narrowest a-
segment will be drawn when WC is taken at the maximum perimeter at umbilicus (2) or at
the level of the upper most lateral border of the iliac crest (3), in both sexes.

Mathematically, in the standard human body a linear equation holds true:
HC = WC + x (HC >WC(): x = HC - WC: x is >0: WHR <1: WHD >0 ‘

In all horizontal rays, WC value lies on each ray before of the c-line if “x” value is >0.
By contrary, WC value lies after the c-line if and only if “x” is <0 (negative value).

Evidence supports that in any population at whole-risk, two arguments hold true:

Geometrically: | Length of the a-segment = X/2 : 2 * a-segment length = X ‘

Figure 2.

Original creative assembly taken from anthropometric models and geometric lines on the standard human body. Geometrical and mathematical demonstrations for a correct
anthropometric assessment of abdominal obesity and CVD risk. Drawings represent the human body (both sexes) where metrics are sample mean values per standard deviation
for WC, HC, WHR, and WHD, these being actually valid for any anthropometrically healthy population and ethnicity. Within the respective lines would lie points of increased
abdominal obesity representing mean values for thousands of cases of CVD, as well as biological changes pointing towards greater excess risk of CVD as WC increases.
Similarly, the corresponding cut-off points associated per standard deviation, or quintiles, quartiles/tertiles, or receiver operating characteristic (ROC) analysis for WC, WHR,
and WHD will always lie ahead of the c-line. These anthropometric models and schemes are valid for both case-control and cohort studies, and any type of cardiovascular
event (CVD: cardiovascular disease; HC: hip circumference; WC: waist circumference; WHD: waist-hip difference; WHR: waist-to-hip ratio).

A int fol WHR 1k idl the a-: nt nt
R R e T S B e Bl e e " _ylnfgolrn;rce S ol e i
rays (s-axes) with the outer imit of HC (y-axis) there where WC tokes the || Gepends on WC and WHD cutoffs lying on their rays before of the
same volue as HC, and therefore, the same estimate of risk: shared point, and HC value without accounting for the risk.

x =y x =WC =HC = y: WHR =1: WHD =0

Any point for WHR >1 lying outside on the b-ray present true-risk
for WC or WHD without concerning the estimate of risk for HC.

Anterior-posterior axis  Longitudinal axis

Gluteal mass and Buttocks

gluteal-femoral fat

'WHD-ray represents continuous WHD values between the highest positive in
their origin and the highest ive further as WCil WHD
cutoff lies before of the shared point there where WC is equal to HC.

WC-ray represents continuous WC values where the points move further
as WCil . WC cutoff lies before of the shared point there
where WC is equal to HC.

b-ray represents continuous values for WHR >1 as WC increases from a
point in origin for WHR =1.01

Abdominal fat

HC length

WC length
Ipsilateral a-fegment whase range of length is
higher in women than in men. if HC-WC = %"
positive value, the a-segment =x/2. Values for
WHR between the lowest and 0.99, including
their cutsff, lie on the a-segment

Bias zone for WHR betwen their cutoff and 0.9 vaiue
there where each WHR value of <1 acounts for 10 of
“* (HC-WC). (e.g. 0.99 = “x” between 1 and 0.1 and
the a-segment between 0.5 and 0.05.

Some points in that stratum are equivalent proper fractions with
numbers of equal value but not referring to the same whole-risk. It is
clear then that if WC value lies on the horizontal ray after their cutoff,
WHR <1 proves true-risk. However, WHR will capture spuricus-risk if WC
WC-rays of abdominal obesity value as numerator lies on the hurlzontal ray before their cutoff, and HC
value g for p ive ing WC (HC >WC).

Schematic drowing of two overiapping axial pianes.
Craniocaudal view for WC and HC

It is clear that neither HC nor WHR <1 draw an horizontal ray of true-risk. Whereas WHR is of <1:
1. Bias occurs for WHR respect to WC.

2. Less bias occurs as HC and x >0 decrease (e.g., in aging, physical inactivity or men).

3. More bias occurs as HC and x >0 increase (e.g., in middle-aged, physical training or women).
In both 2 and 3 the true-risk exclusively depends on enlarged WC, which predicts receiving the
true-risk. The true-risk for WHR <1 will be conditioned on WC cutoff, irrespective of HC value.

Figure 3.
Craniocaudal view for WC and HC from a schematic neutral model of the human body. Overlapping axial planes. Explanations for understanding are given in the main text.
Names of lines and rays, where appropriate. The origin of the horizontal rays represent the same level of measurement for WC (HC: hip circumference; r: radius; WC: waist

circumference; WHD: waist-hip difference; WHR: waist-to-hip ratio).
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In fact, a narrow hip lower than or equal to WC appears unlikely in
any anthropometrically healthy person. Obviously, only when WHR
is>1 or WHD < 0 (x = zero or a negative value) may true-risk
indicators be used in order to draw a valid conclusion. In our
results, these arguments are taxatives because within these limits
there was no overlap in the distribution of points for cases and
controls (Fig. 1), and whole risk was associated to cases. On this
basis, accepting a WHR cutoff < 1 as a marker of whole risk
would be wrong because HC > WC and WHD > O were associated
with the control group. Besides, WC and HC may only coincide
in one estimate of risk when WC takes the same value as HC
(shared origin point (x, y) in a Cartesian coordinates system where
the horizontal x-axis intersect with the vertical y-axis, and x =y
(WHR = 1; WHD = 0) (Fig. 2 and 3).

Mathematically, equal numbers for WHR < 1 would mark
different individuals and an infinite number of proper fractions
where HC = WC + x is fulfilled for receiving the same WHR
value, but not referring to the same whole risk (e.g., 93/98 vs.
94/99 vs. 95/100, etc., = 0.95: x = 5; 93/95.9 vs. 94/96.9 vs.
98/100.9, etc., = 0.97: x = 2.9; 93.8/93.9 vs. 94.2/94.3 vs.
96/96.1, etc., = 0.99: x = 0.1; HC > WC in all). However, from a
biological standpoint there would be true risk when WC (> 94.4)
predicts a whole-risk assignment, and a spurious risk when WC
(< 94.4) predicts a spurious-risk assignment, and therefore a
bias would occur for WHR by selecting spurious-risk points as
true-risk ones when they merely represent a protective overes-
timation for HC concerning WC. In fact, we have checked that
WHR, .. , o, Presented no significant inter-group difference for
indicating a similar baseline covariate (18). However, after con-
ditioning, WHRs presented a higher prevalence in cases, which
indicated that risk assignment was incorrect and inconsistent.
Accordingly, the selected points for WHR < 1 at the top will yield
a misclassification with respect to WC because HC values do not
account for the same estimate of risk as WC. In contrast, WHD
showed no overlap area between their positive cutoff (2.2) and
0.1 (equivalent to WHR = 0.99). Similarly, WC and WHD cutoffs
also lied on their rays ahead of their shared point with HC as
anthropometrically expected, but never presenting a selection bias
(Fig. 2 and 3). Hence, accepting a risk-code for WHR < 1 without
proving whole risk for WC alone would not be a valid selection.
In our results, WHR < 1 was associated with controls whereas
WHR > 1 showed a higher prevalence in cases, with a scientifically
incongruous WHR-associated risk above WC. These findings and
the rays of risk preclude a direct risk comparison between WG
and WHR given that any WHR cutoff < 1 will always involve a
protective overestimation for HC, and therefore, a systematic bias.

Surprisingly, most studies in predicting CVD risk always showed
aWHR risk cutoff < 1 while selection biases were never discussed
(3,7-11,16,17,20-27). Additionally, evidence supports that WHR
is lower in women than in men (3,7-11,16,17,20-29) by involving
a relatively larger HC and the longest a-segment, which ranges
between the lowest (e.g., 0.76) and 0.99 value (Fig. 2). However, a
HC larger than WC when the second predicts a risk code does not
involve cardiovascular protection either. This observation may help
explain a higher bias for WHR in the prediction of CVD in women
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due to a higher selection of fractions there where HC does not
account for the same estimate of risk as WC. Similarly, a higher
bias for WHR would occur when WC is taken at the minimum level
due to a longer range between the lowest value and 0.99. In both
approaches, the higher the range, the higher the bias that occurs
due to the selection of a higher number of spurious-risk points
where the protective effect for HC would always be overestimated.

Some previous studies reported a trend towards a higher risk
for CVD as HC decreased (3,8,21,22), but there is currently no
supporting evidence that HC carries any cardiometabolic risk (15-
17), especially because most studies showed high mean values
for HC (always HC > WC) (3,7,9,13,14,17,29). Obviously, from any
value of HC > WC, WHR moves towards 0.99 as HC decreases,
but not necessarily affecting true risk. It is clear then that some-
thing does not add up between a high association for WHR and its
relationship with whole risk (13,14). Additionally, HC-adjusted WC
has shown the strongest association with coronary disease and
cardiovascular mortality (21-23); but this association also appears
to be wrong due to a selection bias whole risk. By combining WC
and HC at the same level of equality (21-23) (HC = WC instead
of HC = WC + x), the paired equivalence of two different values
would adulterate the WHR-associated risk, and we will find spuri-
ous-risk points in the strongest association even when HC = WC
+ 0.1. On the contrary, with the same baseline characteristics,
when WHD = 0.1 there will always be true risk without selection
bias or conditioning the covariate. Thus, in all direct quantitative
comparisons between tertiles/quantiles, quintiles, ROC analysis
and other statistical models, either WHR- or HC-adjusted WC will
falsely yield stronger results for predicting risk than WC, since the
model cannot distinguish between equal numbers with a different
true risk each one of them, as was said above.

In another consideration, we have revealed that WHR and WHtR
predict different risks if HC and height do not have a relationship
such as height /HC = 2. This ratio would occur if, and only if, WHR
/WHtR = 2 (e.g.,0.90/0.45, 0.95/0.475, 0.98/ 0.49, 1/0.5, etc.)
(13), which also seems anthropologically unlikely (HC is always
higher than height / 2). In fact, when we have compared ROC
curves and ORs to identify association strength, the risk cutoff
selected for WHR (> 0.95) was always lower than that for WHtR
(0.54) x 2 (WHR /WHIR < 2), which indicated a different sensitivity
and no risk equivalence between both indices. Along this line, the
UK Biobank study showed an association of incident Ml with WHR
and WHIR, and a 1-SD higher WHR was more strongly associated
than WC and WHIR in both sexes (7). However, WHR at the top was
always < 1 when WHIR at the bottom showed a value of > 0.45-
0.5 (WHR / WHIR < 2); so risk comparisons between both indices
turned out to be biased (7,13,14). Hence, when a WHR cutoff is
lower than WHtR x 2, a selection bias will occur for WHR due to a
protective overestimation of HC with regard to height (13).

In our research line, we have warned that risk assessment
is a matter of volume in relation to mass and density of bodily
components (13,14). Thus, if we consider the human body as
a three-dimensional solid, shaped somewhere between a cyl-
inder and two truncated cones, both the areas of the bases and
height can be used to calculate its total volume, although without
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Area of the minor base
‘ 3-D cylindrical disk at umbilicus level in an axial plane:
Ih1 = WHItR = Thickness (height) of the disk (cm)
area thickness
2 i ey pr——
Volume of this disk (V1: ecm?) = mr? x h1
-~
-
& ‘ 3-D conical frustum at umbilicus level in an axial plane: ‘
S
a Ih1 = WHItR = Thickness (height) of the frustum (cm)
E Volume of this frustum (V2: cm?®): V2=13 mh1 (R*+r*+R«r)
h V2 (cm?) Volume of solids (disk method)
= Number of parallel disks/frustums in both shapes = height / WHIR
number of disks
Total volume of the cylinder = mr? x h = V1 x h/WHIR
Total volume of the double truncated cone = (V2 1+ V2 @+ V2 i3
mumber of frustums
——
+V2u4 . +V2(n)); n=h/WHR
r |
Area of the base =TI
Solid geometry in two three-dimensional shapes thot
simulate the total volume of a human body from the head
to the feet: A cylinder and a double truncated cone joined
at the major base at umbilicus level
Figure 4.

Geometric model representing the human body as a solid cylinder or two truncated cones joined together at their major bases. “Volume” refers to the amount of three-di-
mensional space that bodily components occupy in relation to their mass and density (h: height for both shapes; h,: thickness of the disk and frustum; h,: height of a single
truncated cone (n/2); WC: waist circumference; WHIR: waist-to-height ratio; R: radius of the major base; r: radius of the minor base; V,: volume of the cylindrical disk; V,:
volume of the conical frustum. The base of the cylinder and the major base of the truncated cone have a length equal to WC as appropriate).

differentiating between biological components. However, the vol-
ume of a three-dimensional disk or frustum at the umbilicus level
depends on WC and WHIR in a segment whose intra-abdominal
components occupy all the space available except for a small
peripheral-subcutaneous volume, which is less deleterious than
intra-abdominal fat depots. Thereby, WHtR gives us the relative
risk volume that we have by unit of height in direct-inverse rela-
tionship with WC-height, and the higher the WHR, the higher the
risk (Fig. 4).

Conceptually and anthropometrically, from an abdominal obe-
sity volume, relative adiposity and at-risk BC, WC and height,
and skinfolds to a lesser extent, are the basic measurements for
predicting cardiometabolic and CVD risk (10,11,13,14,16,17,24-
40), and technological methods should find the highest risk cor-
relations here. It is clear that by using HC we will never capture an
abdominal risk volume, nor a BC at greater risk of Ml as compared
to those of WC alone. Epidemiologically, this conceptual premise
should be the key issue to guide anthropometric research, and to

enable us to understand the differences between association and
causality for biological risk when handling physical characteristics
linked to different bodily components.

The most important strength of our findings is that WHR pres-
ents a high association, but partially capturing a dimension of
spurious risk (13,14). Most studies have taken WHR from where
HC values were comparatively higher than WC and height / 2
(WHR < 1; WHR / WHIR < 2). That way, researchers accepted a
risk assignment for true negative values of WHR, making them
as mathematically incorrect by the assumption of HC as protec-
tive factor. Thus, WHR has been used in thousands of people to
evaluate the association of abdominal obesity and cardiovascular
event risk without taking into account our mathematical obser-
vation (3,6-9,16,17,20-23,25-29,33,34,37). Accordingly, all
WHR-associated risk above WC and WHIR is misleading evidence
that has fooled scientists because of the research process itself,
which slanted arithmetic data in an artificial direction. While this
happened in important studies our disclosures were unknown;
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S0 recommendations made on the issue related to WHR use for
determining abdominal obesity and a substantially increased risk
of metabolic complications and Ml turned out to be false or at
least to entail an information bias when pointing to central obesity
(3,6-9,16,17,29).

In our graphs (Fig. 2-4) any whole population may be repre-
sented, including cases and controls and longitudinal follow-up for
abdominal obesity and CVD risk. From any WC level, the horizontal
rays keep a direct and inverse-negative relationship with WC and
WHD, respectively. As WC increases by abdominal obesity, the
points with greater excess risk move further outward. Similarly,
as WHIR increases, the higher the relative volume, the higher the
whole risk. In contrast, WHR draws neither rays nor greater excess
risk, at least up to a 0.99 value, where in any range a higher-lesser
bias occurs as HC increases-decreases and WC does not move in
their ray. Therefore, in classifying a directly progressive true risk
between the WHR risk cutoff and 0.99, it appears that no valid
scores may be found. The answer is mathematical: in that stratum
of points for WHR we could always find equal numbers, which
precludes that true risk and spurious risk may be separated without
accounting for WC being assigned the true risk. In summary, in
assessing abdominal obesity and MI risk prediction WHR exhibits
a systematic bias because of its being a confounding variable.
Since the whole risk assigned to WHR < 1 is a false premise
(mathematically not correct), the conclusions drawn from the sta-
tistical association will be epidemiologically in error. Any WHR cut-
off < 1 precludes the same estimate of risk for WC and HC, making
anthropometrically impossible the validity of WHR for predicting MI
risk beyond that of WC alone. Consequently, WHR neither offers
any advantages above WC, nor provides an accurate estimation
of volume and at-risk BC. WHR remains attractive at first sight but
will never perform better than WC or WHtR, at least regarding the
true nature of risk. Our detailed research anthropometrically has
no limitations, quite the opposite is the case. Evidence supports
that our findings exhibit external validity and may be extrapolated
to other ethnically-based or sex-specific study populations. With
a WHR cutoff < 1, the association of abdominal obesity and Ml is
mathematically incorrect and anthropometrically unjustified, and
will introduce biases in the results and provide false conclusions. It
will easily be checked by transferring metrics and the correspond-
ing risk cutoffs to the equations/formulas and our anthropometric
models. Imaging-derived measurements of the real at-risk BC,
especially %BF and visceral adiposity volume, should confirm it.

CONCLUSION

This study demonstrates an association bias for WHR in pre-
dicting Ml risk. WHR-associated risk becomes a misleading evi-
dence derived from a generalized mathematical misconception,
which overestimates the protective effect of HC concerning WC
and height. True risk exclusively derives from abdominal obesity
volume and enlarged WC, which renders HC irrelevant. Any asso-
ciation of MI/CVD risk with WHR above WC and WHIR is mathe-
matically biased and anthropometrically inconsistent; it becomes
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epidemiologically false and clinically useless. WHtR as pointing
to a relative abdominal volume will not entail any bias, and may
capture a dimension of risk above WC. This only happens when
height shows an inverse association for increasing the discrim-
inative ability of WHtR beyond that of WC, as proven. We offer
new insights and anthropometric demonstrations that should be
incorporated into clinical understanding when rigorously handling
CVD risk as associated with metrics from abdominal obesity and
unhealthy nutrition status by excess %BF.

REFERENCES

1. GBD 2017 Causes of Death Collaborators. Global, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries and
territories, 1980-2017: a systematic analysis for the Global Burden of Dis-
ease Study 2017. The Lancet 2018;392:1736-88. DOI: 10.1016/S0140-
6736(18)32203-7

2. Nicklas BJ, Penninx BH, Cesari M, Kritchevsky SB, NewmanAB, Kanaya AM, et
al. Association of Visceral Adipose Tissue with Incident Myocardial Infarction
in Older Men and Women The Health, Aging and Body Composition Study.
Am J Epidemiol 2004;160:741-9. DOI: 10.1093/aje/kwh281

3. Yusuf S, Hawken S, Ounpuu S. Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART
study): case-control study. Lancet 2004;364:937-52. DOI: 10.1016/S0140-
6736(04)17018-9

4. Lassale C, Tzoulaki I, Moons KGM, Sweeting M, Boer J, Johnson L, et al.
Separate and combined associations of obesity and metabolic health with
coronary heart disease: a pan-European case-cohort analysis. Eur Heart J
2018;39(5):397-406. DOI: 10.1093/eurheartj/ehx448

5. Cornier MA, Després JP, Davis N, Grossniklaus DA, Klein S, Lamarche
B, et al. Assessing adiposity: a scientific statement from the American
Heart Association. Circulation 2011;124(18):1996-2019. DOI: 10.1161/
CIR.0b013e318233bc6a

6. Egeland GM, Igland J, Vollset SE, Sulo G, Eide GE, Tell GS. High population
attributable fractions of myocardial infarction associated with waist-hip ratio.
Obesity 2016;24(5):1162-9. DOI: 10.1002/0by.21452

7. Peters SAE, Bots SH, Woodward M. Sex Differences in the Associa-
tion Between Measures of General and Central Adiposity and the Risk of
Myocardial Infarction: Results From the UK Biobank. J Am Heart Assoc
2018;7(5):e008507. DOI: 10.1161/JAHA.117.008507

8. Nilsson G, Hedberg P, Leppert J, Ohrvik J. Basic Anthropometric Measures in
Acute Myocardial Infarction Patients and Individually Sex- and Age-Matched
Controls from the General Population. J Obes 2018;2018:3839482. DOI:
10.1155/2018/3839482

9. Cao Q, Yu S, Xiong W, Li Y, Li H, Li J, et al. Waist-hip ratio as a predictor of
myocardial infarction risk. A systematic review and meta-analysis. Medicine
2018;27-30:¢11639. DOI: 10.1097/MD.0000000000011639

10. Brown JC, Harhay MO, Harhay MN. Anthropometrically-predicted visceral
adipose tissue and mortality among men and women in the third nation-
al health and nutrition examination survey (NHANES Il). Am J Hum Biol
2017;29:e22898. DOI: 10.1002/ajhb.22898

11. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et
al. Harmonizing the metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation 2009;120(16):1640-5. DOI:
10.1161/CIRCULATIONAHA.109.192644

12. Ladeiras-Lopes R, Sampaio F, Bettencourt N, Fontes-Carvalho R, Ferreira N,
Leite-Moreira A, et al. The Ratio Between Visceral and Subcutaneous Abdom-
inal Fat Assessed by Computed Tomography Is an Independent Predictor of
Mortality and Cardiac Events. Rev Esp Cardiol (Engl Ed) 2017;70(5):331-7.
DOI: 10.1016/j.recesp.2016.09.006

13. Martin-Castellanos A, Cabafias-Armesilla MD, Barca-Duran FJ, Martin P,
Gomez-Barrado JJ. Obesity and risk of Myocardial Infarction in a Sample of
European Males. Waist To-Hip-Ratio Presents Information Bias of the Real
Risk of Abdominal Obesity. Nutr Hosp 2017;34(1):88-95. DOI: 10.20960/
nh.982



510

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Martin-Castellanos A, Martin-Castellanos P, Cabafias MD, Barca-Duran FJ.
Adiposity-Associated Anthropometric Indicators and Myocardial Infarction Risk:
Keys for Waist to-Height-Ratio as Metric in Cardiometabolic Health. AJFNH
2018;3(5):100-7 [Accessed Dec 2019]. Available from: http://www.aascit.
org/journal/ajfnh

Stewart A, Marfell-Jones M, Olds T, De Ridder H. International Society for the
Advancement of Kinanthropometry. International standards for anthropometric
assessment. Lower Hutt, New Zealand: International Society for the Advance-
ment of Kinanthropometry; 2011. p. 50-3, 83-5.

World Health Organization. Waist circumference and waist-hip ratio: report
of a WHO expert consultation, Geneva, 8-11 December 2008. World Health
Organization; 2011 [Accessed Feb 2020]. Available from: http://www.who.
int/iris/handle/10665/44583

Gavriilidou NN, Pihlsgard M, Elmstahl S. Anthropometric reference
data for elderly Swedes and its disease-related pattern. Eur J Clin Nutr
2015;69(9):1066-75. DOI: 10.1038/gjcn.2015.73

Rosenbaum PR, Rubin DB. The Central Role of the Propensity Score in
Observational Studies for Causal Effects. Biometrika 1983;70(1):41-55. DOI:
10.1093/biomet/70.1.41

Moons P. Propensity weighting: How to minimise comparative bias in
non-randomised studies? Eur J Cardiovasc Nurs 2020;19:83-8. DOI:
10.1177/1474515119888972

de Koning L, Merchant AT, Pogue J, Anand SS. Waist circumference and waist-
to-hip ratio as predictors of cardiovascular events: meta-regression analysis of
prospective studies. Eur Heart J 2007;28(7):850-6. DOI: 10.1093/eurheartj/
ehm026

Cameron AJ, Magliano DJ, Séderberg S. A systematic review of the impact
of including both waist and hip circumference in risk models for cardiovas-
cular diseases, diabetes and mortality. Obes Rev 2013;14(1):86-94. DOI:
10.1111/).1467-789X.2012.01051 x

Carmienke S, Freitag MH, Pischon T, Schlattmann P, Fankhaenel T, Goebel
H, et al. General and abdominal obesity parameters and their combination in
relation to mortality: a systematic review and meta-regression analysis. Eur J
Clin Nutr 2013;67(6):573-85. DOI: 10.1038/ejcn.2013.61

Nalini M, Sharafkhah M, Poustchi H, Sepanlou SG, Pourshams A, Radmard AR,
et al. Comparing Anthropometric Indicators of Visceral and General Adiposity
as Determinants of Overall and Cardiovascular Mortality. F Arch Iran Med
2019;22 (6):301-9.

Liu J, Tse LA, Liu Z, Rangarajan S, Hu B, Yin L, et al. PURE (Prospective
Urban Rural Epidemiology) study in China. Predictive Values of Anthropometric
Measurements for Cardiometabolic Risk Factors and Cardiovascular Diseas-
es Among 44 048 Chinese. J Am Heart Assoc 2019;8(16):e010870. DOI:
10.1161/JAHA.118.010870

Czernichow S, Kengne AP, Stamatakis E, Hamer M, Batty GD. Body mass index,
waist circumference and waist-hip ratio: which is the better discriminator of
cardiovascular disease mortality risk?: evidence from an individual-participant
meta-analysis of 82 864 participants from nine cohort studies. Obes Rev
2011;12(9):680-7. DOI: 10.1111/j.1467-789X. 2011. 00879.x

Song X, Jousilahti P, Stehouwer CD, Séderberg S, Onat A, Laatikainen T,
et al. Comparison of various surrogate obesity indicators as predictors of
cardiovascular mortality in four European populations. Eur J Clin Nutr
2013;67(12):1298-1302. DOI: 10.1038/gjcn.2013.203

Gruson E, Montaye M, Kee F, Wagner A, Bingham A, Ruidavets JB, et al.
Anthropometric assessment of abdominal obesity and coronary heart dis-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

A. Martin Castellanos et al.

ease risk in men: the PRIME study. Heart 2010;96(2):136-40. DOI: 10.1136/
hr.2009.171447

Lam BC, Koh GC, Chen C, Wong MT, Fallows SJ. Comparison of Body
Mass Index (BMI), Body Adiposity Index (BAI), Waist Circumference (WC),
Waist-To-Hip Ratio (WHR) and Waist-To-Height Ratio (WHtR) as pre-
dictors of cardiovascular disease risk factors in an adult population in
Singapore. PLoS One 2015;16;10(4):0122985. DOI: 10.1371/journal.
pone.0122985

Medina-Inojosa JR, Batsis JA, Supervia M, Somers VK, Thomas RJ, Jenkins
S, et al. Relation of Waist-Hip Ratio to Long-Term Cardiovascular Events in
Patients With Coronary Artery Disease. Am J Cardiol 2018;121(8):903-9. DOI:
10.1016/j.amjcard.2017.12.038

Lee JJ, Pedley A, Hoffmann U, Massaro JM, Levy D, Long MT. Viscer-
al and Intrahepatic Fat Are Associated with Cardiometabolic Risk Factors
Above Other Ectopic Fat Depots: The Framingham Heart Study. Am J
Med 2018;131(6):684-92.e12. DOI: 10.1016/j.amjmed.2018.02.002
Chen', Jiang J, Shi J. Association of Visceral Fat Index and percentage Body
Fat and Anthropometric Measures with Myocardial Infarction and Stroke. J
Hypertens 2016;5:235. DOI: 10.4172/2167-1095.1000235

Estruch R, Ros E, Salas-Salvadd J, Covas MI, Corella D, Ards F, et al. PRED-
IMED Study Investigators. Primary Prevention of Cardiovascular Disease with
a Mediterranean Diet. N Engl J Med 2013;368(14):1279-90. DOI: 10.1056/
NEJMoa1200303

Kang SH, Cho KH, Park JW, Do JY. Comparison of waist to height ratio and
body indices for prediction of metabolic disturbances in the Korean population:
the Korean National Health and Nutrition Examination Survey 2008-2011. BMC
Endocr Disord 2015;15:79. DOI: 10.1186/s12902-015-0075-5

Rost S, Freuer D, Peters A, Thorand B, Holle R, Linseisen J, et al. New indexes
of body fat distribution and sex-specific risk of total and cause-specific mor-
tality: a prospective cohort study. BMC Public Health 2018;18(1):427. DOI:
10.1186/512889-018-5350-8

Swainson MG, Batterham AM, Tsakirides C, Rutherford ZH, Hind K. Prediction
of whole-body fat percentage and visceral adipose tissue mass from five
anthropometric variables. PLoS One 2017;12(5):e0177175. DOI: 10.1371/
journal.pone.0177175

Woolcott 00, Bergman RN. Relative fat mass (RFM) as a new estimator of
whole-body fat percentage — A cross-sectional study in American adult indi-
viduals. Scientific Reports 2018;8(1):10980. DOI: 10.1038/s41598-018-
29362-1

Hajian-Tilaki K, Heidari B. Comparison of abdominal obesity measures in pre-
dicting of 10-year cardiovascular risk in an Iranian adult population using ACG/
AHA risk model: A population based cross sectional study. Diabetes Metab
Syndr 2018;12(6):991-7. DOI: 10.1016/}.dsx.2018.06.012

Howell CR, Mehta T, Ejima K, Ness KK, Cherrington A, Fontaine KR. Body
Composition and Mortality in Mexican American Adults: Results from the
National Health and Nutrition Examination Survey. Obesity (Silver Spring)
2018;(8):1372-80. DOI: 10.1002/0by.22251

Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale KM,
Balachandran K, et al. Metabolically healthy obese and incident cardiovas-
cular disease events among 3.5 million men and women. J Am Coll Cardiol
2017;70(12):1429-37. DOI: 10.1016/j.jacc.2017.07.763

Choi D, Choi S, Son JS, Oh SW, Park SM. Impact of Discrepancies in General
and Abdominal Obesity on Major Adverse Cardiac Events. J Am Heart Assoc
2019;8(18):e013471. DOI: 10.1161/JAHA.119.013471

[Nutr Hosp 2021;38(3):502-510]



ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

Trabajo OFigiﬂ&' Obesidad y sindrome metabdlico

Development and validation of prognostic models to estimate body weight loss
in overweight and obese people

Desarrollo y validacion de modelos de prondstico para estimar la pérdida de peso corporal
en personas con sobrepeso y obesidad

Miguel Angel Rojo-Tirado, Pedro José Benito, and Francisco Javier Calderon

LFE Research Group. Department of Health and Human Performance. Facultad de Ciencias de la Actividad Fisica y el Deporte-INEF. Universidad Politécnica de Madrid.

Madrid, Spain

Keywords:

Body composition.
Exercise intervention.
Dietary intervention.
BIA. DXA.

Abstract

Background: predicting weight loss outcomes from information collected from subjects before they start a weight management program is an
objective strongly pursued by scientists who study energy balance.

Objective: to develop and validate two prognostic models for the estimation of final body weight after a six-month intervention period.

Material and methods: the present work was developed following the TRIPOD standard to report prognostic multivariable prediction models. A
multivariable linear regression analysis was applied to 70 % of participants to identify the most relevant variables and develop the best prognostic
model for body weight estimation. Then, 30 % of the remaining sample was used to validate the model. The study involved a 6-month intervention
based on 25-30 % caloric restriction and exercise. A total of 239 volunteers who had participated in the PRONAF study, aged 18 to 50 years, with
overweight or obesity (body mass index: 25-34.9 kg/m?), were enrolled. Body composition was estimated by dual-energy X-ray absorptiometry
(DXA) and by hand-to-foot bioelectrical impedance (BIA) analysis.

Results: prognostic models were developed and validated with a high correlation (0.954 and 0.951 for DXA and BIA, respectively), with the
paired t-tests showing no significant differences between estimated and measured body weights. The mean difference, standard error, and 95 %
confidence interval of the DXA model were 0.067 + 0.547 (-1.036-1.170), and those of the BIA model were -0.105 + 0.511 (-1.134-0.924).

Conclusions: the models developed in this work make it possible to calculate the final BW of any participant engaged in an intervention like the
one employed in this study based only on baseline body composition variables.
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Resumen

Antecedentes: predecir los resultados de la pérdida de peso a partir de la informacién recogida de los sujetos antes de que empiecen los
programas de control de peso es un objetivo a largo plazo.

Objetivo: desarrollar y validar un modelo de prondstico para la estimacion del peso corporal final después de un periodo de intervencion de
Seis meses.

Material y métodos: el presente trabajo se desarrolld siguiendo el estandar TRIPOD para reportar modelos prondsticos de prediccion multivaria-
ble. El andlisis de regresion lineal multivariable se aplicd al 70 % de los participantes para identificar las variables mas relevantes y desarrollar el
mejor modelo prondstico para la estimacion del peso corporal. Luego, el 30 % restante se utilizo para validar el modelo. Se realizé una intervencion
de 6 meses basada en la restriccion caldrica y el ejercicio. Los participantes fueron 239 voluntarios que habian participado en el estudio PRONAF,
de 18 a 50 afios de edad y con sobrepeso u obesidad (indice de masa corporal: 25-34,9 kg/m?). La composicion corporal se evalué mediante

Palabras clave:

la absorcion de rayos X de energia dual y el andlisis de la impedancia bioeléctrica de mano a pie.

Composicion Resultados: los modelos desarrollados se calibraron y validaron con una alta correlacion (mas de 0,94), no mostrando las pruebas t emparejadas
ggrgﬁerf‘c'i-c'igte”’em'o” diferencias significativas entre los pesos corporales estimados y los medidos.

Intervencion dietética. Conclusiones: los modelos desarrollados en este trabajo permiten calcular el peso corporal final de cualquier participante que participe en una
BIA. DXA. intervencion como las empleadas en este estudio, conociendo Unicamente sus variables de composicion corporal iniciales.

INTRODUCTION

The prevalence of obesity has dramatically increased world-
wide among both children and adults in recent years (1,2). Forty
to sixty percent of the adult population in the western world is
actively attempting to reduce their body weight (BW). Neverthe-
less, overweight and obesity remain highly predominant sources
of health problems, which suggests that many of those attempts
are unsuccessful (3). Decreased caloric intake and increased
physical activity remain the first line of treatment for most weight
management programs (4,5).

The usual course of weight loss therapy shows that weight
is lost quickly at first, and the point of greatest loss occurs 6
months after beginning treatment; then weight is slowly regained
until weight returns near the original level (6). Predicting weight
loss outcomes from information collected from subjects before
they start weight management programs is a long-standing goal
(7). In the area of human energy metabolism and body weight
regulation, several mathematical models of weight change have
been proposed over the past few decades (8-11). Such models
provide a theoretical prediction of how body weight will change
for a given energy intake and physical activity intervention assum-
ing perfect adherence. These models have been validated under
highly controlled conditions when adherence to the intervention
can be assured. However, under less controlled conditions of
people following an outpatient weight loss program, the ability
to estimate the loss of body mass (or weight) at the end of the
intervention represents an intellectual gap for health profession-
als. Therefore, intervention studies are needed that demonstrate
the magnitude of the error in their estimates, and suggest more
accessible strategies to estimate final weight. In previous literature
references it was shown that no differences exist between the
types of treatment followed as long as a diet is included (12,13),
as has been also demonstrated within this sample (14,15). So, for
health professionals it would be interesting to predict the weight
that their patients will lose just by assessing easy-to-measure
simple variables such as body composition variables at the start
of the intervention. Therefore, the aim of this research was to

explore several body composition variables in order to develop a
comprehensive prognostic model for the estimation of final body
weight after a particular six-month intervention period.

METHODS

SOURCE OF DATA

The sample population used for this study was drawn from
a clinical trial (ClinicalTrials.gov ID: NCT01116856) conducted
from January 2010 through June 2011, and followed the eth-
ical guidelines of the Declaration of Helsinki. The Institutional
Review Board at La Paz University Hospital (PI-643) reviewed
and approved the study design and research protocol. Details
concerning the theoretical background, protocol, and intervention
of the clinical trial are described elsewhere (16). Furthermore, the
present work was developed following the TRIPOD (Transparent
Reporting of a multivariable prediction model for Individual Prog-
nosis Or Diagnosis) standard for reporting prognostic models of
multivariate prediction (17).

PARTICIPANTS

The study participants were recruited through several adver-
tisement campaigns covering a wide variety of media (television,
radio, press, and the internet). A total of 2,319 potential partici-
pants, recruited from the general population, were informed about
the nature of the study, and those who were 18 to 50 years old,
had a BMI between 25 and 34.9 kg/m?, were non-smokers, were
sedentary (i.e., two hours or less of structured exercise per week)
(18), and had glucose levels < 5.6 mmol/L (< 100 mg/dL) were
invited to participate in this study. Women with any disturbances
in their menstrual cycle were not eligible to participate in the
study. Eligible participants who were willing to participate provided
their written informed consent prior to joining the study, and then
completed a baseline assessment at the involved medical center,
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after which they were randomly assigned to the study groups.
Randomization was computer-generated (Fig. 1).

Participants underwent a 6-month diet and exercise-based
intervention, focusing on behavioral change, in two different
waves: one of overweight participants (from January 2010 to
June 2010) and one of obese participants (from January 2011
to June 2011). Each wave was split into four randomly assigned
groups, stratified by age and sex: strength group (S), endurance
group (E), combined strength and endurance group (SE), and con-
trol group, which followed the physical activity recommendations.
The measurements took place within the first week (pre-interven-
tion values) for all participants at baseline and after 22 weeks of
intervention, in week 24 (post-intervention values).

Before the intervention started all participants were instructed
to continue their usual daily activities as performed right before
the intervention period, and their physical activity was assessed
by a SenseWear Pro3 Armband™ accelerometer (Body Medlia,
Pittsburgh, PA, USA) for a full week every month. Participants were
instructed to wear the monitor continuously for 5 days, including
weekend days and weekdays, following general recommendations
(19). Data were recorded at 1-min intervals. Daily energy expen-
diture was calculated using the Body Media proprietary algorithm
(Interview Research Software Version 6.0). In addition, they were
required to report the kind, duration, and intensity of any physical
activity undertaken, and the amount of any food ingested during
the intervention period by means of a personal diary.

Respond to the advertisement
Enroliment n=2319
Not interested after preliminar
information <
n=1150
Contacted and completed the
v secondary questioner
n=1169
Not eligible
n=2844
Y Individual elegible for
Excluded for pathologies n=120 orientation visit
Out of specified range of age n=148 n =325
Inadequate Body Mass Index n =455 : .
No sedentary behavior n=102 > Ng: f;?gslgl(‘f;ﬂg;gﬁﬂgg
Smoke habit n=44 n=86
Metabolic Syndrome n=44 y
Binge Eating Disorder n=20 Randomized
Injuries and other reasons n=11 n=239
Allocation
Asigned to S Asigned to E Asigned to SE Asigned to C
n=60 n==60 n==60 n=59
I I I I
Withdrew: ) . Withdrew:
9 Personal reasons \{\I'thgrgx: nge 3 Personal reasons Withdrew:
2 Exercise adherence 4 Lost inter%st 3 Job change 2 Personal reasons
1 Diet adherence 3 Personal reasons 5 Lost interest 15 Lost interest
3 Lost interest 1 Diet adherence 2 Diet adherence 2 Diet adherence
2 Job change 1 Diet and Exercise adherence
Follow-Up (6 months analysis) (-24.6%)
[1-5] [1-a]

Figure 1.
Participant flow diagram.
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At the beginning of the intervention the negative energy balance
was calculated considering the daily energy expenditure and a
3-day food record, in order to decrease dietary energy intake
by 25-30 % during the intervention. Adherence to the diet was
calculated as the estimated kcal content of the diet divided by the
actual keal intake in percentage ([estimated kcal of diet / actual
kcal intake] x 100), with 100 % being the highest adherence,
following a methodology similar to that of other previous studies
(20). Moreover, adherence to exercise was calculated by the num-
ber of sessions completed in relation to the theoretical number of
sessions ([sessions performed / total sessions] x 100). Attendance
of more than 90 % of training sessions, and an adherence to diet
over 80 % were required.

DIET INTERVENTION

All participants followed an individualized hypocaloric diet with
a 25-30 % caloric restriction (CR) from their own daily ener-
gy expenditure (21), which was measured by using the Sense-
Wear Pro Armband™ (Body Media, Pittsburgh, PA, USA), which
provides underestimates by a mean value of 8.8 % (22). Then,
the macronutrient distribution was carried out according to the
recommendatios issued by the Sociedad Espariola de Nutricion
Comunitaria (23).

EXERCISE INTERVENTION

All exercise training groups (strength, endurance, and com-
bined) followed an individualized training program, which con-
sisted of exercise sessions three times a week for 22 weeks,
carefully supervised by certified personal trainers. Details about
the different protocols developed for these groups are described
elsewhere (16).

CONTROL GROUP

Participants in the control group followed the dietary inter-
vention and complied with the recommendations about physical
activity issued by ACSM (24). Thus, control subjects were advised
to undertake at least 200-300 min of moderate-intensity physical
activity per week (30-60 min on most, if not all, days of the week).

OUTCOME

Body weight was measured in kilograms with a Tanita scale
(TANITA BC-420MA. BioLogica Tecnologia Médica SL, Spain) at
baseline and just after the intervention period.

PREDICTORS

Body composition (fat mass and fat-free mass) was assessed
by dual-energy X-ray absorptiometry (DXA) (GE Lunar Prodigy;

M. A. Rojo-Tirado et al.

GE Healthcare, Madison, WI, USA), and the scan analysis was
performed using the GE Encore 2002, version 6.10.029, soft-
ware to measure total fat mass in kg (FMD) and fat-free mass in
kg (FFMD). Moreover, these parameters were also assessed by
hand-to-foot bioelectrical impedance analysis (BIA) (OMRON BF
306W Analyzer, OMRON HEALTH-CARE Co., Ltd, Ukyo-ku, Kyoto,
Japan), measuring fat mass in kg (FMB) and fat-free mass in kg
(FFMB). All these predictors were measured just before and after
the intervention period.

SAMPLE SIZE

The initial sample size was determined by the sample size
estimation made in the clinical trial where the data for this work
were obtained (25). Specifically for this study, the sample that
completed the clinical trial (180 participants) was randomly divid-
ed into two subsets — with 70 % of the sample (134 partici-
pants) the prognostic model was developed, and later validated
with the remaining 30 % of the sample (46 participants). In this
way, the model was validated with a population that was different
from the one it was developed with.

MISSING DATA

Participants who did not complete the intervention (for personal
reasons, change of job, loss of interest, etc.), or whose adherence
to the diet or exercise program was insufficient, had their infor-
mation excluded from the analysis (Fig. 1).

STATISTICAL ANALYSIS METHODS

A one-way multivariate analysis of variance for repeated mea-
sures (MANOVA) was employed to compare the initial and final
body composition variables between the development and vali-
dation subsets. Next, we applied a multivariable linear regression
analysis to identify the most relevant variables associated with
body weight from the development subset (70 % of the partici-
pants randomly sampled), to construct the best prognostic model
for body weight estimation. These multivariable linear regression
models were fitted to predict the final body weight. In each case,
the dependent variable (predictor) was final body weight (in kilo-
grams) and the independent variables were sex, initial body weight,
height, type of treatment, fat mass, and fat-free mass for both the
DXA and BIA models. A backward elimination approach was used
to finalize the regression models. If the slope for an independent
variable was not found to be significantly different than zero at
a = 0.05, that independent variable was excluded from the model.
In addition, standardized coefficients of each variable and their
95 % confidence intervals were also obtained. To assess the fit of
the prognostic model conventional linear regression models were
used according to the coefficient of determination (R?). After the
prognostic models were fitted, they were applied to the remaining
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30 % of the sample, carrying out a cross-validation and obtaining
their predicted body weight measurements. Therefore, the models
were validated by comparing the means from the measured and
predicted body weight measurements using a paired Student’s
t-test. Pearson correlation coefficient (r) was used to assess the
linear bivariate relationship among predicted and measured BW. In
addition, mean differences, standard error of the mean (SEM), and
95 % confidence intervals were determined. Moreover, Bland-Al-
tman plots were drawn to establish the limits of agreement for
actual body weight against predicted weight, for both the DXA and
BIA models. The data were statistically analyzed using the PASW
Statistics software, version 18.0 for Windows (SPSS Inc., Chicago,
Illinois, USA). Data was presented as mean + standard deviation
(mean + SD). For all tests a p-value < 0.05 was considered
statistically significant.

RESULTS

PARTICIPANTS

Due to the reasons shown in figure 1 the final sample consisted
of 180 participants. The characteristics of the 134 participants in
the development subset, and the 46 participants in the validation
subset are shown in table I. After the intervention, there were there
no significant differences between groups (data not shown). At
baseline, both the development and validation subsets had similar

characteristics for all the measured variables (p > 0.05). After
the intervention period, both the development and validation sub-
sets had significant and similar reductions in BW (-8.49 + 4.40
and -8.53 + 4.48 kg, respectively, F, .= 0.003; p = 0.958),
fat mass by DXA (FMD) (-6.83 + 3.74 and -6.69 + 3.03 kg,
respectively, FW5= 0.048; p = 0.826), fat-free mass by DXA
(FFMD) (-0.36 + 1.50 and -0.50 + 1.18 kg, respectively,
F.175=0.294; p = 0.589), fat mass by BIA (FMB) (-7.60 + 3.80
and -7.71 + 3.65 kg, respectively, F, ...= 0.029; p = 0.865), and
fat-free mass by BIA (FFMB) (-1.03 + 1.69 and -0.84 + 1.85 kg,
respectively, F, .= 0.391; p = 0.532) (Table |).

MODEL DEVELOPMENT AND VALIDATION

In this study two prognostic models were developed and val-
idated: the first one employing DXA data, and the second one
using BIA data. In both cases, the dependent variable was the
measured final body weight (in kilograms). The multivariable linear
regression analysis revealed that the independent variables for
the prognostic models were initial fat mass and fat-free mass
in both models (DXA and BIA), thus discarding the rest of the
variables introduced (sex, initial body weight, height, and type of
treatment). In addition, coefficients of determination (R?) over 0.9
were achieved for both models. The standardized coefficients from
the multiple regressions and their 95 % confidence intervals are
shown in table Il. In this table, it may be observed that fat-free

Table I. Participant characteristics (n = 180). Values expressed as mean + SD

Development subset (n = 134) Validation subset (n = 46)
Initial Final Initial Final
Age (years) 3855 | + | 778 | 3855 | + | 7.78 | 37.09 | = 8.51 3709 | = | 851
Body weight (kg) 8852 | + | 136 | 8003 | + | 1280 | 86.75 | = | 1278 | 7822 | + | 11.13
Height (m) 170 | = | 0.09 1.70 + | 0.09 167 | = 0.10 1.67 + | 010
Fat mass, DXA (kg) 3437 | £ 6.90 2755 | + 7.05 | 3427 | = 7.25 27157 | + 7.69
Fat-free mass, DXA (kg) 5015 | = 966 | 49.79 | + 9.67 | 4842 | = 9.32 4793 | + 9.28
Fat mass, BIA (kg) 3135 | = | 783 | 2375 | = | 719 | 31.03 | = 763 | 2332 | £ | 7.33
Fat-free mass, BIA (kg) 5750 | = | 10.86 | 56.46" | + | 10.88 | 55.46 | = 976 | 5462 | = | 991
*n < 0.05: significantly different from baseline.
Table Il. Standardized coefficients from the muiltiple regression models
Variable Model 1 (DXA) p-value Model 2 (BIA) p-value

Sex -0.079 (-4.700-0.693) 0.144 -0.028 (-4.456-3.035) 0.708
Initial body weight 0.092 (-0.251-0.425) 0.611 0.134 (-0.308-0.561) 0.565
Height 0.013 (-13.436-16.964) 0.819 0.057 (-7.880-23.637) 0.324
Type of treatment -0.046 (-1.123-0.070) 0.138 0.003 (-0.620-0.692) 0.914
Fat mass 0.486 (0.793-0.986)" < 0.001 0.532 (0.787-0.965)* < 0.001
Fat-free mass 0.741 (0.919-1.060)" < 0.001 0.776 (0.855-0.984)* < 0.001

*p < 0.001: significantly included in the models.
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Table lll. Mean differences and standard errors between predicted and measured body
weights using the paired t-test data

Mean Standard | 95 % confidence Correlation Paired Student’s
differences (kg) | error (kg) interval t-test
Development subset (n = 134)
Model 1 (DXA) -0.014 0.332 -0.671 10 0.642 0.954 (p<0.001) | t,,,=-0.043; p=0.965
Model 2 (BIA) -0.016 0.347 -0.704 10 0.672 0.951 (p < 0.001) | t,,=-0.046; p =0.963
Validation subset (n = 46)
Model 1 (DXA) 0.067 0.547 -1.036t0 1.170 0.947 (p<0.001) | T,=0.122;p=0.903
Model 2 (BIA) -0.105 0.511 -1.134 10 0.924 0.954 (p < 0.001) | t,.=-0.206; p=0.838
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Figure 2.

Bland-Altman plot comparing the real body weight and the predicted body weight. Prognostic model with DXA data (left panel), and prognostic model with BIA data (right panel).

mass has more predictive power than fat mass in both models
(0.741 vs. 0.486 for the DXA model; and 0.776 vs. 0.532 for the
BIA model). Finally, the developed models were as follows:
— Model 1 (DXA, R?=0.909; SEM = 3.87):
Final BW (kg) = -0.379 + (0.89 x FMD) + (0.99 x FFMD)
— Model 2 (BIA, R?=0.903; SEM = 4.01):
Final BW (kg) = -0.344 + (0.876 x FMB) + (0.92 x FFMB)
Then, these models were validated by applying them to the
remaining thirty per cent of the sample. Table Il shows the mean
differences between the values predicted by the models and the
actual, measured weights with their standard errors and 95 %
confidence intervals both in development and validation subsets.
Furthermore, it may be observed that the prognostic models
were developed and validated with a high correlation (over 0.95),
with the paired t-tests not showing any significant differences
between the predicted and measured body weights. Additionally,
in the validation subset, the mean difference, standard error, and

95 % confidence interval of the DXA model were 0.067 + 0.547
[-1.036-1.170], and those of the BIA model were -0.105 + 0.511
[-1.134-0.924]. On the one hand, model 1 (DXA data) overesti-
mated the change occurred in BW, which resulted in the mean
predicted BW being lower than the measured one. On the other
hand, model 2 (BIA) underestimated change in BW. The Bland-Al-
tman agreement analysis for actual body weight as predicted by
the two prognostic models is shown in figure 2. Finally, the stan-
dard error of the mean for the DXA model was 3.07 + 2.21 kg,
and for the BIA model was 3.19 + 2.12 kg.

DISCUSSION

In this study we used data from a behavioral intervention program
to develop prognostic models aimed at estimating final body weight
after a six-month intervention, using as methodology baseline body
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composition variables. Four different types of treatment were com-
pared in this study, and this variable did not influence the analysis.
Moreover, although several variables were added in the process
of developing the prognostic models, only the body composition
variables fat mass and fat-free mass were shown to have predictive
power (Table Il). The R? obtained in our study using the prognostic
models in the validation subset were over 0.9, showing very small
differences between actual and predicted BW means. The DXA
model had an error of 0.82 % regarding total loss of BW, and the
BIA model one of 1.29 % (Table Ill). These models could help health
professionals estimate the loss of body mass (or weight) obtained at
the end of this program, and propose more realistic strategies for
their intervention, since weight loss is the primary concern of people
who follow this program. With the baseline data of the participants
and an intervention proposal similar to this one, similar results to
those obtained in this study could be achieved, since the variables
that most affect this result are the baseline body composition values
and the energy balance during the intervention.

In this study we have reported values obtained using the DXA
and BIA methods for assessing body composition. The most
accurate method for assessing body composition is DXA (26-
28). However, it is not as commonly accessible as the bioelectrical
impedance method (which also has a lower cost). For this reason,
both methods have been employed for the analyses. Since DXA
is the most accurate method for assessing body composition, the
prediction obtained based on DXA data should have been more
accurate than that obtained with BIA. However, this was not the
case since we could predict BW loss similarly with both methods.

We used multiple regressions to compare body composition
variables in order to predict the final BW. According to the prog-
nostic models developed, baselinel FM and FFM are the more
predictive variables to estimate final BW in a weight loss program,
whereas the variables sex, initial body weight, height, and type of
treatment were excluded from the models (Table Il). As Miller et
al. reported, weight loss was associated with changes in the two
major body components (FM and FFM) (5). Therefore, knowledge
of the baseline FM and FFM measures would let us predict the
final BW of any participant. This result was likely due to the fact
that FM and FFM are the primary determinants of energy expen-
diture (29), and therefore the same intervention including diet and
physical activity will result in a greater energy deficit in those with
a higher FM and FFM, resulting in greater predicted weight loss.

In this study, it is noteworthy that final weight can be predicted
based on only two variables of baseline body composition such
as fat mass and fat-free mass. These models can predict final
weight with a low standard error (0.55 kg), and a high correlation
with actual weight (> 0.94).

The aim of weight loss is loss of FM, but inevitably a proportion of
weight loss involves FFM (30,31). Loss of FFIM may be undesirable
if excessive, as non-adipose tissues are responsible for the majority
of resting metabolic rate (RMR), regulation of core temperature,
preservation of skeletal integrity, and maintenance of function
and quality of life as the body ages (32,33). The fact of having a
great amount of it could contribute to achieve a higher BW loss
due to an increase in energy expenditure, with an increased RMR
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and a greater energy cost of physical activity (34-36). We suggest
that any weight loss program should include exercise, especially
strength training — because it maintains the FFM, contributing to
the body’s overall energy expenditure rate (29) —, has greater car-
diometabolic health benefits (37), and prevents body weight regain
(38,39). Redman showed that total daily energy expenditure was
lower during weight loss with 25 % caloric restriction, and tended
to be lower at weight loss maintenance (13). Brochu and Hunter
showed this decreased RMR in a 6-month intervention (18,40).
However, the strength trainers’ group in Hunter’s study did not have
their RMR reduced, which led to maintenance of RMR following
a return to energy balance, as this group trained at 65-80 % of
the 1RM, an intensity higher than ours. This means that exercise
intensity should be high in any weight loss program based on
calorie restriction to maintain both the FFM and RMR.

Summarizing, the ability to estimate the loss of body weight at
the end of a weight loss program represents an intellectual gap for
health professionals. However, the prognostic models developed in
this work make it possible to calculate the final BW of any partici-
pant engaged in an intervention using the PRONAF project meth-
odology by only knowing their baseline body composition variables.

The use of these prognostic models could have advantages
in the field of medicine and health because it would allow the
prediction of the final body weight that a person could achieve at
the end of his or her weight loss intervention, with non-invasive
methods, in a rapid manner, and right there in the doctor’s office.
In addition, knowing the weight a patient could reach at the end
of an intervention like that involved in the present study, a more
restrictive intervention could be considered if the desired weight
loss were greater. All of this could also contribute to evaluate the
process at any time point throughout the intervention, allowing
the health provider to redirect the intervention should body weight
deviate from the established target. Further studies are needed to
evaluate whether these models can be applied to other types of
interventions. Moreover, it would be interesting to develop models
to predict changes in the different components of body composi-
tion, beyond body weight.
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Abstract

Background: malnutrition is common in hospitalized patients and early diagnosis can contribute to better clinical and nutritional outcomes.
Adductor pollicis muscle thickness (APMT) and handgrip strength (HGS) have been used to identify reductions in strength and muscle mass,
associated or not with conventional methods.

Objective: we aimed to correlate APMT and HGS with conventional anthropometric variables in hospitalized patients, and assess their relationship
with nutritional status as evaluated by the Patient-Generated Subjective Global Assessment (PG-SGA) method.

Methods: a cross-sectional study was conducted in patients of both sexes admitted to a University Hospital in Brazil. APMT, HGS, and conventional
measures were used for anthropometric assessment. PG-SGA was used for the assessment of nutritional status.

Results: the sample included 73 patients (66.9 + 9.6 years). Most patients were admitted for surgery procedures (53.4 %) and had an adequate

body mass index (BMI) (47.9 %), while according to PG-SGA most patients (67.1 %) had some degree of malnutrition (B and C). Right-hand (R)

APMT was significantly correlated with corrected arm muscle area (CAMA), calf circumference (CC), and HGS. Left-hand (L) APMT was signifi-

cantly correlated with cAMA, arm circumference (AC), CC, PG-SGA score, and HGS. Both HGS values (R/L) were significantly correlated with CC,
Keywords: PG-SGA score, and APMT.

Handgrip strength. Conclusions: APMT and HGS were significantly correlated with the conventional anthropometric measure CC. In addition, the significant cor-
Nutritional status. relation observed between HGS, APMT, and PG-SGA highlights them as complementary assessments of nutritional status in clinical practice and
PG-SGA. for research purposes.

Resumen

Introduccion: la desnutricion es comdn en los pacientes hospitalizados y el diagnéstico temprano puede contribuir a obtener mejores resultados
clinicos y nutricionales. El espesor del musculo aductor del pulgar (EMAP) y la fuerza de prension manual (FPM) se han utilizado para identificar
la reduccion de la fuerza y la masa muscular, asociados 0 no a métodos convencionales.

Objetivo: nuestro objetivo fue correlacionar el EMAP y la FPM con las variables antropométricas convencionales en pacientes hospitalizados, y
evaluar su relacion con el estado nutricional evaluado por la valoracion global subjetiva generada por el paciente (PG-SGA).

Métodos: se realizo un estudio transversal con pacientes de ambos sexos, ingresados en un hospital universitario de Brasil. Se utilizaron el
EMAP, la FPM y medidas convencionales para la valoracion antropométrica. Se utilizo el método PG-SGA para la valoracion del estado nutricional.

Resultados: la muestra incluyé a 73 pacientes (66,9 + 9,6 afios). La mayoria de los pacientes ingresaron para someterse a procedimientos
quirtrgicos (53,4 %) y tenian un indice de masa corporal (IMC) adecuado (47,9 %), mientras que segun la PG-SGA, la mayoria de los pacientes
(67,1 %) presentaban algun grado de desnutricion (B y C). EI EMAP de la mano derecha se correlacion6 significativamente con el &rea corregida
del musculo del brazo (AMBc), la circunferencia de la pantorrilla (CP) y la FPM. EI EMAP de la mano izquierda se correlaciond significativamente
con las medidas AMB, circunferencia del brazo, CP, puntuacion PG-SGA y FPM. Ambas FPM, derecha e izquierda, se correlacionaron significa-

Palabras clave: tivamente con las medidas CP, puntuacion PG-SGA y EMAP.

Fuerza de prension Conclusiones: el EMAP y la FPM se correlacionaron significativamente con la medida antropométrica convencional CP. Ademés, la correlacion
manual. Estado significativa observada entre FPM, EMAP y PG-SGA destaca estos métodos como evaluaciones complementarias del estado nutricional en la
nutricional. PG-SGA. préctica clinica y con fines de investigacion.
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INTRODUCTION

Malnutrition can affect up to 50 % of hospitalized patients
and is one of the main public health problems in developing
countries. However, when malnutrition is not neglected by
healthcare professionals, unfavorable clinical outcomes can be
prevented 1).

Longer hospital stays, increased costs, impairment of the
immune system, increased risk of pressure injuries, post-sur-
gical complications, increased number of infections, delayed
recovery, and increased risk of mortality are well-described
consequences of malnutrition in the literature (1,2).

Thus, nutritional screening must be performed using validated
tools, followed or not by detailed nutritional assessment, within
48 hours of patient admission in order to enable the multidisci-
plinary team to maintain a more assertive clinical approach and
adequate clinical management (1).

The Patient-Generated Subjective Global Assessment
(PG-SGA) instrument, available in Portuguese and culturally
adapted to Brazil, is one of the most widely used subjective
tools for patient screening and nutritional evaluation (3,4).

In addition to PG-SGA, objective methods such as conven-
tional anthropometry are indicated for screening malnutrition.
Among the most commonly used and available methods, espe-
cially in public hospitals, body mass index (BMI), calf circum-
ference (CC), arm circumference (AC), tricipital skinfold (TSF),
arm muscle circumference (AMC), and adductor pollicis muscle
thickness (APMT) stand out (1).

Recently, APMT has emerged as an alternative nutritional
status assessment as it is a direct measure, independent of
adipose mass, and unaffected by hydration status. Moreover,
APMT is a non-invasive, low-cost, easily applicable bedside
method (5,6).

In the same way, handgrip strength (HGS) has also emerged
as a highly used parameter by various healthcare profession-
als. Recently, HGS has been shown to be useful for assess-
ing nutritional and functional status, especially in hospitalized
patients (7).

Thus, considering the increasing need for improved nutrition-
al care within hospitals, and the need to enhance the clinical
prognosis of patients hospitalized for clinical and/or surgical
procedures, this study aimed to assess whether APMT and HGS
were correlated with conventional anthropometric variables in
hospitalized patients, and to assess their relationship with nutri-
tional status as determined by PG-SGA.

METHODS

STUDY DESIGN

A cross-sectional study with a non-probabilistic convenience
sample design was conducted from June 2019 to September
2019 at the Department of Internal Medicine and Surgery at a
University Hospital in Brazil.

T.Y. Costa et al.

ELIGIBILITY CRITERIA

Patients of both sexes admitted to the clinical or surgery ward
within 48 hours of admission, aged 50 years or older, who were
able to answer all PG-SGA items were invited to participate in this
study. All patients signed an informed consent form after being
consulted and informed about the research objective.

The following exclusion criteria were adopted: patients under
respiratory precaution, with edema in the hands, with cognitive
deficits, neurodegenerative diseases, rheumatic conditions or seri-
ous psychiatric disorders and indigenous population.

SOCIODEMOGRAPHIC AND CLINICAL
CHARACTERISTICS

Sociodemographic variables were age, marital status, work
status, and economic class according to the Brazilian Econom-
ic Classification criteria of the Brazilian Association of Research
Companies (ABEP) (8).

The following clinical variables were assessed in the medical
records of patients: clinical diagnosis, reason for hospitalization
(clinical/surgical), and previous chronic diseases — diabetes mel-
litus, high blood pressure, and rheumatic diseases (none, 1 to 3,
3 or more).

NUTRITIONAL STATUS
Conventional anthropometry

The following measures were considered: current weight (kg),
height (m), body mass index (BMI, kg/m?), arm circumference (AC,
cm), calf circumference (CC) (cm), and tricipital skinfold (TS, mm).
Arm muscle circumference (AMC, cm) and corrected mid-upper
arm muscle area (CAMA) were calculated. For measurement and
classification we adopted the World Health Organization (WHO) cri-
teria for BMI (9-11).

In order to minimize variability and increase reliability, all eval-
uators were trained, and the research equipment was calibrated
as needed.

Adductor pollicis muscle thickness (APMT)

APMT was measured in each individual in a sitting position, with
the arm flexed at approximately 90° and with the forearm and the
hand resting on the knee, keeping the hand relaxed, as requested.
We used a skinfold caliper, which exerted a continuous pressure
of 10 g/mm2 to pinch the adductor pollicis muscle at the apex of
an imaginary triangle formed by the extension of the thumb and
the index finger (5). The procedure was performed in both hands,
in triplicate, using the mean value obtained as the final value.
Cut-off points of 24.2 mm and 19.4 mm were adopted for men
and women, respectively (12).

[Nutr Hosp 2021;38(3):519-524]
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Handgrip strength (HGS)

A manual hydraulic dynamometer, which expressed values in
kilograms, was used to assess HGS. Each individual was asked
to sit with their feet flat on the ground, with their arm close to
their chest and the elbow flexed at 90°, without being support-
ed. Each measure was taken in triplicate, in both hands, con-
sidering the highest value as the result (13). The cut-off points
used were those proposed by the European Working Group on
Sarcopenia in Older People EWGSOP2 by sex (men: < 27 kg/f;
women: < 16 kg/f) (14).

Patient-Generated Subjective Global
Assessment (PG-SGA)

This study used the PG-SGA version validated for Brazilian
Portuguese (3,4).

PG-SGA classifies individuals into: A (well nourished), B (suspi-
cion of or moderate malnutrition), and C (severely malnourished).
In addition, this method generates a score that helps the multi-
disciplinary team to define nutritional interventions, making spe-
cific decisions regarding patient and family guidance, symptom
management, and adequate nutritional intervention: 0 to 1: no
need for intervention; 2 to 3: requires nutritional education with
the patient and family; 4 to 8: requires nutritional intervention;
and total score > 9: requires critical nutritional intervention and
control of symptoms (3,4).

DATA ANALYSIS

Data were analyzed using the IBM SPSS Statistics® software
(v.22, SPSS An IBM Company, Chicago, IL). A descriptive statistical
analysis was performed using mean and standard deviation for
continuous variables, and percentage for categorical variables.
Pearson’s correlation coefficient was used for the correlations of
interest, setting the significance level at 5 %.

ETHICAL ASPECTS

This research complied with the rules and guidelines of Good
Clinical Practice in accordance with Resolution 466/2012. The
study was also approved by the Research Ethics Committee under
CAAE 06426818.0.0000.5160.

RESULTS

The sample consisted of 73 patients with a mean age of
66.9 + 9.6 years. Most patients were men (53.4 %), elderly
(> 60 years) (79.1 %), married (64.4 %), belonged to economic
class C (71.2 %), and were not working (69.9 %) (Table ).
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Table I. Study sample characterization

Variables Total n (%)
73 (100.0)

Sex

Male 39 (53.4)

Female 34 (46.6)
Marital status

Married 47 (64.4)

Single 7(9.6)

Widow(er) 14 (19.2)

Separated/divorced 5(6.8)
Economic class*

A -

B 9(12.3)

C 52 (711.2)

DandE 12 (16.4)
Age group

Adult (< 60 years) 16 (21.9

Elderly (> 60 years) 57 (79.7)
Working status

No 51 (69.9)

Yes 20 (27.4)
Chronic diseases

None 13(17.8)

1103 58 (79.5)

4 or more 2.7
Hospitalization

Clinical condition 34 (46.6)

Surgery 39 (63.4)
Body mass index (BMI)

Underweight 8(11.0

Normal weight 35 (47.9)

Overweight 30(41.1)
PG-SGA score

0-1 6(8.2)

2-3 8(11.0)

4-8 27 (37.0)

>9 32 (43.8)
PG-SGA category

Well nourished (A) 24 (32.9)

Suspicion of or moderate malnutrition (B) 35(47.9)

Severely malnourished (C) 14 (19.2)

PG-SGA: Patient-Generated Subjective Global Assessment; *Average
household income: A = R$ 25,554.33; B = R$ 5,641.64 to 11,279.14;
C=R$1,748.59 to 3,085.48; D and E= R$ 719.81, 12 missing values.
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Most patients were admitted to undergo surgical procedures
(53.4 %), and 79.5 % had one to three chronic diseases when
assessed.

Patients with an adequate BMI prevailed (47.9 %), whereas
according to PG-SGA most patients (67.1 %) had some degree
of malnutrition (B and C). Regarding the PG-SGA score, patients
were predominantly classified with a score lower than 9 (56.2 %).

Patients mostly had a reduced APMT in both hands, while most
patients had adequate HGS (Table Il).

Table lll outlines the mean and standard deviation of the contin-
uous variables that were used to investigate the nutritional status
of patients, such as conventional anthropometry, APMT, and HGS.

T.Y. Costa et al.

APMT (R) was significantly correlated with the measures cAMA,
CC, APMT (L), FFP (R), and HGS (L). APMT (L) was significantly
correlated with the measures cAMA, AC, AMC, CC, PG-SGA score,
and right and left HGS. Both HGS (R) and HGS (L) were significantly
correlated with the measures CC, PG-SGA score, and APMT in
both hands (Table IV).

Table Ill. Mean and standard deviation
of the continuous variables investigated
for nutritional status by sex

Table Il. Distribution of individuals

according to adductor pollicis muscle

thickness and handgrip strength

classification

Variables Right hand Left hand
APMT n (%) n (%)
Adequate 6(8.2) 8(11.0)
Reduced 67 (91.8) 65 (89.0)
HGS
Adequate 38 (59.4) 36 (55.4)
Reduced 26 (40.6) 29 (44.6)

APMT: adductor pollicis muscle thickness; HGS: handgrip strength

. Mean = Standard deviation
Variables
Total Women Men

BMI (kg/m?) 26.9+6.0 28.7 £6.3 254 +5.3
CAMA (cm?) 40.1+132 | 403+135 | 39.9+132
AC (cm) 302 +441 31.3+43 29.3+38
TSF (mm) 185+7.1 21.7+6.4 157 +6.5
AMC (cm) 244 +3.4 245+34 244 +35
CC (cm) 34.7 + 441 347 +48 348+34
PG-SGA score 9.3+6.9 8.7+6.3 98+75

APMT R (mm) 16.0+4.9 154 +£5.1 16.6 £4.7
APMT L (mm) 158 +6.0 155+54 162+ 6.5
HGS R (kg) 25.0+10.5 24.4+99 254 +11.0
HGS L (kg) 242 +1141 22.7+96 254 +12.2

APMT: adductor pollicis muscle thickness; R: right; L: left; HGS: handgrip

(right hand: 9 missing values; left hand: 8 missing values).

strength, BMI: body mass index; cAMA: corrected arm muscle area; AC: arm
circumference; TSF: tricipital skinfold; CC: calf circumference.

Table IV. Adductor pollicis muscle thickness and handgrip strength correlation
with anthropometric variables, dynamometry, and the Patient-Generated Subjective
Global Assessment Score

APMT R (mm) APMT L (mm) HGS R (kg) HGS L (kg)

Variables

r(p) r(p) r(p) r(p)

Age (years) -0.025 (0.837) 0.064 (0.591) -0.060 (0.636) -0.116 (0.359)
BMI (kg/m?) -0.155 (0.196) -0.182 (0.122) -0.020 (0.873) -0.068 (0.591)
CAMA (cm?) -0.319* (0.007) -0.367* (0.001) -0.118 (0.355) -0.121 (0.336)
AC (cm) -0.222 (0.063) -0.233" (0.047) -0.007 (0.955) -0.074 (0.559)
TSF (mm) -0.062 (0.608) 0.019 (0.872) -0.014 (0.916) -0.122 (0.333)
AMC (cm) -0.228 (0.056) -0.293* (0.012) 0.000 (1.000) 0.012 (0.924)
CC (cm) 0.375* (0.001) 0.275* (0.019) 0.276* (0.027) 0.251* (0.044)
PG-SGA score -0.218 (0.068) -0.255* (0.029) -0.440" (< 0.001) -0.408* (0.001)
APMT R (mm)
APMT L (mm) 0.844* (< 0.001)
HGS R (kg) 0.503" (< 0.001) 0.493* (< 0.001)
HGS L (kg) 0.457* (< 0.001) 0.406* (< 0.001) 0.893* (< 0.001)

r: Pearson’s correlation coefficient; p: p-value, “significant; APMT: adductor pollicis muscle thickness; R: right; L: left; HGS: handgrip strength; BMI: body mass index;
CAMA: corrected arm muscle area; AC: arm circumference, TSF: tricipital skinfold; CC: calf circumference.
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DISCUSSION

Correlations of adductor pollicis muscle thickness and handgrip
strength with CC and with the PG-SGA score were observed.

CC is the most commonly used measure to ascertain mus-
cle depletion in the elderly, and has already been shown to pre-
dict performance and survival in this population when using the
31.0 cm cut-off point (15). Furthermore, CC can be used for
muscle mass diagnosis in institutions lacking other muscle mass
assessment methods (14).

An observational cross-sectional study conducted in 2015 with
patients in anintensive care unit (ICU) found that APMT (R) was
significantly correlated with BMI and CC. They reported that the
lower values of APMT may have resulted from the sample com-
position, which included mostly elderly people (16). Conversely, a
more recent epidemiological study conducted exclusively in elderly
patients with chronic kidney disease (CKD) reported a significant
correlation between APMT and conventional anthropometric mea-
sures such as CC, AC, TSF, and BMI (17). Including unconventional
anthropometric measures in nutritional assessments is important
considering their efficacy in detecting complications and risks of
muscle depletion (14).

The PG-SGA tool is known to be a specific and sensitive instru-
ment and is considered the gold standard for nutritional assess-
ment in hospitalized patients. Thus, the significant correlation
observed between PG-SGA and HGS and APMT highlight the latter
two as complementary assessments of nutritional status in the
hospital setting and for studies (3,18-20). Besides that, muscle
strength can also be used to determine sarcopenia in adults and
in the elderly (21). Our findings are supported by other studies.
In a recent study with cancer patients APMT was significantly
correlated with the PG-SGA score and with HGS in both hands
(22). In the same way, another study conducted with 150 patients
also showed significant associations between APMT, PG-SGA, and
other conventional anthropometric measures (6). It should be not-
ed that the cut-off points used by the authors in both studies were
those proposed by Bragagnolo (23). Despite the fact that more
stringent cut-off points were used in our study, our results were
very similar. Schwanke et al., in a study to evaluate the association
between APMT and nutritional parameters in hospitalized elderly
patients in Brazil, reported that APMT was associated with all the
investigated nutritional parameters, including MNA, BMI, AC, CC,
and HGS (24).

Most participants in this study showed reduced APMT val-
ues and adequate HGS values. The sample of our study mainly
consisted of elderly people, most of whom were not working,
which may account for their loss of muscle mass. Physiological-
ly, increased skeletal muscle mass losses are also inherent to
age itself (25). It is important to highlight that although previous
studies have reported that APMT could be used as a proxy of
low lean mass in a clinical scenario, for epidemiological studies
this measure cannot be used as single predictor of lean mass in
health subjects (12).

Although HGS is also affected by the decrease in muscle mass,
peripheral muscle strength is more related to the worsening of
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overall and cognitive function of the patient. Furthermore, in the
elderly, this measure decreases with impairment of their daily
living activities, functional dependence, risk of falls, and changes
in gait (26,27). The prevalence of patients undergoing elective
surgery in our sample, who possibly continued to perform their
activities prior to hospitalization, may also explain the adequate
HGS.

This study also underscores the use of objective and subjective
parameters in clinical practice. Despite the fact that most patients
were classified as ‘adequate’ or ‘overweight’ by their BMI, most
were considered malnourished when assessed by APMT and
PG-SGA. This finding shows that BMI should not be prioritized
as an indicator of nutritional status in hospitalized individuals,
especially when used alone. Factors which affect the functional
decline of an individual, especially age-related changes such as
those observed in the elderly population, and changes in muscle
systems and strength, should be carefully monitored to establish
preventive, recovery-related, and other interventions that may
delay or prevent the functional decline of patients to improve their
prognosis (28). A recent systematic review raised the question
about the reliability of APMT measurement and that future stud-
ies should established cut-off values that are hand-, age-, sex-,
and ethnic-specific before APMT can be used as a component of
nutritional screening (29).

Our study is limited by its sample size and sample profile (main-
ly elective surgery). In addition, the cross-sectional design limits
the evaluation of collected variables, especially of causal relation-
ships. Despite including the number of chronic diseases, we did
not use a validated comorbidity scale with prognostic value. We
recommend that future research should use a expanded sample
of hospitalized patients in order to provide more robust results.
Furthermore, future research should investigate specific cut-off
points for hospitalized patients with multiple morbidities.

CONCLUSION

APMT and HGS correlated with CC and PG-SGA in hospital-
ized patients. These measures should be implemented in clinical
practice for the nutritional assessment of hospitalized patients to
establish a reliable nutritional diagnosis and adequate nutritional
therapy. They may boost the performance of the entire multidis-
ciplinary team to outline strategies and interventions, including
prevention and patient rehabilitation.
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Resumen

Introduccion y objetives: la desnutricion relacionada con la enfermedad produce un impacto negativo en la evolucion del paciente quirlrgico.
Nuestro objetivo es valorar la prevalencia del riesgo nutricional en el dmbito de la cirugia vascular y sus consecuencias en la evolucion del
paciente y el gasto sanitario.

Pacientes y métodos: estudio observacional prospectivo realizado durante 6 meses en la planta de cirugia vascular del Hospital Universitario
de Leon. Se utilizd la herramienta Malnutrition Universal Screening Tool (MUST) para recoger datos al ingreso y cada 7 dias hasta el alta hospi-
talaria. Se estudiaron las variables clinicas, la intervencion quirdrgica realizada, las complicaciones médico-quirlrgicas, la estancia hospitalaria,
los costes sanitarios y 10s reingresos precoces.

Resultados: el estudio conté con 104 pacientes, de los que el 84,6 % eran varones, cuya media de edad era de 69 afos (DE: 13). El 46,2 % habian
ingresado por enfermedad arterial periférica. El 10,6 % presentaban un MUST positivo al ingreso y el 19,2 % lo presentaban al alta; el 100 % de los
pacientes desnutridos al ingreso permanecian en la misma situacion al alta. Durante la hospitalizacion, en 29 pacientes (27,9 %) empeord la situacion
nutricional. El 81,25 % de los pacientes que sufrieron empeoramiento del MUST habfan ingresado de forma urgente (p < 0,05). Los pacientes que
habian precisado una cirugia urgente empeoraron significativamente en términos de su estado nutricional (p < 0,001). Los pacientes con empeo-
ramiento del estado nutricional obtuvieron mayores porcentajes de: reintervencion quirdrgica (p < 0,05), gasto farmacéutico (p = 0,017), gasto
hospitalario total (1000 €/paciente/ingreso), traslados a centros de cuidados crénicos (p = 0,0002) y nimero de reingresos precoces (p = 0,017).

Conclusiones: los pacientes en riesgo nutricional se asociaron a un incremento de las complicaciones médico-quirtrgicas, de la estancia
hospitalaria, del coste sanitario y de la tasa de reingresos, por lo que consideramos necesaria la implantacion de cribados y el desarrollo de
estudios en el ambito de la cirugia vascular.

Abstract

Introduction: disease-related malnutrition has a negative impact on the outcome in surgical patients. Our objective was to assess the prevalence
of nutritional risk in the field of vascular surgery, as well as its consequences on patient outcome and health expenditure.

Patients and methods: this is a prospective, observational study conducted during 6 months in a vascular surgery ward at the University Hospital
of Ledn, Spain. The Malnutrition Universal Screening Tool was used to obtain data on admission and then every 7 days until hospital discharge. Clin-
ical variables, surgical intervention performed, medical-surgical complications, hospital stay, healthcare costs, and early readmissions were studied.

Results: a total of 104 patients, 84.6 % males, with a mean age of 69 (SD: 13) years were enrolled. Of these, 46.2 % were admitted due to
peripheral arterial disease; 10.6 % had a positive MUST at the time of admission and 19.2 % at discharge; 100 % of malnourished patients
at admission remained in the same situation at discharge. During hospitalization, in 29 patients (27.9 %) the nutritional situation worsened. In
all, 81.25 % of patients who experienced worsening of their MUST score had been admitted urgently (p < 0.05). Patients who required urgent
surgery significantly worsened in terms of their nutritional status (p < 0.001). Patients with worsening nutritional status obtained higher rates for:
surgical reintervention (p < 0.05), pharmaceutical expense (p = 0.017), total hospital expense (€1,000/patient/admission), transfers to chronic
care centers (p = 0.0002), and number of early readmissions (p = 0.017).

Conclusion: patients with nutritional risk suffered an increase in medical-surgical complications, hospital stay, healthcare costs, and re-admission
rates. Therefore, we consider that an implementation of screening procedures and the development of further studies in the vascular surgery
setting are necessary.
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INTRODUCCION

G. M. Novo Martinez et al.

MATERIAL Y METODOS

La desnutricion en el ambito hospitalario fue definida por Cald-
well en el afio 1981 como un estado patoldgico, derivado del
exceso o el defecto de uno 0 mas nutrientes esenciales, que se
detecta clinicamente mediante pruebas bioguimicas y antropomé-
tricas (1). Su incidencia se ha documentado ampliamente en las
tltimas tres décadas, oscilando entre el 19 % y el 80 % segun el
area geografica y el método de deteccion utilizado (1-4).

Los datos del principal estudio multicéntrico sobre la desnu-
tricion relacionada con la enfermedad (DRE) que se ha llevado a
cabo en nuestro pais, el llamado Prevalencia de Desnutricion y
Costes Asociados (PREDYCES), en el que participaron 31 hospita-
les con una muestra de mas de 1500 pacientes, demostraron que
1 de cada 4 pacientes hospitalizados (23,7 %) estaba en riesgo
de desnutricion (5). El estudio PREDyCES establecié en un 17 %
la prevalencia de la malnutricidn en los pacientes quirdrgicos en
el momento del ingreso (6).

En nuestra comunidad auténoma, un estudio llevado a cabo en
pacientes hospitalizados en la planta de cirugia vascular del Hospital
Clinico Universitario de Valladolid, detectd una prevalencia de la des-
nutricion al ingreso del 13 % (7). Asimismo, en otro estudio llevado
a cabo en el Complejo Asistencial Universitario de Leon (CAULE),
donde se incluyeron pacientes pertenecientes al servicio de cirugia
vascular, asociados a otros servicios quirtrgicos del hospital, se
obtuvo un riesgo nutricional (RN) del 34,7 % con la herramienta de
cribado Malnutrition Universal Screening Tool (MUST) (8).

La etiologia de la DRE es multifactorial. Si bien la propia enfer-
medad es un importante factor condicionante (9), los largos
periodos de ayuno perioperatorios favorecen su desarrollo (10). A
menudo pasa inadvertida en los distintos servicios quirlirgicos, por
lo que no se administra el tratamiento necesario para su correc-
cion (11). Un estado nutricional inadecuado afecta negativamente
a las posibilidades de recuperacion temprana del paciente quirdr-
gico, produciendo: aumento de las dehiscencias e infecciones de
las heridas quirtrgicas, aumento de la aparicion de Ulceras por
presion, ralentizacion de la cicatrizacion de las heridas, pérdi-
da de masa muscular, aumento de los edemas, alteracion de la
eritropoyesis, etc. Por lo tanto, el éxito de la cirugia no solo va a
depender de las habilidades quirtrgicas y técnicas, sino también
de la terapia intervencionista metabdlica y de la presencia de un
soporte nutricional adecuado (1,12,13).

Teniendo en cuenta la elevada prevalencia del riesgo nutricional
en el ambito hospitalario, asi como sus consecuencias clinicas
y econdmicas (14), cabe pensar en la necesidad de implantar
herramientas de cribado de uso sistematico en todos los servicios
quirtrgicos. En el caso de los pacientes hospitalizados en un
servicio de cirugia vascular, seguin sus caracteristicas socio-
sanitarias (edad avanzada, habitos tdxicos, comorbilidad cardio-
vascular, infecciones activas en lesiones cutaneas, etc.) cabria
esperar una presencia no desderiable del riesgo nutricional (RN).
Por ello, nuestro estudio plantea valorar la prevalencia del RN en
el servicio de cirugia vascular de un hospital terciario, asi como
las implicaciones que dicho RN puede suponer para la evolucion
clinica de los pacientes y, en consecuencia, del gasto sanitario.

Se trata de un estudio observacional prospectivo en el que
se incluyeron pacientes con edades comprendidas entre los 18
y los 90 afios, con ingreso hospitalario superior a 7 dias en el
Servicio de Cirugia Vascular del Complejo Asistencial Universitario
de Leon, desde el 15 de junio al 15 de diciembre de 2016. Se
excluyd a los pacientes con imposibilidad de colaboracion (enca-
mados, patologia terminal, demencia y trastornos psiquiatricos),
asi como a aquellos otros con alteraciones de la conducta alimen-
taria (bulimia, obesidad mérbida o anorexia nerviosa). El estudio
fue aprobado por el Comité Etico de Investigacién del CAULE el
28/06/2016.

Se recogieron los habitos txicos, los factores de riesgo cardio-
vascular (FRCV) y las patologias asociadas. Se tuvo en cuenta i
el paciente estaba polimedicado (toma de mas de cinco farma-
c0s) y si presentaba comorbilidad, valorada mediante el indice
de comorbilidad de Charlson (ICC) (15). Se registro el caracter
urgente del ingreso y el tipo de tratamiento (quirtirgico o con-
servador).

Empleamos la herramienta MUST (16) para el cribado nutri-
cional a través del sistema de informacion sanitario de cuidados
de enfermeria GACELA CARE (Gestion Avanzada de Cuidados de
Enfermeria Linea Abierta). Se tallo y peso a los pacientes durante
las primeras 24 horas del ingreso y se le preguntd por su peso
habitual en los Ultimos 3-6 meses, con el fin de detectar pérdidas
involuntarias. Posteriormente se repitid la toma del peso sema-
nalmente y al alta hospitalaria. Se recogio si el paciente no habia
podido recibir ninguna ingesta a consecuencia de su enfermedad
en un periodo igual o superior a 5 dias. Con todos estos datos, €l
paciente obtuvo una puntacion automatica basada en el MUST.
Los pacientes con puntuacion MUST > 2 se consideraron de alto
riesgo nutricional. Se repitio el cribado de forma semanal a todos
los pacientes, de tal manera que pudiésemos distinguir entre los
pacientes que ya presentaban RN al ingreso y aquellos otros que
lo desarrollaban durante su estancia hospitalaria, evaluando las
posibles diferencias evolutivas. Para la obtencidn del peso en
aquellos pacientes que durante su estancia fueron sometidos a
una amputacion mayor utilizamos el método PIAMP (Tabla I), en
el que el peso de un paciente amputado se calcula en relacion al
peso ideal (para la talla original), corregido por el porcentaje de
amputacion (Tabla 1), de acuerdo con la siguiente ecuacion (17);
PIAMP = [(100 - % de amputacion) / 100] x peso ideal.

Obtuvimos datos en relacion con las complicaciones médi-
co-quirdrgicas, la estancia hospitalaria, la mortalidad durante el
ingreso, los reingresos prematuros (a los 3 meses tras el alta) y
la derivacion a centros de cuidados cronicos. Analizamos el gasto
farmacéutico y, de forma aislada, el antibidtico de cada paciente,
datos facilitados por el Servicio de Farmacologia Clinica del CAU-
LE. Asi mismo, calculamos el gasto hospitalario total ajustado a la
estancia media, segun el gasto estimado por paciente/dia ingre-
sado en nuestro servicio en el afio previo, facilitado por el Servicio
de Contabilidad Analitica, resultando en 504 €/paciente-dia.

El estudio estadistico se realizd mediante el paquete IBM SPSS
Statistics 19. Los datos se expresaron mediante la media y la
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Tabla I. Método PIAMP: calculo del peso
en pacientes con miembros amputados

Tabla Il. Descripcion global de la muestra

Amputacion Calculo

Pierna por debajo de la rodilla Peso actual (kg) x 1,063

Pierna completa Peso actual (kg) x 1,18

Antebrazo Peso actual

(

(k)

(kg) x 1,022
Brazo completo Peso actual (kg) x 1,05

desviacion estandar, comparandose mediante el test de la “t” de
Student, con un valor de significacion de p < 0,05, tras comprobar
que siguieran una distribucion normal (peso, indice de masa cor-
poral [IMC], edad). Las variables que no seguian una distribucion
normal se expresaron como mediana y rango intercuartilico (RIC).
Puesto que los datos de estancia y costes hospitalarios de los
pacientes no seguian una distribucién normal, se utilizaron prue-
bas no paramétricas (U de Mann Whitney) para su comparacion.

RESULTADOS

Durante el periodo de estudio ingresaron 466 pacientes a cargo
del Servicio de Cirugia Vascular del CAULE, de los cuales 104 fue-
ron incluidos en nuestro estudio. De los 362 pacientes restantes,
323 correspondieron a ingresos inferiores a 7 dias y otros 39
casos no cumplieron los criterios de inclusion por los siguientes
motivos: 6 pacientes por fallecimiento precoz (antes de cumplir-
se los primeros 7 dias de ingreso), 5 por obesidad mdrbida, 6
pacientes por demencia, 12 pacientes por no ser colaboradores
y 10 pacientes por tener una edad superior a los 90 afios.

Los pacientes de nuestra muestra tenian una edad media de
69,41 afos (DE: 13,12), siendo el 84,6 % de ellos varones. A con-
tinuacion se reflejan las principales caracteristicas de la poblacion
del estudio (Tabla Il).

RIESGO NUTRICIONAL

La herramienta MUST detect¢ al ingreso 11 pacientes (10,6 %)
con riesgo nutricional, cifra que ascendio a 20 (19,2 %) en el
momento del alta. Estos 20 pacientes correspondian a los
11 casos iniciales que no mejoraron su estado inicial durante el
ingreso, mas 9 pacientes que accedieron al hospital sin riesgo
nutricional y lo desarrollaron durante su estancia (Fig. 1).

Durante la hospitalizacion, 29 pacientes (27,9 %) vieron
empeorada su situacion nutricional, presentando un aumento de
la puntuacion MUST de tal forma que, entre los pacientes con
MUST = 0 al ingreso, empeoran durante la hospitalizacion el
19,5 % (16/82), y entre los que tenian un MUST = 1, agravaron
su situacion un 54,5 % (6/11).

Unicamente 5 pacientes (4,8 %) del total con riesgo nutricional
fueron derivados a la Unidad de Nutricion Clinica y Dietética del
servicio de Endocrinologia y Nutricion (UNCyD-SEYN).
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Variable n %

Género

Hombre 87 84,6

Muijer 17 15,4
Edad

<70 47 48,8

>70 57 59,2
Habitos toxicos/Toma de farmacos

Tabaco 31 32,7

Alcohol 17 17,3

Polimedicacion 64 66,3
FRCV

Diabetes mellitus 43 45

Hipertension arterial 67 70

Dislipemia 47 49

Hiperuricemia 14 14,4
Patologias asociadas

Cardiopatia isquémica 22 25

Insuficiencia cardiaca 4 3,8

Enfermedad cerebrovascular 6 5,8

Insuficiencia renal cronica 29 27,9

Enfermedad pulmonar obstructiva 18 17,3
Indice de comorbilidad de Charlson

Bajo (< 3 puntos) 6 5,8

Alto (= 3 puntos) 94 90,4
Caracteristicas del ingreso

Urgente 61 58,6
Caracteristicas de la intervencion quirtrgica

Tratamiento quirdrgico 96 92,3

Cardcter urgente 8 7,7

Infeccion de herida quirdrgica 8 7,7

Reintervencion 9 33,8
Parametros evolutivos

Traslado a centro concertado 4 3,8

Fallecimiento 3 2,9

Reingreso hospitalario 24 20,2

CARACTERISTICAS DE LOS PACIENTES CON
ALTO RIESGO NUTRICIONAL AL INGRESO

No se encontraron diferencias significativas en cuanto a la dis-
tribucion por sexo, edad, polimedicacion, indice de comorbilidad de
Charlson, caracter urgente del ingreso, factores toxicos y patolo-
gias en los pacientes que presentaban RN al ingreso. Tanto el peso
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Figura 1.

Riesgo nutricional, segtin el MUST, al ingreso y durante la hospitalizacion. Los datos
durante la hospitalizacion se refieren a la reevaluacion de aquellos pacientes con
MUST negativo al ingreso al cabo de una semana.

como el IMC eran significativamente mas bajos en aquellos pacien-
tes con RN al ingreso. Asi mismo, los pacientes que presentaban
esta condicion se sometieron en mayor medida a cirugia abdomi-
nal abierta (p < 0,05) y presentaron una tasa de complicaciones
médicas (cardiopatia isquémica, insuficiencia renal, infecciones del
tracto urinario y respiratorio, etc.) significativamente mayor. En este
grupo, la estancia media se vio aumentada en 8,5 dias, aunque
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con una p > 0,05. Tanto el gasto antibiético como el gasto farma-
céutico y el hospitalario total se vieron incrementados en 15,18
€, 52,52 €y 2627 €, respectivamente, aunque este aumento no
fue estadisticamente significativo.

En cuanto a las complicaciones quirtrgicas, hubo un aumento
porcentual considerable de la infeccion de la herida quirdrgica
(de 5,4 % a 27,3 %) y de la reintervencion (de 6,5 % a 23,3 %),
aunque con una p > 0,05. En los pacientes con RN alto inicial,
la tasa de mortalidad durante el ingreso no fue superior, como
tampoco lo fueron los reingresos precoces y las derivaciones a
centros de estancia larga (Tabla Il).

CARACTERISTICAS DE LOS PACIENTES QUE
EMPEORARON SU SITUACION NUTRICIONAL
DURANTE EL INGRESO

Al'igual que en el grupo anterior, no se detectaron diferencias
significativas en términos de sexo, edad, polimedicacion, ICC,
factores toxicos y distribucion de patologias en relacion con el
empeoramiento de la puntuacién MUST durante el ingreso. Sin
embargo, encontramos que el caracter urgente del ingreso si se
relaciona con un mayor empeoramiento de la situacion nutricional
(p < 0,05). Aquellos pacientes que presentaban un peso mas bajo
y un menor IMC presentaron con mayor frecuencia empeoramien-
to del RN (p < 0,05). Asi mismo, los pacientes que presentaron
esta condicion fueron sometidos en mayor medida a cirugia de
caracter urgente (p = 0,001).

Tabla lll. Caracteristicas de los pacientes segun su riesgo nutricional al ingreso

Variable MUST < 2 MUST > 2 Valor de p
Sexo (% de varones) 79 (84,5 %) 9 (81,8 %) 0,786
Edad (afios) 69,33 70,09 0,857
Peso (kg) 73,12 59,82 0,002
IMC 26,07 22,20 0,004
ICC 4,87 491 0,857
Polimedicacion 62 (66,7 %) 7 (63,6 %) 0,841
Ingreso urgente 57 (61,3 %) 4 (36,4 %) 0,112
Cirugia abdominal 2 (22,6 %) 7 (63,6 %) 0,004
Complicaciones médicas 17 (18,4 %) 5 (45,5 %) 0,001
Infeccion de herida quirdrgica 5(5,4 %) 3(27,3 %) 0,010
Reintervencion quirrgica 6 (6,5 %) 3(27,3 %) 0,020
Estancia hospitalaria (dias) 18,31 26,82 0,018
Gasto antibidtico (euros) 60,21 75,39 0,313
Gasto farmacéutico (euros) 135,61 188,13 0,107
Gasto hospitalario (guros) 5.678,59 8.305,99 0,017
Fallecimientos 2 (2,2 %) 19,1 %) 0,193
Derivacion a centro de larga estancia 4 (4,3 %) 0 0,346
Reingresos precoces 19 (20,5 %) 2 (18,2 %) 0,861
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Tabla IV. Caracteristicas de los pacientes que empeoraron su estado nutricional
durante el ingreso
Variable MUST < 2 MUST > 2 Valor de p
Sexo (% de varones) 59 (89,4 %) 13 (81,25 %) 0,372
Edad (afios) 68,68 72,25 0,326
Peso al alta (kg) 73,79 67,19 0,042
IMC al alta 26,10 23,99 0,032
ICC 4,85 4,69 0,948
Polimedicacion 42 (63,6 %) 12 (75 %) 0,390
Ingreso urgente 36 (54,5 %) 13 (81,25 %) 0,049
Cirugia urgente 3 (4,55 %) 5 (31,25 %) 0,001
Tasa de amputacion 11 (16,6 %) 7 (43,75 %) 0,046
Complicaciones médicas 10 (15,2 %) 5 (31,25 %) 0,245
Infeccion de herida quirdrgica 2 (3%) 2 (12,5 %) 0,115
Reintervencion quirlrgica 34,5 %) 3 (18,7 %) 0,049
Estancia hospitalaria (dias) 17,95 20,88 0,093
Gasto antibiético (euros) 59,16 88,11 0,065
Gasto farmacéutico (euros) 116, 41 253,66 0,017
Gasto hospitalario (guros) 5.5651,26 6.572,49 0,072
Fallecimientos 2 (3 %) 0 0,481
Derivacion a centro de larga estancia 0 3 (18,8 %) 0,001
Reingresos precoces 11 (16,7 %) 4 (25 %) 0,017

Este grupo de pacientes presentd un incremento significativo de
la tasa de complicaciones, con aumento de la tasa de amputacio-
nes (del 16,6 % al 3,75 %, con una p = 0,046) y del porcentaje
de reintervenciones quirdrgicas (del 4,5 % al 18,7 %, con una
p < 0,05), asi como con aumento de la tasa de complicaciones
médicas (del 15,2 % al 31,25 %, aunque en este caso con una
p > 0,05).

En los pacientes con empeoramiento de la situacion nutri-
cional, la estancia media se vio aumentada en 3 dias, aunque
con una p > 0,05, es decir, sin significacion estadistica. En este
grupo hubo un incremento de todos los gastos: gasto antibioti-
co (de 28,95 €, p = 0,065), gasto farmacéutico (de 137,25 €,
p = 0,017) y gasto hospitalario total (de 1019,23 €, p = 0,072).
Al'igual que en el grupo anterior, no hubo diferencias en cuanto a
la cifra de fallecimientos; sin embargo, si hubo un aumento sig-
nificativo de la tasa de reingresos precoces (del 16,7 % al 25 %,
p =0,017)y de las derivaciones a centros de larga estancia (del
0 % al 18 %, p = 0,001) (Tabla Ill).

DISCUSION

Los datos del estudio PREDYCES (5,18) demostraron una pre-
valencia del riesgo nutricional del 23,7 % en el momento del
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ingreso, segun la herramienta de cribado Nutritional Risk Scree-
ning (NRS). Al separar la muestra global en servicios médicos
y quirtrgicos, se obtuvo una prevalencia del 29 % vy el 17 %,
respectivamente, poniendo de manifiesto una incidencia superior
en los pacientes pertenecientes a los departamentos médicos.
En nuestro estudio obtuvimos una prevalencia inicial algo infe-
rior, del 10,6 %. Esta diferencia puede deberse, por un lado, al
menor porcentaje de ingresos de caracter urgente (un 59,65 %
en comparacion con un 71,2 % en el PREDYCES), ya que estos
pacientes suelen tener un proceso clinico mas grave, con mayor
repercusion sobre su estado nutricional, y por otro lado, a la inclu-
sion de patologias quirtrgicas que condicionan una disminucion
de la ingesta y estados inflamatorios cronicos, como el cancer y
las enfermedades digestivas, patologias frecuentemente tratadas
por los servicios de cirugia general, no pertenecientes a nuestra
especialidad.

Dicha cifra también fue sustancialmente inferior en compa-
racion con otras series quirtrgicas publicadas en los ultimos
anos a escala mundial, como la de Thomas y colaboradores (19),
estudiada en Alemania, con una prevalencia de malnutricion del
paciente quirdrgico —evaluada mediante el NRS— del 24 %, 0
la de Lin Lim y colaboradores (20), estudiada en Singapur, con
una prevalencia —evaluada mediante la valoracion subjetiva
global— del 15 %. Estas series se basaron en la inclusion de
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patologias quirtirgicas correspondientes a la cirugia general; por
tanto, podemos explicar las diferencias al igual que anteriormente
en el caso del PREDYCES.

Son escasas las series publicadas en el @mbito concreto de la
cirugia vascular a nivel mundial. En el estudio australiano desa-
rrollado por Jolene Thomas y colaboradores (21), llevado a cabo
en una unidad de cirugia vascular desde 2014 hasta 2016 y
que contd con 322 pacientes de caracteristicas similares a las
de nuestro estudio en términos del alto porcentaje de varones,
la edad media cercana a los 70 afios y los altos porcentajes de
hipertension, diabetes y dislipemia, utilizando también la herra-
mienta MUST obtuvieron un riesgo nutricional al ingreso del
12,5 %, muy similar al de nuestra investigacion. Este grupo de
pacientes sufrid un aumento de su estancia hospitalaria de 13 a
7 dias, una mayor tasa de complicaciones quirtrgicas (7,23 %
frente a 6,91 %) y un aumento de los costes sanitarios de 1979 €
por paciente e ingreso.

En la serie quirtrgica de Leandro Merhi y colaboradores (22),
llevada a cabo en un hospital terciario de Sao Paulo, donde se
incluia un pequefio porcentaje de pacientes pertenecientes a
cirugia vascular, los autores describieron una prevalencia de la
malnutricion del 9,8 % en nuestra especialidad, casi idéntica
a la nuestra. Los pacientes malnutridos sufrieron un aumento
significativo de la estancia hospitalaria (de 5,9 a 8,1 dias) y las
complicaciones posquirtirgicas (de un 5,6 % a un 9,4 %).

En Castilla y Leon se han llevado a cabo numerosos traba-
jos sobre desnutricion hospitalaria que nos han servido como
guia para la realizacion del nuestro. En el estudio de Ballesteros
Pomar y cols. (23), realizado en el Complejo Asistencial Univer-
sitario de Ledn en 2015, se detectd —mediante la herramienta
MUST— un 26,9 % de pacientes con riesgo de desnutricion al
ingreso, porcentaje sustancialmente mas alto que el de nues-
tra muestra, al tratarse de pacientes pertenecientes al Servicio
de Medicina Interna. Los pacientes cuya situacion nutricional
empeord durante el ingreso tuvieron una estancia significati-
vamente mayor (2,5 dias). Ademas, ocasionaron un sobrecoste
de 767 € por ingreso (35 % superior), lo que implica un exceso
de gastos relacionados con la desnutricion de 646.419,93 €
anuales en el servicio estudiado.

En el estudio multicéntrico de Luis y colaboradores (24), que
incluyd pacientes pertenecientes a los servicios de medicina inter-
na de nueve hospitales de Castilla y Ledn, se obtuvo un porcen-
taje de malnutricion del 23,9 % al ingreso mediante cribado con
la herramienta Mini Nutritional Assessment (MNA). En el grupo
con malnutricion hubo un aumento de la estancia hospitalaria
de 2,6 dias.

En el CAULE, asimismo, se desarrollé un estudio comparativo
de las principales herramientas de cribado nutricional, realizado
por Calleja Fernandez y colaboradores (8), donde se incluyeron
pacientes pertenecientes a cirugia vascular, asociados a un
grupo de servicios quirtrgicos excepto de cirugia general, que
se evalud como servicio independiente. Encontraron un riesgo
nutricional —mediante la herramienta MUST, medido durante los
cuatro primeros dias de ingreso— del 34,7 %, con un porcentaje
de malnutricion del 8,2 %. La herramienta que alcanzé mejores
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resultados de sensibilidad y especificidad de los métodos de cri-
bado nutricional a nivel global y por servicios de hospitalizacion
fue el MUST, método elegido para la realizacion de nuestro trabajo,
basandonos en las recomendaciones de la Sociedad Europea de
Nutricion Parenteral y Enteral (ESPEN) (25), asi como en diferentes
publicaciones —como el mencionado articulo— que manifiestan
su efectividad (26,27).

Actualmente, el Unico estudio sobre desnutricion hospitalaria
en cirugia vascular que se ha publicado hasta la fecha en nues-
tro pais es el trabajo realizado por Torres Torres y colaboradores
(7) en el Hospital Clinico Universitario de Valladolid. Este estudio
es el mas comparable con el nuestro hoy en dia y sobre el que
hemos basado gran parte de la sistematica de desarrollo de
nuestra investigacion. Torres Torres y colaboradores obtuvie-
ron un riesgo nutricional inicial —mediante la herramienta de
cribado MUST— del 15,6 %, cercano a nuestro 10,6 %. En el
mencionado trabajo, los pacientes que ingresaron con caracter
urgente tenian una mayor prevalencia de desnutricion (19 %
vs. 4 %) al igual que en nuestro grupo, donde encontramos
una asociacion significativa entre el empeoramiento del estado
nutricional durante el ingreso y el caracter urgente del mismo
(54,5 % vs. 81,35 %), dato reflejado también en el estudio
PREDYCES, donde el ingreso programado presentaba una menor
prevalencia de la DRE.

En nuestro trabajo, los pacientes con alto riesgo nutricional
al ingreso desarrollaron mas complicaciones médicas (18,3 %
con MUST < 2 frente a 45,5 % con MUST > 2 al ingreso) y mas
predisposicion a la infeccidn quirtrgica (5,4 % con MUST < 2
frente a 27,3 % con MUST > 2 al ingreso), al igual que en estudio
PREDYCES de casos y controles, donde la presencia de desnu-
tricion suponia un aumento del desarrollo de complicaciones y
procesos infecciosos, incluyendo la infeccion de la herida qui-
rdrgica. Asi mismo, los autores asociaron el mayor porcentaje
de reintervenciones quirurgicas (6,5 % con MUST < 2 frente a
27,3 % con MUST > 2 al ingreso) y el incremento de la estancia
hospitalaria, con una media de 7 dias, a los casos que habian
presentado riesgo nutricional al ingreso, siendo la cifra de 7
dias ligeramente superior a los 3 dias encontrados en el estudio
PREDYCES.

Al'igual que en los estudios mas relevantes, mencionados con
anterioridad, encontramos un incremento importante del gasto
hospitalario total, con un aumento de 2627 €, lo que representa
un 58 % mas. En el PREDYCES se describe un incremento de
1505 € por paciente, siendo este del 65 % en el estudio de Torres
Torres. Por otra parte, en nuestro estudio, el MUST positivo al
ingreso no se asocio a un aumento de la mortalidad, al igual que
en las series de Ballesteros Pomar y Torres Torres.

El empeoramiento de la situacion nutricional tuvo un impacto
muy negativo sobre la evolucion de los pacientes de nuestra
serie, observandose un mayor nimero de reintervenciones qui-
rurgicas (18,75 % con MUST > 1 frente a 4,5 % con MUST = 0)
y un incremento de la estancia hospitalaria de 4,5 dias, similar
al encontrado por otros estudios, como el multicéntrico cana-
diense de Allard y colaboradores (28), en el cual el deterioro
del estado nutricional durante el ingreso aumentaba la estancia

[Nutr Hosp 2021;38(3):525-532]



CRIBADO NUTRICIONAL DEL PACIENTE CON PATOLOGIA VASCULAR HOSPITALIZADO: RELACION DEL RIESGO 531
NUTRICIONAL CON LOS RESULTADOS CLINICOS Y ECONOMICOS EN UN SERVICIO QUIRURGICO

hospitalaria en 3 dias, y el trabajo de Ballesteros Pomar y cols.
(23), donde el empeoramiento del estado nutricional fue del
18 %, con un aumento de la estancia de 2,5 dias y un aumento
de los reingresos hospitalarios (16,7 % con MUST = 0 frente a
31,5 % con MUST > 1). Como consecuencia de lo anterior, se
produjo en este grupo un incremento del gasto antibidtico del
400 %, del gasto farmacéutico del 100 % y del gasto hospita-
lario total del 47,24 %. En el estudio de Torres Torres, los costes
de la hospitalizacién se incrementaron en un 127 % en los
pacientes que sufrieron deterioro del estado nutricional durante
el ingreso, siendo este porcentaje del 35 % para Ballesteros y
colaboradores.

Nuestro estudio presenta limitaciones, al haberse realizado
en un hospital terciario en Espafa, con una muestra pequefia y
en un servicio quirdrgico concreto, por lo que los resultados no
pueden extrapolarse a la poblacidn hospitalaria general, ni a la
de otros paises. No obstante, hemos seguido la sistematica de
trabajo de otros estudios principales, basandonos en la impor-
tancia del cribado nutricional positivo al ingreso y del desarrollo
del riesgo nutricional, evaluando el prondstico del paciente. Asi
mismo, los resultados obtenidos con respecto a la patologia, las
intervenciones y las complicaciones propias del paciente vascu-
lar, no podemos compararlos en gran medida con los de otros
estudios a fin de poder sacar conclusiones adecuadas, ya que
no hay estudios suficientes publicados hasta la fecha que los
describan.

CONCLUSIONES

El 10,6 % de los pacientes que ingresaron en el servicio de
cirugia vascular presentaban riesgo nutricional al ingreso y este ni
se detectd ni se tratd adecuadamente ya que, en el momento del
alta, el 100 % de estos pacientes permanecian en el mismo esta-
do. Asi mismo, el 9,7 % de los pacientes que ingresaron con buen
estado nutricional desarrollaron riesgo de desnutricion durante el
ingreso. El cardcter urgente del ingreso parece tener relacion con
un mayor empeoramiento del estado nutricional, probablemen-
te por el caracter agudo de la patologia, que en muchos casos
condiciona una cirugia urgente. La cirugia abdominal abierta se
asocia a un mayor empeoramiento de la situacion nutricional,
probablemente por los largos periodos de ayuno perioperatorio.
Observamos una relacion significativa entre el riesgo nutricional
elevado y el aumento de las complicaciones médicas, las infec-
ciones de la herida quirlrgica, la tasa de reintervenciones y la
tasa de amputaciones. Todo ello supone un incremento de los
costes sanitarios, la estancia hospitalaria, la tasa de reingresos y
los traslados a centros de larga estancia.

Por tanto, creemos necesaria una mayor implicacion y un
mayor control del estado nutricional en los pacientes ingresados
en los servicios quirtrgicos mediante el empleo de herramientas
de cribado, favoreciendo la deteccion precoz, y el seguimiento
periddico de cada paciente para detectar el posible empeoramien-
to del estado nutricional durante el ingreso. Con la implantacion
de estas medidas se podrian reducir las complicaciones médi-
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co-quirdrgicas, la estancia hospitalaria y los reingresos precoces,
y favorecer el alta al domicilio, todo lo cual se traduciria en una
reduccion de los costes sanitarios. Serfa necesaria la realizacion
de mas estudios en nuestra especialidad, asi como en el resto
de especialidades quirtirgicas, para ver la implicacion real del
problema y concienciarnos sobre esta realidad, muchas veces
inadvertida.
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Abstract

Introduction: dysphagia is common in patients with cerebrovascular disease (CVD), with an incidence reported to be 35 %-50 %. Dysphagia
can result in malnutrition, dehydration, and death, and negatively affects anxiety levels.

Objectives: this study aimed to evaluate the effects of recommended nutritional treatment (NT) on nutritional status and anxiety levels in patients
with dysphagia based on clinical and fiber-optic endoscopic evaluation of swallowing (FEES) tests.

Methods: seventy-five patients over the age of 50 who were diagnosed with CVD, hospitalized at the Mersin City Research and Training Hospital,
Neurology Clinic, from October 2019 to January 2020 were followed up for the study. The FEES test was performed to diagnose dysphagia in CVD
patients. Anthropometric measurements of the patients were taken to calculate their body mass index (BMI) values. To determine a patient’s daily
energy and food intake, 24-h food recalls were taken, and the Nutritional Risk Screening 2002 (NRS 2002) test was used to identify patients at
risk of malnutrition. State (SAI)-Trait Anxiety Inventories (TAI) were used to determine instant and general anxiety levels. After patient evaluations
NT was provided. All evaluations were repeated 8 weeks after NT. Our study was carried out based on a longitudinal design since we worked
with the same units at two different time points.

Results: post-NT SAl scores were significantly lower than pre-NT scores (p < 0.05). A moderate correlation was found between pre- and post-NT
SAl scores and daily energy and fluid intake status, and between TAI scores and daily energy, fat, and fluid intake amounts (p < 0.05). Post-NT
SAl scores significantly decreased with both NRS 2002 and BMI values (p < 0.05).

Conclusions: this study highlights the importance of NT in improving rehabilitation outcomes of patients with dysphagia. Since exercises such
as postural techniques or maneuvers, and muscle strengthening to reduce swallowing difficulties are an important part of NT for dysphagia, a
multidisciplinary study is required for the management of dysphagia, and further studies are needed on this subject.

Resumen

Introduccion: la disfagia es comin en los pacientes con enfermedad cerebrovascular (ECV). Se ha informado de que aparece entre el 35 % y
el 50 % de estos pacientes. La disfagia puede provocar desnutricion, deshidratacion y muerte, y afecta los niveles de ansiedad.

Objetivos: este estudio tuvo como objetivo evaluar los efectos del tratamiento nutricional recomendado (TN) sobre el estado nutricional y los
niveles de ansiedad en pacientes con disfagia diagnosticada a partir de pruebas clinicas y de la evaluacion endoscopica de la deglucion por
fibra dptica (FEES).

Métodos: se realizd un seguimiento para el estudio de 75 pacientes mayores de 50 afios con diagndstico de ECV, hospitalizados en la Clinica
de Neurologia del Hospital de Investigacion y Capacitacion de la Ciudad de Mersin desde octubre de 2019 hasta enero de 2020. La prueba
FEES se realizd para diagnosticar la disfagia en los pacientes con ECV. Se tomaron medidas antropométricas de los pacientes para calcular los
valores del indice de masa corporal (IMC). Para determinar la ingesta diaria de energia y alimentos de los pacientes, se realizaron recuerdos
de alimentos de 24 horas y se utilizé la prueba de evaluacion del riesgo nutricional 2002 (NRS 2002) para identificar a los pacientes en riesgo
de desnutricion. Se utilizaron los inventarios de ansiedad como estado (SAI) y como rasgo (TAl) para determinar los niveles de ansiedad instantanea
y general. Después de las evaluaciones de los pacientes se les proporciond TN. Todas las evaluaciones se repitieron 8 semanas después del
TN. Nuestro estudio se realizé sobre la base de un disefio longitudinal, ya que trabajamos en las mismas unidades con dos tiempos diferentes.

Resultados: las puntuaciones del SAl post-TN fueron significativamente mas bajas que las puntuaciones previas al TN (p < 0,05). Se encontrd
una correlacion moderada entre las puntuaciones del SAl antes y después del TN y el estado de ingesta diaria de energia y liquidos, y entre
las puntuaciones del TAl'y las cantidades de ingesta diaria de energia, grasas y liquidos (p < 0,05). Las puntuaciones del SAI posteriores al TN
disminuyeron significativamente tanto para los valores del NRS 2002 como para los valores del IMC (p < 0,05).

Conclusiones: este estudio destaca la importancia del TN para mejorar los resultados de la rehabilitacion de los pacientes con disfagia. Dado que
los ejercicios como las técnicas/maniobras posturales y el fortalecimiento muscular para reducir las dificultades para tragar son una parte impor-
tante del TN de la disfagia, se requiere un estudio multidisciplinario sobre el manejo de la disfagia y se necesitan mas estudios sobre este tema.
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INTRODUCTION

Cerebrovascular disease (CVD) is characterized by dysphagia
(1). The prevalence of dysphagia is 10 % among individuals over
50 years of age — it increases with age and is reported to be 35 %
to 50 % in patients with CVD (2,3). The most important changes
that may cause dysphagia with increasing age are decreased chew-
ing power because of decreased face muscle strength, tooth loss,
decreased saliva production, and low fluid intake (4). In patients with
CVD, dysphagia may result in malnutrition, dehydration, penetration,
aspiration, pneumonia, and death (5), and may adversely affect an
individual’'s anxiety status and quality of life (6).

In dysphagia, the risk of aspiration increases with age and mal-
nutrition (7). Decreased protein intake due to malnutrition leads
to muscle loss, which increases the risk of aspiration, causing a
decrease in cough and respiratory power (8). About half of the
patients with dysphagia aspirate. Silent aspiration occurs when
food goes down the vocal cords without cough. Silent aspiration
can be overlooked in clinical tests; therefore, advanced instru-
mental methods are used to evaluate dysphagia. The fiber-op-
tic endoscopic evaluation of swallowing (FEES) test is the most
commonly used assessment tool in clinical practice. Using the
FEES test, the anatomical and physiological structures involved in
the swallowing phases were examined, and nutritional treatment
(NT) strategies were determined using a fiber-optic camera and
providing the patient with foods with different bolus consisten-
cies (liquid/semisolid) (9). The evaluation is easy and standardized
as it is based on scales. The most commonly used scale is the
Penetration-Aspiration Scale (PAS). The degree of dysphagia was
determined based on the score obtained in this scale (10).

Nutritional treatment is important to increase swallowing effi-
cacy and safety, one of the basic approaches to dysphagia treat-
ment. Nutritional treatment in patients with dysphagia is based
on changes in the amount and density of the foods consumed by
the patient after clinical and instrumental evaluation. For patients
to swallow these foods without aspiration, they need to eat slowly
in a sitting position (11).

This study was planned and conducted to evaluate the effects
of NT, which is routinely recommended for patients with dysphagia
based on clinical and FEES tests, on the nutritional status and
anxiety levels of the patients included. The hypotheses determined
for this study may be described as follows — First, there is a
relationship between the nutritional status of dysphagia patients
and their anxiety levels. Second, nutritional therapy provides an
increase in food intake and a reduction in risk of malnutrition in
patients with dysphagia.

MATERIALS AND METHODS

THE ETHICAL ASPECT OF THE RESEARCH
AND DATA COLLECTION

The Toros University Scientific Research and Publication Eth-
ics Committee approved the study (#43-25.09.2019), and an

0. Ozpak Akkus et al.

informed consent was obtained from the individuals who par-
ticipated in this study. Seventy-five patients over the age of 50,
who were diagnosed with CVD and hospitalized at the Mersin City
Research and Training Hospital, Neurology Clinic, from October
2019 to January 2020, were followed up for the study. Patients
diagnosed with CVD for at least 2 weeks and those with dyspha-
gia who could be fed orally were included, and those who were
fed only via enteral nutrition (EN), except for oral enteral support,
and total parenteral nutrition (TPN) were excluded. Our study was
carried out based on a longitudinal design since we worked with
the same units at two different time points.

Consent was obtained from all patients who volunteered to
participate in the study. First, a FEES test was administered rou-
tinely to diagnose dysphagia, and PAS scores were obtained.
Then, anthropometric measurements (height and weight) of the
patients were taken to calculate their BMI. To determine their daily
food intake, 24-h dietary recalls were taken, the NRS-2002 was
used to identify patients at risk of malnutrition, and both State and
Trait Anxiety Inventories (SAI and TAI, respectively) were used to
determine instant and general anxiety levels. They were informed
about the importance of consuming food in an upright position.
The amounts of energy, nutrients, and fluids specific for each
patient were calculated. NT, as modified based on food consisten-
cy, was administered. In the second study visit, which took place
8 weeks after the first interview, anthropometric measurements
and 24-h dietary recalls were taken again. The NRS 2002 and
SAI-TAl assessments were readministered.

ASSESSMENT OF THE SWALLOWING
DISORDER

To standardize the FEES and PAS assessments, evaluations
were made by a doctor specialist experienced in laryngolo-
gy-swallowing conditions. During the FEES test, patients were
given food in liquid/semisolid form with green food dye, and their
food swallowing was monitored with a fiber-optic camera and
scored with the PAS.

PAS is reliable and easy to use. It includes a scoring system
that allows to obtain a numerical dysphagia level based on the
images obtained via the FEES test. There are eight scores on the
scale regarding patient penetration and aspiration severity. Higher
scores on the scale indicate a higher severity (1, no-penetra-
tion-aspiration; 2-5, penetration; 6-8, aspiration) (12).

EVALUATION OF ANTHROPOMETRIC
MEASUREMENTS

The body weights of the participants were measured with a
sensitive scale, and their height was measured without stretch-
ing. Body mass index was calculated using the formula BMI (kg/
m?) = body weight (kg) / height (m?) using their body weight and
height. If the value obtained was < 18.5 kg/m?, the subject was
underweight; if between 18.5 and 24.9 kg/m?, the subject

[Nutr Hosp 2021;38(3):533-539)]



DOES NUTRITIONAL TREATMENT IN PATIENTS WITH DYSPHAGIA AFFECT MALNUTRITION AND ANXIETY? 535

was normal weight; if between 25.0 and 29.9 kg/m?, the subject
was overweight; if between 30.0 and 34.9 kg/m?, the subject was
included in obesity class 1; if between 35.0 and 39.9 kg/m?, in
obesity class 2; if > 40.0 kg/m?, in obesity class 3 (13).

EVALUATION OF NUTRITIONAL STATUS
AND POTENTIAL MALNUTRITION

The NRS 2002 test was used to identify patients at risk of mal-
nutrition. An NRS 2002 score > 3 indicates a nutritional high risk
(14). To determine daily food intake, 24-h dietary recalls were tak-
en. The data were entered into the Nutrition Information Systems
(BEBIS), and daily energy, macronutrient, and liquid consumption
status were determined (15). These data, which were collected
at the beginning of the study, were recorded again at the end of
the study.

The daily energy requirements of the patients were calculated
using a practical formula (20-30 kcal/kg of body weight) (16).
Energy calculations in patients with body weight below normal
(BMI' < 18.5 kg/m?) provided a result of > 25-30 kcal/kg of body
weight (16). When assessing the energy requirements of obese
patients (body mass index [BMI] of 30 kg/m?), their ideal body
weight was calculated (17) as: adjusted body weight = [IBW
+ (ABW — IBW x 0.25)], with IBW = ideal body weight, amd
ABW = actual body weight. Daily protein needs were 1-1.5 g/kg,
and daily fluid needs were 30 mL/kg (18). Accordingly, appropriate
NTs were given considering the safe consistency patterns that
they could receive based on FEES results (11).

ASSESSMENT OF ANXIETY LEVELS

In this study, SAI-TAl were used to determine instant emotional
and general anxiety levels. A Turkish adaptation, as well as valid-
ity and reliability studies were performed in 1985 (19). These
inventories contain short statements (20 each) for self-reporting.
The SAl evaluates “instant emotional” anxiety levels, and the TAI
evaluates the “general” anxiety status. The score ranges from 20
to 80. Although the scales do not have a definite cut-off point, it
is generally accepted that 39-40 points are the cut-off point for
anxiety (19). Higher scores indicate increased anxiety (20). These
scales, which were administered at the beginning of the study,
were repeated at the end of the study.

STATISTICAL ANALYSIS OF THE DATA

In the study, a paired-sample t-test, Pearson’s correlation
analysis, and a reliability analysis were used. We used Pearson’s
correlation analysis to assess the relationship between energy,
macronutrients, and anxiety scores. Shapiro-Wilks normality
tests were conducted for quantitative score variables, and it was
observed that normality conditions were met. The reliability of
state and trait anxiety scales was evaluated according to Cron-
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bach’s alpha coefficients. Analyses were applied by considering
the total scores of the scale items. The IBM SPSS 20 software was
used for the statistical analyses. In addition, correlation difference
tests were used to test differences between correlations. At this
stage, the psych package included in the R Project software was
used (21).

RESULTS

Atotal of 75 patients with dysphagia, 24 women (32.0 %) and
51 men (68.0 %), with a mean age of 71.15 + 10.34 years
were recruited. The mean body mass index (BMI) of these patients
was 26.14 + 5.57. Although the mean NRS 2002 score was
2.20 = 0.86, 31 patients (41.3 %) were found to have a NRS
2002 score > 3. Based on the FEES scores, for liquid nutrients
60 patients (80.0 %) had a PAS score of 2-5, and 15 patients
(20.0 %) had a PAS score of 6-8. For semisolid foods 72 patients
(96.0 %) had a PAS score of 2-5, and 3 (4.0 %) had a PAS score
of 6-8 (Table I).

The comparison of these patients pre- and post-NT based on
their PAS scores and rates of meeting their energy and macro-
nutrient needs is shown in table Il. According to these results, for
liquids there are significant differences between patients with a
PAS score of 2-5 and those with a score of 6-8 in terms of the

Table I. General characteristics of patients
with dysphagia

Patients with dysphagia
n=75
n %
Age (mean + SD) 71.15+10.34
Gender
Female 24 32.0
Male 51 68.0
BMI (mean + SD) 26.14 £ 5.57
NRS 2002 (mean + SD) 2.20 + 0.86
<3 44 58.7
>3 31 413
PAS
o (2-5) 60 80.0
Liquid
(6-8) 15 20.0
o (2-5) 72 96.0
Semi solid
(6-8) 3 4.0
Use of ONS
Pre-NT 14 18.6
Post-NT 21 28.0

BMI: body mass index; NRS 2002: Nutritional Risk Screening 2002; NT:
nutritional treatment; PAS: Penetration-Aspiration Scale; ONS: oral nutritional
support.
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Table Il. Evaluation of percentages of meeting energy and macronutrients and liquid intake
according to PAS in patients with dysphagia before and after nutritional treatment

L Pre-NT Post-NT
PAS (liquid) = = P
X+ SD X+ SD
(2-5) 61.77 + 14.98 70.92 +21.13 < 0.001**
Energy %
(6-8) 59.42 + 19.71 76.33 + 30.71 0.001*
, (2-5) 58.06 + 17.68 66.81 + 19.68 < 0.001*
Protein %
(6-8) 56.73 + 13.69 75.78 + 20.57 < 0.001*
(2-5) 45.93 + 6.96 44,68 + 7.77 0.175
CHO %
(6-8) 39.06 + 7.61 41.20 + 4.64 0.245
Fat o (2-5) 35.45+6.012 36.73 £ 6.77 0.098
a
’ (6-8) 4153 +7.92 38.86 + 3.50 0.007**
o (2-5) 767.56 + 123.70 887.78 + 134.82 <0.001*
Liquid intake
(6-8) 506.46 + 45.32 640.40 + 75.27 < 0.001*
Pre-NT Post-NT
PAS (semi solid) = = p
X+SS X+ SS
(2-5) 64.21 + 18.41 76.85 + 26.49 < 0.001*
Energy %
(6-8) 59.94 + 3.79 67.71 +11.26 0.466
, (2-5) 59.49 + 17.75 72.20 + 20.62 <0.001*
Protein %
(6-8) 62.33 £ 7.74 7451 £ 1117 0.359
(2-5) 43.57 +7.80 44.80 + 7.61 0.391
CHO %
(6-8) 44.66 + 2.08 41.33 + 2.08 0.109
Fat o (2-5) 37.91 £6.93 36.94 +6.02 0.262
a
’ (6-8) 36.00 + 2.64 36.00 + 2.64 0.184
o (2-5) 710.02 + 164.91 840.85 + 174.51 < 0.001*
Liquid intake
(6-8) 515.33 + 26.63 628.66 + 41.23 0.006**

CHO, Carbohydrate; NT, Nutritional Treatment; PAS, Penetration-Aspiration Scale.
*n < 0.01, *p < 0.001.

rate of meeting energy, protein, and fluid intake needs pre- and
post-NT (p < 0.05). When the scoring for semisolid foods was
analyzed pre- and post-NT, there was a significant difference in
patients with a PAS score of 2-5 in terms of the percentage that
met energy, protein, and fluid intake needs (p < 0.05). There was
a significant difference in patients with a PAS score of 6-8 only
in terms of their pre- and post-NT fluid intake status (p < 0.05).
The comparison of results in terms of NRS-2002 and BMI
scores pre- and post-NT are given in table Ill. According to the
results, there is a statistically significant difference between BMI
and NRS 2002 scores pre- and post-NT (p < 0.05). In addition,
there was no significant relationship between NRS 2002 score
groups before and after nutritional treatment (p > 0.05).
Cronbach’s alpha values for the scales, according to the reli-
ability analysis results applied to the SAI and TAI, were found to
be 0.845 and 0.903 pre-NT, respectively, and 0.902 and 0.888
post-NT, respectively. The reliability coefficients of the scales were
determined. In this study, while the SAI scores of patients with
dysphagia were determined before and after nutritional treatment

(51.33 + 6.88; 48.46 + 7.39, respectively), the TAl scores were
determined as 51.42 = 7.12 and 51.42 + 4.79, respectively; this
appears to be higher than the generally accepted cutoff point.
Mean post-NT SAl scores were significantly lower (p < 0.05) than
pre-NT values, but there was no significant difference between
mean TAI scores (p > 0.05).

Correlations regarding the meeting of daily energy, protein, car-
bohydrate (CHO), fat, and fluid intake needs, and pre-and post-NT
SAl'and TAI scores are given in table V. There is a negative moder-
ate relationship between pre- and post-NT SAl scores and the rate
of meeting daily energy and fluid needs, and there is a weak nega-
tive relationship between SAl and the rate of meeting daily protein,
CHO, and fat needs. There was a negative moderate relationship
between TAI scores and the meeting of daily energy, fat, and fluid
needs, and a negative poor relationship between TAI scores and the
rate of meeting daily protein and CHO needs (p < 0.05). In addi-
tion, according to the significance of the differences between pre-
and post-NT SAl and TAI scores and nutritional parameters, none
of the post-NT correlation increases were significant (p > 0.05).
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Considering the anxiety scale scores in relation to BMI and NRS
2002 values, it was seen that post-NT SAl scores significantly
decreased in terms of NRS 2002 and BMI values (p < 0.05), but

DISCUSSION

there was no significant decrease in TAI scores (Table V).

Pre-NT Post-NT P
BMI(X £SS) | 26.14+557 | 2590+6.04 | <0.001*
NRS 2002 | n % n %
>3 44 | 583 | 48 | 64.0
0.502
>3 31 | 413 | 27 | 36.0
X £ 2.20 = 0.86 213+092 | <0.001**

***BMI, body mass index; NT, nutritional treatment; NRS 2002, Nutritional
Risk Screening 2002; p < 0.001.

Dysphagia is a disease symptom that requires multidisciplinary
treatment, of which a proper dietary intake is an important part.
In NT, it is essential to regulate the intake of energy, protein, and
fluid in the amount that patients can optimally absorb, and to
maintain an optimal consistency to prevent aspiration as well as

macro-micronutrient deficiencies (22). In patients with CVD, the

Table IV. The relationship between energy and macronutrients and anxiety scores of

patients with dysphagia before and after nutritional treatment

SAI TAI
Pre-NT Post-NT Difference Pre-NT Post-NT Difference
Energy r -0.467 -0.522 0.055 -0.470 -0.508 0.038
p <0.001™ <0.001* 0.577 <0.001* < 0.001* 0.702
Protein r -0.315 -0.388 0.073 -0.359 -0.395 0.036
p <0.001™* <0.001* 0.524 <0.001* < 0.001* 0.748
CHO r -0.355 -0.389 0.034 -0.313 -0.321 0.008
p <0.001** <0.001* 0.763 <0.001** < 0.001* 0.946
Fat r -0.373 -0.408 0.035 -0.405 -0.461 0.056
p <0.001** <0.001* 0.752 <0.001* < 0.001** 0.598
o r -0.659 -0.709 0.050 -0.584 -0.688 0.104
Liauid p <0.001* <0.001* 0.472 <0.001* < 0.001* 0.179

kok)

CHO, carbohydrate, NT, nutritional treatment; SAl, State Anxiety Inventory; TAI, Trait Anxiety Inventory ***p < 0.001.

Table V. Comparison of anxiety scores in relation with NRS 2002 and BMI values before
and after nutritional treatment

SAI TAI
Pre-NT Post-NT P Pre-NT Post-NT P
Mean = SD Mean = SD Mean + SD Mean = SD
NRS 2002
<3 42,65 +10.50 38.31 +10.86 < 0.001** 42,97 +10.56 42.27 +9.97 0.188
>3 51.31+8.73 48,62 +10.14 < 0.001** 52.45 + 8.860 52.02 + 6.69 0.617
BMI (kg/m?)
<185 51.55 + 6.54 4711 £ 8.52 0.010* 51.44 + 8.60 50.44 +7.26 0.590
18.5-24.9 45.97 + 11.49 43.00 = 12.88 < 0.001™ 4753 +11.78 47.26 = 10.71 0.704
25.0-29.9 45,45 +9.88 40.62 +10.53 < 0.001*** 44.86 + 9.57 4451 +8.70 0.653
30.0-34.9 40.57 +11.34 36.85 + 11.59 0.001* 4214 +11.49 39.90 = 11.21 0.094
35.0-39.9 44,37 +9.45 40.37 +9.28 0.048* 42,75 +10.89 4350 +7.89 0.634
>40.0 - -

BMI, body mass index; NT, nutritional treatment; NRS 2002, Nutritional Risk Screening 2002; SAl, State Anxiety Inventory; TAI, Trait Anxiety Inventory.
< 0.05 “p<0.01, **p<0.001.
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frequency of dysphagia increases, and nutritional deficiencies are
common (23). The use of oral nutritional supplements to correct
nutritional deficiencies in patients with dysphagia, and the use of
thickened enteral products to facilitate swallowing are the most
effective ways to prevent nutritional deficiency and dehydration
in these patients (11). In this study we observed that inadequate
pre-NT energy, macronutrient, and fluid intake increased with NT.
It may be seen that the increase in the rate of meeting energy
and protein fluid intake needs by patients with a PAS score of 2-5
and 6-8 for both liquid and semisolid foods was significant (Table
). In an adequate and balanced diet, in addition to total energy
and protein intake, the patterns of other macronutrients such as
fat and CHOs in the diet should be taken into consideration. The
amount of fat in the diet can increase the severity of dysphagia
by changing serum cholesterol, triglyceride, and lipoprotein lev-
els, and by setting the ground for chronic degenerative diseases
with increasing age (24). In this study a significant increase was
observed in the rate of meeting dietary fat needs in patients with
dysphagia (Table Il). Increases in energy and nutrient intake are
thought to be due to an increase in the consumption of those
foods that can be swallowed by patients, awareness of energy-nu-
trients, and an increase in the consumption of the oral nutritional
supports that are recommended to correct the energy and nutrient
deficiencies that nutrition cannot amend.

There is a strong link between dysphagia and malnutrition (25).
In the available studies the prevalence of malnutrition following
CVD was found to be 8 % to 49 % (25,26). In another study
involving patients with dysphagia, it was reported that the rate
of malnutrition, which was approximately 50 % at 2 weeks after
a stroke, decreased to 19 % in the following 4 months (8). NT
has a positive effect on weight gain and malnutrition in patients
with dysphagia (27). The current NRS 2002 results that changed
post-NT also support this outcome (Table lll). The decrease in NRS
2002 scores is due to an increase in food intake as a result of the
nutritional treatment that patients with dysphagia received at a
consistency suitable for their swallowing function status. We think
that the decrease in BMI of patients with dysphagia is due to the
fact that these patients have different periods of cerebrovascular
disease (number of weeks) — rehabilitation at different stages, dif-
ferent course or severity of disease in this period, and presence of
an additional chronic disease (DM, etc.). If the nutritional treatment
applied to these patients had continued, we think that nutritional
treatment would also have had a positive effect on weight gain.

The complications that may occur in patients with CVD also
increase the anxiety levels of patients with dysphagia (28). Studies
have shown that patients with CVD have higher levels of both state
and trait anxiety (29,30). This outcome can be explained by vari-
ous possible reasons. First, neurological disorders cause physical,
physiological, and psychological problems, causing changes in the
daily lifestyle of patients. Difficulty in chewing and swallowing may
cause additional anxiety due to malnutrition, pneumonia, and fear
of death (31). Another possible reason for increased anxiety may
be the increased time spent eating due to difficulty in swallowing,
which may deteriorate the relationship between patient and care-
giver (32). The last possible reason is that patients with dysphagia
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are embarrassed during eating, so they avoid eating with others
(33). It is important to determine the anxiety levels of patients,
which also play a vital role in the management of dysphagia. It
was reported that 37 % of patients with dysphagia were found to
have high anxiety levels (34). NT increases the level of knowledge
about safe food intake in both patients and caregivers and thus
reduces anxiety levels (35). In this study, a significant decrease
was found in post-NT SAl scores. We can attribute this decrease
in the scores that reflect immediate anxiety states to the fact that
nutritional treatment, which is modified to facilitate chewing and
swallowing, both reduces the time spent by the patient with food,
and makes the patient feel more secure during this period.

As a result of postural disturbances, visual-perceptual disor-
ders, decreased mobilization, and communication problems in
patients with dysphagia and cerebrovascular disease, food con-
sumption begins to decrease, and this situation causes weight
loss and malnutrition (25-27), which may be associated with
depression and increased anxiety levels (36). In a study examining
this relationship, it was found that malnutrition caused increased
complications, length of hospital stay/rehabilitation period, and
anxiety levels (37). In the present study there was a significassnt
relationship between pre- and post-NT SAI/TAI scores and energy
and nutrient parameters (p < 0.05) (Table IV). However, according
to the significance tests performed on the differences between
SAI/TAI scores and nutritional parameters, none of the post-NT
correlational increases were statistically significant (p > 0.05).
Even if the differences between correlations were not signifi-
cant, it was seen that NT improved anxiety levels (Table IV). We
think that this positive effect on the anxiety levels of patients with
dysphagia is due to an increase in the food consumed by the
patients, a decrease in risk of complications due to malnutrition,
and a decrease in the length of the hospital stay-rehabilitation
period, thanks to the consistency changes made to ensure that
food intake is safe for each specific patient.

Nutritional status, anxiety level, and quality of life affect each
other in neurological patients (38). Nishioka et al. (39) report-
ed that maintaining body weight by improving nutritional status
increased quality of life. Serious weight loss or decrease in BMI
was associated with anxiety levels (40). In the present study SAl
scores decreased post-NT significantly for both NRS 2002 and
BMI values (p < 0.05), but no significant decrease was observed
in TAl scores (Table V). We think that nutritional treatment, which is
given in a consistency that the patient is able to ingest, especially
affects the state of anxiety, and that a decrease in the state of
continuous anxiety may occur in the future by continuing the same
nutritional treatment.

This is an exemplary study showing the effects of nutritional
therapy as based on safe food intake on both nutritional status
and anxiety levels in patients with dysphagia; however, it has also
some limitations. First, no swallowing therapist/physiotherapist
experienced in the treatment of dysphagia was included in the
study. Second, the patients were at different rehabilitation stages.
Another limitation is that the blood parameters that reflect the
nutritional status of patients were not examined. Finally, some
patients could not be included in the study because they could

[Nutr Hosp 2021;38(3):533-539)]



DOES NUTRITIONAL TREATMENT IN PATIENTS WITH DYSPHAGIA AFFECT MALNUTRITION AND ANXIETY? 539

not be reached. The data of the patients not included in the study
could have led to different results, and more patients would have
increased the reliability of the results.

Consequently, in this study NT, as based on safe food intake,
led to an increase in the meeting of energy and protein require-
ments, as well as in fluid intake, in patients with dysphagia,
which resulted in improvements in patient nutritional status, and
a decrease in the risk of malnutrition by causing a decrease in
NRS 2002 scores. In addition to the nutritional results, it also
showed a positive secondary effect on the state anxiety levels of
patients. While these results support the hypotheses of the study,
they also emphasize the importance of NT in improving rehabil-
itation outcomes for patients with dysphagia. Since appropriate
posture movements during swallowing, and exercises to reduce
swallowing difficulties are important parts of NT for dysphagia,
a multidisciplinary approach is required for the management of
dysphagia, and more studies are needed on this subject.
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Abstract

Background: nutritional risk has been associated with worse outcomes at the critical care unit. The aim of this study was to describe the asso-
ciation between nutritional risk and length of stay, days on mechanical ventilation, and in-hospital mortality in patients infected with SARS-CoV-2.

Methods: a retrospective cohort of ventilated, critically ill patients. We assessed nutrition risk at baseline using NUTRIC-score. Logistic and linear
regression models were used to analyze the association between NUTRIC-score and clinical outcomes (days on mechanical ventilation, hospital
length of stay, and in-hospital mortality). A survival analysis was performed using Kaplan-Meier curves.

Results: a total of 112 patients were included, 39.3 % were overweight and 47.3 % were obese. Based on NUTRIC-Score, 66 % and 34 % of
patients were at high and low nutritional risk, respectively. High nutritional risk was associated with increased mortality risk (OR: 2.4, 95 % Cl,
1.06-5.47, p = 0.036) and higher 28-day mortality (HR: 2.05, 95 % Cl, 1.01-4.23, p = 0.04) in comparison with low risk.

Conclusion: high nutritional risk is related to mortality in SARS-CoV-2 critically ill patients. Overweight and obesity are common in this sample.
More studies are needed to elucidate the impact of nutritional therapy on infection course and outcomes.

Resumen

Introduccion: el riesgo nutricional se asocia a peores desenlaces en los pacientes en estado critico. El objetivo de este estudio es describir la
asociacion entre el riesgo nutricional y los dias de estancia hospitalaria, los dias de ventilacion mecanica y la mortalidad en pacientes infectados
por el SARS-CoV-2.

Métodos: cohorte retrospectiva de pacientes en estado critico bajo ventilacion mecanica invasiva. Se evalué el riesgo nutricional utilizando la
herramienta NUTRIC-Score. Se utilizaron regresiones lineares y logisticas para evaluar la asociacion entre el riesgo nutricional y los desenlaces
clinicos (dias de ventilacion mecanica, dias de estancia hospitalaria y mortalidad hospitalaria). Se utilizaron curvas de Kaplan-Meier para analizar
la sobrevivencia.

Resultados: se incluyeron 112 pacientes, el 39,3 % con diagndstico de sobrepeso y el 47,3 % con obesidad de acuerdo con el IMC. Utilizando
la herramienta NUTRIC-Score, el 66 % tenian riesgo nutricional alto y el 34 % riesgo nutricional bajo. El riesgo nutricional alto se asocio a un
mayor riesgo de mortalidad (OR: 2,4; IC 95 %: 1,06-5,47; p = 0,036) y mayor mortalidad a 28 dias (HR: 2,05; IC 95 %: 1,01-4,23; p = 0,04)
en comparacion con los individuos con riesgo nutricional bajo.

Conclusién: el riesgo nutricional alto se asocia con mortalidad en los pacientes con infeccion por SARS-CoV-2 en estado critico. El sobrepeso y

la obesidad son comunes en este grupo de pacientes. Se necesitan mas estudios que evallen el impacto de la terapia nutricional sobre el curso
de la infeccion y los desenlaces clinicos.
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ILL PATIENTS

BACKGROUND

Over 109 million patients worldwide have been affected by
Coronavirus Disease 2019 (COVID-19), caused by the SARS-
COV-2 virus (1). Studies have shown that approximately 30 %
of hospitalized patients require admission to intensive care units
(ICUs) and ventilatory support (2).

In Latin American countries, 40-60 % of patients are malnour-
ished at the time of hospital admission (3). This condition seems
to impair immune response (4) with increased susceptibility to
infection (5,6), which may have a deleterious impact on length of
stay, days on mechanical ventilation, and in-hospital mortality (7).

Nutrition screening is defined as the process that allows identi-
fying individuals who are at nutritional risk or already malnourished
who would benefit from early nutritional support in order to predict
and prevent adverse clinical outcomes. For this purpose, multiple
nutritional screening tools have been validated in different clinical
settings. However, all of them must be practical, reliable, and quickly
appliable in the first 24-48 hours of hospital admission (7).

NUTRIC-Score was the first designed and standardized tool
for use in critically ill patients. The original score was modified
by excluding IL-6, because of high-cost measurement and low
availability in the clinical setting. Global results showed a positive
association between nutritional provision and survival at 28 days
in patients with a higher NUTRIC-Score. Furthermore, this score
is useful to identify the critically ill patients who will benefit most
from optimal nutritional support (8).

During the COVID-19 pandemic, some authors have reported
an increased prevalence of high nutritional risk in critically and
non-critically il patients from China when using nutrition screen-
ing tools such as NRS-2002 and NUTRIC-Score. Nutritional risk as
identified by these tools has been associated with higher mortality
and longer hospital stay in COVID-19 patients; however, there are
Nno previous reports of associations between nutritional risk and
clinical outcomes in Latin-American countries (9-11).

The aim of this study was to describe the association between
nutritional risk and length of stay, days on mechanical ventilation,
and in-hospital mortality in patients infected with SARS-CoV-2.

METHODS

In a retrospective cohort study, critically ill patients over
18 years of age, with a documented diagnosis of COVID-19,
requiring mechanical ventilation from March 1, 2020 to June
30, 2020 at the National Institute of Respiratory Diseases were
included. This center is a tertiary respiratory-disease exclusive
hospital in Mexico City, Mexico.

ETHICAL CONSIDERATIONS
This study was reviewed and approved by the Institutional

Review Board of the National Institute of Respiratory Diseases
(Register #C51-20).
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DATA COLLECTION

Demographic data included sex, age, height, weight, and
body mass index (BMI). Prescribed drugs with nutritional
implications (steroids, benzodiazepines, opioids, neuromuscu-
lar blocking agents [NBA], sedatives, peripheral nerve blockers,
insulin regimens, and vasopressors), as well as Pa0,/Fi0, ratio,
medical history of non-communicable diseases, and biochem-
ical parameters (acid-base status, electrolytes, glucose, and
lipid levels) during the first 24-48 h of mechanical ventilation
were collected.

NUTRITIONAL RISK ASSESSMENT

The nutritional risk of each patient was calculated using a
modified NUTRIC-Score that includes age, APACHE II, and SOFA
scores at admission, number of comorbidities and pre-ICU hospi-
tal length of stay during the first 48 hours of mechanical ventila-
tion. High nutritional risk was stablished with a score > 5.

CLINICAL ENDPOINTS

The main endpoint was the number of days under mechanical
ventilation. Secondary endpoints included hospital length of stay
(LOS) in-hospital mortality and 28-day mortality.

STATISTICAL ANALYSIS

Categorical variables were expressed as frequency rates (%),
and continuous variables were expressed as means and stand-
ard deviation or median and interquartile range (IQR) values
(P25-P75). Means for continuous variables were compared using
independent group t-test when data were normally distributed
between severe and critically ill groups, or using the Mann-Whit-
ney U-test otherwise. Proportions for categorical variables were
compared using the x? test between two groups. Logistic regres-
sion models and linear regression models were used to analyze
the association between NUTRIC-Score (treated as a categorical
variable) and clinical outcomes (ventilator days, length of stay, and
in-hospital mortality) after sex adjustment. Survival at 28 days
was assessed using Kaplan-Meier curves with log-rank test, and
a Gox proportional hazards model. The statistical analysis was
performed using the packages Stata Intercooled (Version 14, STA-
TA Corporation, College Station, TX, USA) and GraphPad Prism
(GraphPad Software Inc., San Diego, USA). Statistical significance
was defined as p < 0.05.

RESULTS

Atotal of 112 patients on mechanical ventilation were included
in the analysis. The demographic characteristics and clinical fea-
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tures of patients are listed in table |. Average age was 56.1 + 12.6
years, and 34.8 % of the sample was over 60 years. There was a
male predominance overall (71.4 %), and the mean age of females

Table I. Demographics, clinical, and
nutritional characteristics of COVID-19
critically ill patients at the onset of
mechanical ventilation

Total cholesterol (mg/dL)
Lactate (mmol/L)

Glucose (mg/dL)
C-Reactive protein (mg/dL)

n=112

Age, years 56.1 +12.6

> 60 years (%) 39 (34.8 %)
Male gender (%) 80 (71.4 %)
Weight (kg) 80.5+14.5
|deal body weight (kg) 60.8 + 9.4
BMI (kg/m?) 301 +£5.0
Normal weight, 18.5-24.9 kg/m? 13.4 %
Overweight, 25-29.9 kg/m? 39.3%
Obesity, > 30 kg/m? 47.3%
NUTRIC-Score

Low nutritional risk 38 (34 %)

High nutritional risk 74 (66 %)
Comorbidities (%)

Diabetes 38 (34 %)

Hypertension 31 (27.6 %)

Diabetes + hypertension 18 (15.9 %)
Severity of disease

Pa0,/Fi0, ratio 128 (101-162)

SOFA score 92

APACHE Il score 21+5

Acute kidney injury (%) 51 (45.5 %)

Renal replacement therapy (%) 9 (8 %)
Biochemicals

Sodium (mmol/L) 1416 4.6

Potassium (mmol/L) 43+0.6

Magnesium (mg/dL) 23+04

Phosphorus (mg/dL) 39+17

Triglycerides (mg/dL) 268 (201-337)

140 (104-169)
1.5(1.0-2.1)
161 (113-231)
13.7 (7.7-22.1)

Vasopressors

Drugs
Steroids 73 (65.2 %)
Benzodiazepines 85 (76.5 %)
Opioids 101 (91 %)
Neuromuscular blocking agents 85 (76.5 %)
Sedatives (propofol) 50 (45 %)
Peripheral nerve blockade 26 (23.4 %)
Rapid-acting insulin regimen 61 (55 %)
NPH insulin with rapid-acting regimen 36 (32.4 %)

57 (51.3 %)

[. A. Osuna-Padilla et al.

(60.7 + 13.5 years) was higher than that of males (54.3 = 11.9
years; p = 0.01). The average BMI of patients was 30.1 + 5 kg/
m?; 39.3 % were overweight and 47.3 % were obese. The most
common comorbidities were hypertension (n = 31, 27.6 %) and
diabetes (n = 38, 34 %). Based on NUTRIC-Score, 74 (66 %) were
at high nutritional risk and 38 (34 %) were at low nutritional risk.
The mean APACHE Il and SOFA scores were 21 =5and 9 + 2,
respectively. Any degree of acute kidney injury was diagnosed in
45.5 % of patients.

OUTCOMES ASSOCIATED TO NUTRITIONAL
RISK

In- hospital mortality was 48.2 % in the whole sample. Patients
with high nutritional risk had higher mortality than low-risk patients
(p = 0.03). The average LOS was 25 days (IQR, 16-41), and the
duration of mechanical ventilation (MV) was 17 days (QR, 9-27)
in discharged patients (Table Il)

In logistic regression models, high nutritional risk was associ-
ated with increased mortality risk (OR: 2.38, 95 % Cl, 1.06-5.38,
p = 0.036). No associations for hospital length of stay and venti-
lation days were observed (Table IlI).

TWENTY-EIGHT-DAY MORTALITY RISK

A survival analysis at 28 days was performed. A total of 73
patients had been discharged or had died on day 28 (48 with high
nutritional risk and 25 with low nutritional risk). The number of
patients who died on the first 28 days was 33 in the high nutrition
risk group and 11 in the low nutrition risk group. Differences
(p = 0.04) were observed with a higher 28-day mortality in the
group at high nutritional risk (Fig. 1). In the Cox model adjusted
for sex the high nutritional risk group was associated with a higher
28-day mortality (HR: 2.05, 95 % Cl: 1.01-4.23, p = 0.04) when
compared to the low risk group.

DISCUSSION

This study is the first one to describe an association between
nutritional risk and clinical outcomes in Latin-American critically
ill patients with COVID-19. Patients affected by this pandemic
disease are at nutritional risk. According to Liu et al., nutritional
risk is present in 85.8 % of non-critically il patients (11). In crit-
ically ill COVID-19 patients, Zhang et al. reported a prevalence
of high nutritional risk in 61 % of the patients in a retrospective
study with data from three ICUs in Wuhan, China (n = 136). In our
study, we found that 66 % of critically ill COVID-19 patients were
at high nutritional risk according to NUTRIC-Score calculations at
ICU admission, which is similar to the findings by Zhang et al.

Additionally, patients in the study by Zhang et al. were pre-
dominantly elderly, with 63 % of participants being older than 65
years of age, in comparison with only 34.8 % of patients in our

[Nutr Hosp 2021;38(3):540-544]
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Table Il. Clinical outcomes of COVID-19 critically ill patients by nutritional risk
NUTRIC-Score
Outcome Total (n = 112) - - -
High risk (n = 74) Low risk (n = 38) p-value
Mortality (%) 54 (48.2 %) 41 (55.4 %) 13 (34.2 %) 0.03
LOS (days)
Discharged 25 (16-41) 25 (18-41) 25 (16-39) 0.46°
MV (days)
Discharged 17 (9-27) 17 (12-28) 17 (9-25) 0.47°
Died 16 (9-22) 16 (10-22) 12 (7-20) 0.14°

Median (IQR). X test; "Mann-Whitney U-test; LOS: hospital length of stay; MV: mechanical ventilation.

Table lll. Association between high nutritional risk using NUTRIC-Score
and clinical outcomes in COVID-19 patients

Model In-hospital mortality Hospital length of stay (days) Mechanical ventilation (days)
Model 1 OR:2.38,95%Cl, 1.061t05.38,p=0.036 | B:3.4,95%Cl,-4.41t011.3,p=0.38 B:1.8,95%Cl-3.2,6.9,p=0.46
Model 2 OR:2.40,95% Cl,1.05t05.47,p=0.036 | B:3.4,95%Cl,-4.4t011.3,p=0.38 B:1.8,95%Cl,-3.2t0 7.0, p=0.46

Model 1, crude. Model 2, adjusted for sex.

Survival Proportion

Log-rank test=0.04 |
0.0 T T T =4
0 7 14 21 28

28-day mortality

=@ Low nutritional risk

-B- High nutritional risk

Figure 1.

Survival curves for high and low nutritional risk using NUTRIC-Score in critically
il patients with COVID-19.

sample being over the age of 60 years. Hypertension and diabetes
were the most commonly reported comorbidities in both studies.
The prevalences of hypertension and diabetes were 50 % and
41 %, respectively, in the study by Zhang et al., in comparison
with prevalences of 27.6 % and 34 %, respectively, in our study.
Hemodynamic instability with vasopressor requirements and acute
kidney injury (AKI) were present in 51.3 % and 45.5 %, respec-

[Nutr Hosp 2021;38(3):540-544]

tively, of the participants in our study, which does not differ from
the 66 % and 41 % reported by Zhang et al. Older age, multiple
comorbidities, and disease severity contribute to increased nutri-
tional risk detection using tools such as NUTRIC-Score.

Higher nutritional risk was associated with adverse clinical out-
comes in similar patients. Zhao et al. demonstrated in critically ill
patients with COVID-19 that higher nutritional risk (using the NRS
score) was associated with a higher risk of mortality (OR: 2.23,
95 % Cl, 1.10-4.51, p = 0.026); they also did not observe any
association between nutritional risk and LOS (9). Using NUTRIC-
Score in 136 critically ill COVID-19 patients, Zhang et al. reported
a higher mortality in the high nutritional risk group (HR: 2.01, 95 %
Cl, 1.22-3.32, p = 0.006) (10). In our sample, high nutritional
risk was associated with mortality risk (OR: 2.4, 95 % Cl, 1.05-
5.47, p = 0.046); however, we observed a high prevalence of
overweight and obesity in this sample, which may have influenced
the association.

Our study has some limitations. First, all data were obtained
from a single center, which may result in concerns regarding
the generalization of our conclusions. Second, we only assessed
critically ill patients. Third, long-term survival outcomes were
not accessible due to the impact of COVID-19 on the workload
of the nutrition department. More studies are needed to elucidate
the impact of nutritional therapy on nutritional status, infection
course, and clinical outcomes.

CONCLUSION

Nutritional risk is associated with a higher risk of mortality in
critically ill patients with SARS-CoV-2 infection. Further studies
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should be performed to establish an early nutritional intervention
and its impact on the course of this infection.
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Abstract

Background: evidence suggests that exposure to risk factors related to excess body weight is more frequent in the second and third decades
of life. Thus, one of the most propitious environments for the acquisition of habits that can inhibit overweight is the university.

Objective: to identify the frequency of aerobic and strength exercises and of fruit/vegetable intake in university students, and subsequently
establish associations between both health behaviors and excess body weight.

Methods: the sample was comprised of 5,310 university students. An online questionnaire was used to collect the frequency of exercises and
fruit/vegetable intake. The body mass index was used to define body weight status. The data were analyzed statistically by employing a bivariate
analysis and binary logistic regression.

Results: the practice of aerobic and strength exercises was reported by 80.4 % and 51.6 % of the sample, respectively. Only 13 % of the surveyed
university students had an adequate fruit/vegetable intake. The proportion of excess body weight was 39.1 %, the condition being significantly
higher in men. The risk for excess body weight identified in the university students who reported not consuming fruits/vegetables daily was two
to three times higher than in their peers who reported an adequate intake (women: OR = 2.92 [95 % Cl 2.07-4.12]; men: OR = 1.98 [95 % Cl
1.41-3.02]). Exposure to the risk for excess body weight was progressively lower as the reported frequency of aerobic exercise became higher.

Conclusion: these findings suggest the need to promote initiatives aimed at the preparation and implementation of health education and
promotion programs in the university context, through actions of guidance about exercise and food intake that may help to minimize the risks of
onset and development of excess body weight.

Resumen

Antecedentes: las evidencias sugieren que la exposicion a factores de riesgo relacionados con el exceso de peso se produce con mayor fre-
cuencia en la segunda y tercera décadas de la vida. Por lo tanto, uno de los entornos mas propicios para la adquisicion de habitos que puedan
inhibir el sobrepeso es la universidad.

Objetivos: identificar la frecuencia de los ejercicios aerobicos y de fuerza y del consumo de frutas/verduras en estudiantes universitarios, y
posteriormente establecer asociaciones entre los dos comportamientos de salud y el exceso de peso.

Métodos: la muestra estaba compuesta de 5310 estudiantes universitarios. Las frecuencias de los ejercicios fisicos y del consumo de frutas/
verduras se recopilaron mediante la aplicacion de un cuestionario online. El exceso de peso se establecio a partir del indice de masa corporal.
Los datos se analizaron estadisticamente empleando andlisis bivariados y de regresion logistica binaria.

Resultados: la préctica de ejercicios aerdbicos y de fuerza fue relatada por el 80,4 %y el 51,6 % de la muestra, respectivamente. Solamente el
13 % de los estudiantes universitarios presentaron un consumo adecuado de frutas/verduras. La proporcion del exceso de peso fue equivalente
al 39,1 %, siendo dicha proporcion significativamente mas elevada en los hombres. El riesgo de padecer exceso de peso identificado en los
estudiantes universitarios que relataron no consumir frutas/verduras diariamente fue de dos a tres veces mayor que el de sus pares que refirieron
un consumo adecuado (mujeres: OR = 2,92; IC 95 %, 2,07-4,12; hombres: OR = 1,98; IC 95 %, 1,41-3,02). La exposicion al riesgo del exceso
de peso fue progresivamente menor conforme mayor era la frecuencia reportada de ejercicios aerdhicos.

Conclusion: los hallazgos sugieren la necesidad de promover iniciativas dirigidas al disefio e implementacion de programas de educacion y
promocion de la salud en el contexto universitario a través de acciones de orientacion sobre ejercicio fisico y consumo de alimentos que puedan
ayudar a minimizar los riesgos de aparicion y desarrollo del exceso de peso.
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INTRODUCTION

Non-communicable diseases such as cardiovascular diseases,
some types of cancers, respiratory diseases, and diabetes cause
71 % of all deaths globally, and over 85 % in low- and middle-in-
come countries (1). Unhealthy lifestyles characterized by physical
inactivity and inadequate eating habits are seen as the main risk
factors for chronic diseases and premature deaths (2-5). Individ-
ually, they account for a significant amount of preventable deaths
worldwide, with physical inactivity alone claiming 3.2 million annu-
al deaths, and dietary risks 11.3 million (6). The impact of these
individual issues is exacerbated by the interactions with other risk
factors, which further endanger the health of the population. For
instance, physical inactivity, poor diet, and excess body weight
are linked to an increased risk for countless chronic diseases (7).

In this context, overweight and obesity have been an important
factor of concern in the area of public health. Estimates indi-
cate that, in keeping with current trends, in 2030 there will be
approximately 2.2 billion overweight adults worldwide, and more
than 1.1 billion obese people, which should account for 60 %
of the world’s population (8). Particularly in Brazil, a survey carried
out in 2018 reveals that, depending on the region considered,
between 32 % and 59 % of the population over 18 years of age
are overweight or obese (9). This implies higher rates of morbidity
in the population, a significant increase in the need to use medical
services, and a great economic impact on the health system (10).

Evidence suggests that the exposure to risk factors related to
excess body weight is more frequently emerging in the second
and third decades of life (11). Thus, one of the most propitious
environments for the acquisition of habits that can inhibit over-
weight and obesity is the university. University life is where young
people undergo various changes in terms of biological, psycho-
logical, social, and economic changes. When young people enter
university they face numerous challenges, such as being away
from home, adjustment to independent living, the need to estab-
lish new friendships in addition to coping with higher-level studies
and academic stress (12). Moreover, researchers have shown
that the academic years lead to major changes in risk behaviors
such as decreased levels of physical activity and inadequate
eating habits (13). These unhealthy behaviors represent a nega-
tive impact not only during the academic cycle but may continue
after the university period, becoming highly detrimental in adult
age (14).

Thus, investigating physical activity and eating habits in the
academic environment can help in detecting the most vulnera-
ble groups to overweight and obesity, and provide interventions
aimed at reducing exposure to excess body weight. In Brazil few
studies have sought to investigate physical activity, eating habits,
and their association with variations of body weight in represen-
tative samples of the university population, leaving an important
gap in knowledge in the area. The few studies identified so far
have focused on exclusive samples of specific courses from a
single institution and with participants selected for convenience
or another non-probabilistic method (15-17). Most studies on the
topic among college students were conducted in developed coun-

D. P. Guedes and A. L. S. Silva

tries (11,18-21), and tend to show findings and perspectives that
are different from those of developing countries.

Therefore, the objective of this study was to identify the fre-
quency of practice of aerobic and strength exercises and of fruit/
vegetable intake in university students in the State of Parang,
Southern Brazil, and subsequently establish associations between
both health behaviors and excess body weight.

METHODS

This is a cutout of the University Promoting Health Project, a
population-based cross-sectional study designed and implement-
ed by the Federal Technological University of Parana (UTFPR). To
illustrate the size of the population universe addressed, the UTFPR
attends approximately 30 thousand university students in 105
courses, distributed over 13 campuses located in cities of different
geographic regions of the State of Parand, Brazil.

SAMPLE

The sample size was established assuming a prevalence of
unknown success (p = 50 %), 95 % confidence level, and sam-
pling error of three percentage points. However, considering that
the sample planning involved a cluster, the design effect was
defined to three, adding 20 % to address possible losses during
data collection, thus initially foreseeing a minimum sample of five
thousand university students. However, the final sample used in
the treatment of the collected information comprised 5,310 uni-
versity students. The composition of the sample was the result
of stratified random sampling involving a three-stage cluster:
campuses, course, and course year, with probability proportional
to size.

DATA COLLECTION

The data were collected between September and Novem-
ber 2018. The information about the frequency of aerobic and
strength exercises, and of fruit/vegetable intake were obtained
through the online questionnaire known as the National College
Health Assessment Il (NCHA lic) as translated, adapted, and vali-
dated for use in the Brazilian university population (22), with addi-
tional questions about demographic data including gender, age,
marital status, housing type, and course year. The reliability and
validity of the Brazilian version of the NCHA llc questionnaire were
originally confirmed through psychometric properties equivalent to
Cronbach'’s alpha, indicators of confirmatory factor analysis, factor
invariance, and kappa agreement index (23).

The NCHA-lIc involves questions about health-risk and protective
behavior, including seven sections: a) health, health education, and
safety; b) alcohol, tobacco, and other drug use; ¢) sex behavior and
contraception; d) weight, nutrition, and exercise; €) mental health;
f) physical health; and g) impediments to academic performance
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(24,25). However, the present study used data made available
specifically in the “weight, nutrition, and exercise” section. In this
case, our university students reported the frequency with which
they practiced aerobic and strength exercises, and consumed fruits/
vegetables using the week prior to data collection as their reference.

Based on the frequency of aerobic and strength exercises
the following indicators were adopted: no practice; low level of
practice for frequencies equivalent to 1-2 days/week; moderate
level of practice for frequencies equivalent to 3-4 days/week;
and high level of practice for frequencies equivalent to > 5 days/
week. Regarding the fruit/vegetable intake reported by universi-
ty students, according to the recommendations from the World
Health Organization (26) the following indicators were taken into
consideration: no intake; low intake for frequencies equivalent to
1-2 servings/day; moderate intake for frequencies equivalent
to 3-4 servings/day; and adequate intake for frequencies equiv-
alent to > 5 servings/day.

In terms of body weight status, body mass index (BMI) was cal-
culated through the ratio between body mass in kilograms and
the square of height in meters (kg/m?. The measures of body
weight and height were self-reported by the university students
when answering the questions: a) What is your body weight in kilo-
grams? and b) What is your height in meters? Based on these BMI
values, the body weight status of university students was obtained
from the cut-off points recommended by the World Health Organi-
zation (27), considering the following four strata: low body weight
(BMI < 20 kg/m?), eutrophic (20 kg/m?< BMI < 25 kg/m?), over-
weight (25 kg/m?< BMI < 30 kg/m?), and obesity (BMI > 30 kg/m?).

We visited the classrooms selected for the study and explained
the objectives of the research and the principles of secrecy,
non-identification, and non-influence on academic performance to
the university students. We then invited them to participate in the
study and those who initially agreed received individual guidelines
and a password to access the electronic platform, thus confirming
anonymity. We instructed the participants on how to access the
platform and self-complete the questionnaire within a deadline of
seven days after releasing the individual password. The rights
of all participants were guaranteed by a Free and Informed Con-
sent Term signed by an electronic procedure before the initiation
of the NCHA lic self-completion process in the online format.

The exclusion criteria for any university student belonging to
the selected classroom included: a) absence from classes on the
day scheduled for the invitation to participate in the study and
the distribution of the individual password to access the electronic
platform; b) refusal to participate in the study; ¢) being subjected
to any specific medical treatment or diet; d) pregnancy; e) failure
to complete the questionnaire on the electronic platform within
seven days, and f) age under 18 or over 35 years.

STATISTICAL ANALYSIS
The data were processed using the computerized Statistical

Package for the Social Sciences (SPSS®, version 24). The exact
proportions and respective confidence intervals (95 % Cls) of indi-
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cators associated with the aerobic and strength exercises, and
with fruit/vegetable intake, stratified according to demographic
data and nutritional status, were identified. Statistical differenc-
es between the strata under investigation were analyzed with a
table of contingencies and the chi-square non-parametric test
(?). Established through binary logistic regression, odds ratios
(ORs) were calculated to identify associations between excess
body weight and indicators of exercise and fruit/vegetable intake.
Models were established separately for each sex, and controlled
for age, marital status, housing type, and course year.

RESULTS

Table | provides descriptive data on the sample selected for
the study. Approximately one-third of the sample were women
(38.2 %) and 39.1 % were aged between 21 and 25 years. At
the time of data collection, 78.2 % of the university students
were single, 24.2 % lived in students residences, and 52.8 %
lived with their families. Regarding the course years, 32.1 of the
university students who participated in this study were in the first
year of study and 31.5 % in the last year. Moreover, 39.1 %
of the sample selected had excessive body weight, with higher
proportions of overweight and obesity among men (35.5 % and
12.1 %, respectively), whereas low body weight totaled 15.1 %
of the sample, with a higher proportion among women (26.5 %).

The statistical information about the frequency of aerobic and
strength exercises is shown in tables Il and Ill. The proportion of
university students selected in this study who reported not prac-
ticing any type of aerobic exercise during the week prior to the
data collection was 19.6 % [95 % Cl, 18.2 to 21.1]. In contrast,
approximately half (48.4 % [95 % Cl, 45.2 to 51.7]) of our uni-
versity students reported practicing no strength exercises. When
the 2 values were analyzed, males reported a higher weekly fre-
quency of exercise, especially when this frequency was > 5 times/
week (aerobic exercises [y>= 19.29; p < 0.001] and strength
exercises [y>= 18.63; p < 0.001]). With the advance of age,
the proportion of university students who did not practice any
aerobic exercises (x2= 40.41; p < 0.001) or strength exercis-
es (x?=59.48; p < 0.001) tended to increase significantly. In
contrast, a significantly higher proportion of university students
aged < 20 years reported a frequency > 5 times/week for aer-
obic exercises (x2= 18.74; p < 0.001) and strength exercises
(>=20.04; p < 0.001).

In terms of marital status, a significantly greater proportion of
married university students reported performing no aerobic exer-
cises (x>= 25.76; p < 0.001) or strength exercises (x> = 45.62;
p < 0.001), whereas those who said that they lived in a students
residence exercised less frequently than those others who report-
ed living with their family. Furthermore, the results revealed a
statistically significant trend towards a reduction in the frequen-
cy of exercise with the advance of course years, especially for
strength exercises.

Body weight status was closely associated with the frequen-
cy of exercise among university students. The findings from this
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Table I. Demographic data and body weight status of the sample analyzed in the study

Female Men Both genders
n = 2,029 (38.2 %) n = 3,281 (61.8 %) n = 5,310 (100 %)

Age

< 20 years 564 (27.8 %) 979 (29.8 %) 1,543 (29.1 %)

21-25 years 854 (42.1 %) 1,224 (37.3 %) 2,078 (39.1 %)

> 26 years 611 (30.1 %) 1,078 (32.9 %) 1,689 (31.8 %)
Marital status

Single 1,494 (73.6 %) 2,658 (81.0 %) 4,152 (78.2 %)

Married/Partnered 535 (26.4 %) 623 (19.0 %) 1,158 (21.8 %)
Housing type

Student residence 377 (18.6 %) 908 (27.7 %) 1,285 (24.2 %)

Parent’s home 1,242 (61.2 %) 1,562 (47.6 %) 2,804 (52.8 %)

Homestay 363 (17.9 %) 731 (22.3 %) 1,094 (20.6 %)

Alone 47 (2.3 %) 80 (2.4 %) 127 (2.4 %)
Course year

1t 694 (34.2 %) 1010 (30.8 %) 1,704 (32.1 %)

2nd-3rd 753 (37.1 %) 1180 (36.0 %) 1,933 (36.4 %)

4™ or more 582 (28.7 %) 1091 (33.2 %) 1,673 (31.5 %)
Body weight status

Low body weight 538 (26.5 %) 266 (8.1 %) 804 (15.1 %)

Eutrophic 980 (48.3 %) 1,453 (44.3 %) 2,433 (45.8 %)

Overweight 369 (18.2 %) 1,165 (35.5 %) 1,534 (28.9 %)

Obesity 142 (7.0 %) 397 (12.1 %) 539 (10.2 %)

study enable one to infer that the frequency with which university
students reported practicing both types of exercise is inversely
proportional to their nutritional status. Thus, 31.4 % [95 % Cl,
28.9 to 34.0] of eutrophic students reported practicing aerobic
exercises > 5 times/week, compared to 5.7 % [95 % Cl, 5.2
to 6.4] of those categorized as obese (2= 31.86; p < 0.001).
Moreover, 19.4 % [95 % Cl, 18.0 to 21.0] of eutrophic students
reported practicing strength exercises with the same weekly fre-
quency, while only 2.2 % [95 % Cl, 1.9 to 2.7] of obese students
reported an identical frequency (x?= 22.31; p < 0.001).

Based on the information shown in table IV, 20.7 % [95 %
Cl, 19.1 to 22.4] of the university students selected for this
study reported a moderate frequency, and only 13.0 % [95 %
Cl, 12.1 to 14.2] mentioned an adequate frequency of fruit/
vegetable intake. In contrast, 51.8 % [95 % CI, 48.4 t0 55.3]
and 14.5 % [95 % CI, 13.4 to 15.8] of students reported a
low or nil frequency of fruit/vegetable intake, respectively. The
adequate proportion of frequency of fruit/vegetable intake was
higher in female (2= 17.98; p < 0.001), and increased with
age (x2=6.38; p = 0.024) and in the strata that included mar-
ried students (y>= 14.52; p < 0.001) and those who lived with
their family (x>= 13.03; p < 0.001). Additionally, the adequate
frequency of fruit/vegetable intake was significantly higher with
the advance in course year (= 5.98; p = 0.021). With regard
to nutritional status, a significantly lower proportion of students

categorized with excess body weight (overweight and obese)
reported an adequate frequency of fruit/vegetable intake when
compared to those who were eutrophic or had low body weight
(x*=14.23; p < 0.001).

Table V shows the associations between exercise, fruit/veg-
etable intake, and variations in the occurrence of excess body
weight found in the sample selected. Through the analysis of
odds ratio values, considering that adjustments will be made for
the remaining variables in the study, the estimates found in both
sexes indicated that the exposure to risk of excess body weight
was inversely proportional to the frequencies of aerobic exercis-
es. Compared to individuals who performed exercise > 5 days/
week, men who reported not practicing this type of exercise had
double the risk of excess body weight (OR = 2.05 [95 % Cl, 1.59
to 3.25], whereas the same risk for women was one and a half
times (OR = 1.56 [95 % Cl, 1.16 to 2.18]).

Regarding strength exercises, significant associations were
found for the frequencies of practice of 3-4 days/week. In this
case, there was a lower risk for the presence of excess body
weight equivalent to 68 % and 62 % among both women and
men, respectively (females — OR = 0.68 [95 % Cl, 0.44 to 0.98];
males — OR = 0.62 [95 % Cl, 0.35 to 0.97]). The remaining
situations of frequency of practice of strength exercises did not
indicate statistically significant associations with the variations in
the presence of excess body weight.
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Table Il. Proportion (95 % CI) of aerobic exercise practice, with stratification
for demographic data and body weight status, among university students
No practice 1-2 days/week 3-4 days/week > 5 days/week
Overall 19.6 (18.2-21.1) 29.9 (27.5-32.4) 26.4 (24.3-28.6) 24.1 (22.0-26.3)
2=18.28; 2=22.38; 2=20.87; 2=19.29;
Gender );a < 0?00? )iy <0. 035’ );) < 0.00g1’ )27 < 0.900?
Female 257 (23.6-27.8) 37.8 (34.8-40.9) 19.1 (17.7-20.6) 17.4(16.2-18.7)
Male 15.8 (14.6-17.1) 25.0 (22.9-27.2) 30.9 (28.4-33.5) 28.3 (26.1-30.6)
Jge ¥2=40.41; ¥2=19.23 ¥2=23.48; y2=18.74;
p<0.001 p < 0.001 p<0.001 p<0.001
< 20 years 5.7 (5.2-6.4) 33.2 (30.5-36.0) 31.9 (29.3-34.6) 29.2 (26.9-31.6)
21-25 years 18.4 (17.1-19.8) 30.7 (28.2-33.3) 26.1 (23.9-28.4) 24.8 (22.7-27.0)
> 26 years 36.5 (33.5-39.6) 23.9 (21.9-26.1) 20.3(18.8-21.9) 19.3 (17.9-20.8)
. 2=2b.76; 2=10.78; 2=4.89; ’=8.81,
Warlta satus o< 0001 b <0001 b— 0046 b <000
Single 16.3(15.1-17.6) 31.5(28.9-34.2) 26.8 (24.6-29.1) 25.4 (23.3-27.6)
Married/Partnered 34.4 (31.6-37.3) 24.2 (22.1-26.4) 21.8 (20.0-23.7) 19.6 (18.1-21.2)
2 . 2 . 2 . 2 .
passig e o <o0r b <000 oot b o0
Students residence 30.9 (28.4-33.5) 26.0 (23.8-28.3) 22.1(20.3-24.0) 21.0 (19.4-22.7)
Parent’s home 11.8(10.9-12.8) 33.2 (30.5-36.0) 28.2 (26.0-30.5) 26.8 (24.6-29.1)
Homestay 31.7 (29.1-34.4) 25.6 (23.5-27.8) 21.9(20.1-23.8) 20.8 (19.2-22.5)
Alone 24.3 (22.3-26.4) 28.5 (26.2-30.9) 24.1(22.1-26.2) 23.1(21.1-25.2)
2 . 2 . 2 _ . 2 B
cose e oo o o o
1t 11.4(10.6-12.3) 32.6 (29.9-36.4) 28.7 (26.4-31.1) 27.3(25.0-29.7)
2nd-3rd 19.7 (18.2-21.3) 29.6 (27.2-32.1) 26.0 (23.9-28.2) 24.7 (22.6-26.9)
4™ or more 27.8 (25.6-30.1) 27.2 (25.0-29.3) 23.1(21.1-25.2) 21.9(20.1-23.8)
. ?=56.38; ?=6.83; 2= 26.84; 2= 31.86;
Body weight status );J < 2.60?)? z - 55739 );7 < 0.60i1 )i) < 3.023
Low body weight 10.1(9.7-11.0) 32.1(29.5-34.8) 29.6 (27.2-32.1) 28.2 (26.0-30.5)
Eutrophic 8.7 (7.9-9.6) 27.4 (25.2-29.8) 32.5(29.8-35.3) 31.4 (28.9-34.0)
Overweight 28.9 (26.6-31.3) 32.8 (30.1-35.6) 20.7 (19.1-22.4) 17.6 (16.3-19.0)
Obesity 56.2 (52.5-60.1) 25.9 (23.7-28.2) 12.2 (11.3-13.2) 5.7 (5.2-6.4)
The risk of excess body weight, regardless of the simultaneous DISCUSSION

contribution of age, marital status, housing type, course year, and

exercise, was increasingly higher in parallel with the reduction in
the frequency of fruit/vegetable intake. Compared to those who
mentioned an intake of > 5 servings/day, the women who reported
not consuming fruits/vegetables were approximately three times
more likely to have excess body weight (OR = 2.92 [95 % Cl, 2.07
to 4.12]). Among males, this proportion was nearly two times high-
er (OR =1.98 [95 % Cl, 1.41 to 3.02]). Moreover, the exposure
to the risk of excess body weight among the university students
who reported a frequency of fruit/vegetable intake equivalent to
1-2 portions/day remained significant in both sexes (females —
OR =1.97[95 % Cl, 1.31 t0 2.96]; males — OR = 1.54 [95 %

Cl, 1.07 to 2.43]).
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Initially, the present study aimed to identify specific information
about the frequency of practice of aerobic and strength exercis-
es, and of fruit/vegetable intake in a representative sample of
Brazilian university students. Subsequently, it sought to establish
possible associations between both health behaviors and the
occurrence of excess body weight (overweight + obesity), adjusted
for control variables.

The specialized literature includes few cases of popula-
tion-based studies that deal with the frequency of exercise and
food intake. Furthermore, there is no consensus regarding the
measurement instruments to be used to estimate these types

of health behavior among these studies. Differences in sample
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Table Ill. Proportion (95 % CI) of strength exercise practice, with stratification
for demographic data and body weight status, among university students

No practice 1-2 days/week 3-4 days/week > 5 days/week
Overall 48.4 (45.2-51.7) 203 (18.8-21.9) 16.8 (15.6-18.2) 14.5 (13.5-15.7)
conder 1= 32.68; 1= 3.98: = 16.73; = 18.63;

p <0.001 p=0.109 p < 0.001 p < 0.001
Female 60.8 (56.6-65.1) 221 (20.3-24.0) 11.2(10.4-12.2) 5.9 (5.4-6.7)
Male 407 (37.6-43.9) 19.2 (17.8-20.7) 20.3 (18.8-22.0) 19.8 (18.3-21.5)

Ago = 59.48; = 25.80; = 22.79; = 20.04;

p <0.001 p < 0.001 p < 0.001 p < 0.001
<20 years 28.1 (25.9-40.4) 28.3 (26.1-30.6) 23.4 (21.4-25.6) 202 (18.7-21.9)
21-25 years 38.4 (35.4-41.5) 24.2 (22.1-26.4) 20.1(18.6-21.8) 17.3(16.1-18.7)
> 26 years 79.3 (74.7-84.1) 8.2 (7.5-9.1) 6.7 (6.1-7.6) 5.8 (5.3-6.6)

. = 45.62; = 19.82: = 17.05; = 14.89;
Marital status p <0.001 p <0.001 p < 0.001 p < 0.001
Single 405 (37.4-43.7) 23.8 (21.7-26.0) 19.2(17.8-20.8) 16.5(15.3-17.9)
Married/Partnered 727 (68.2-77.3) 10.3(05-11.3) 9.7 (8.9-10.7) 73(6.7-82)
. = 12.48; = 561; =383 = 4.10;
Housing type p < 0.001 p =0.034 p=0121 p=0084
Students residence 553 (51.8-58.9) 17.4 (16.2-18.7) 14.6 (13.5-15.9) 127 (11.8-13.9)
Parent's home 419 (38.8-45.1) 22,9 (20.9-25.0) 18.9 (17.5-20.5) 163 (15.1-17.7)
Homestay 54.3 (50.7-58.0) 18.1 (16.8-19.5) 15.1 (14.0-16.4) 12.5(11.6-13.6)
Alone 50.6 (47.3-54.0) 19.5 (18.0-21.1) 16.0 (14.8-17.4) 13.9 (12.9-15.1)
2= 48.38; o= 22.42: = 17.54; = 14.78;
Course year p <0.001 p <0.001 p < 0.001 p < 0.001
1 33.4 (30.7-36.2) 26.2 (24.1-28.4) 217 (19.9-23.6) 18.7 (17.3-20.3)
o3 42.7 (39.6-45.9) 227 (20.7-24.8) 18.2(16.9-19.7) 16.4 (15.2-17.8)
4" or more 68.9 (64.5-73.4) 11.7 (10.8-12.8) 10.2 9.4-11.2) 8.1 (7.4-9.1)
. 1= 50.69; A= 6.34; = 21.98; = 22.31;
Body weight status p <0.001 p=0015 p < 0.001 p < 0.001
Low body weight 475 (44.3-50.8) 221 (20.3-24.0) 16.4 (15.2-17.8) 141 (13.1-15.3)
Futrophic 38.9 (35.9-42.0) 19.2 (17.8-20.7) 225 (20.5-24.7) 19.4 (18.0-21.0)
Overweight 57.3 (53.5-60.2) 18,5 (17.1-20.1) 13.0 (12.1-14.1) 11.2(10.4-12.3)
Obesity 769 (72.3-817) 15.4 (14.3-16.6) 5.5 (5.0-6.3) 22(1.9-2.7)

composition and selection procedures must also be taken into
consideration as factors that hinder comparative analyses.

When the information about the frequency of exercise report-
ed by university students was analyzed, the results showed a
trend towards a reduction with age and towards men being more
committed to their practice, as compared to women. Although
certain differences in type of exercise can be found, the studies
available in the literature agree that this practice tends to be
negatively associated with age, especially beginning in the last
years of adolescence (28,29). Although several studies have
sought to identify the reasons for such decrease, the proportion
of the contribution of biological and environmental factors and
their interaction to the reduction in exercise with age remains
unclear.

Previous studies showed that adult males exercise more fre-
quently than females (30), corroborating the results found in the
present study. However, if, on the one hand, the practice of aerobic
and strength exercises predominated in women and men, on the
other hand, there were important differences in the distribution
of frequency of aerobic and strength exercises between sexes.
Among young adults, the ratios to identify differences in physical
activity between women and men are not clear. However, some
studies have revealed the existence of a combination of socio-cul-
tural and biological factors with the potential to encourage both
sexes to practice exercise. The greater involvement with exercise
shown by men can be partly explained by the fact that males are
encouraged to practice highly physical activities since an early
age, whereas women are directed towards activities that are more
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Table IV. Proportion (95 % CI) of fruit/vegetable intake, with stratification for demographic
data and body weight status, among university students

No intake Low intake' Moderate intake? Adequate intake®
Overall 14.5 (13.4-15.8) 51.8 (48.4-55.3) 207 (19.1-22.4) 13.0 (12.1-14.2)
conder 2= 19.06; = 49.87: = 48.07 = 17.98;

p <0.001 p < 0.001 p < 0.001 p <0.001
Female 6.2 (5.7-7.0) 38.9 (35.8-42.1) 33.7 (30.9-36.6) 21.2(19.6-23.0)
Male 19.6(18.1-21.3) 59.8 (55.6-64.1) 12.7 (11.8-13.9) 7.9(7.2-9.0)

Ago = 23,87 = 5.49; = 14.79; = 6.38;

p <0.001 p=0038 p <0.001 p=0024
< 20 years 235 (21.4-25.7) 48.4 (45.2-517) 16.2 (15.0-17.6) 11.9 (1.0-13.1)
21-25 years 16.9(15.7-18.3) 52.6 (49.1-56.2) 19.9 (18.4-21.6) 10.6 (9.8-11.8)
> 26 years 47 (4.2-5.6) 53.8 (50.2-57.5) 25.0 (22.9-27.3) 16.5 (15.3-18.0)

. = 1352, = 22.32: = 21.84; = 14.52
Marital status p <0.001 p <0.001 p < 0.001 p <0.001
Single 16.6 (15.4-18.0) 551 (51.6-58.8) 17.5(16.2-19.0) 10.8(10.0-11.9)
Married/Partnered 716579 30,8 (36.7-43.0) 32.3(29.7-35.1) 20.8 (19.2-22.6)
. = 15.73; 2= 41.08; = 39.81; = 13.03;
Housing type p <0.001 p <0.001 p < 0.001 p <0.001
Students residence 210 (19.4-22.8) 58.7 (54.6-62.9) 12.4 (11.5-13.6) 7.9(7.2-90)
Parent's home 9.2 8.4-10.2) 43.8 (40.7-47.0) 291 (26.8-31.6) 17.9(16.6-19.5)
Homestay 19.4(18.0-21.0) 62.3 (58.0-66.7) 10.2 0.4-11.3) 8.1 (7.4-9.2)
Alone 203 (18.8-22.0) 54.5 (50.9-58.2) 15.5 (14.3-16.9) 9.7 8.9-10.9)
=643, = 16.42: = 13.49; =598,
Course year p=0014 p <0.001 p < 0.001 p=0021
1 104 (9.6-11.5) 45.6 (42.4-48.9) 26.7 (24.5-29.1) 17.3(16.1-18.8)
o3 17.2(16.0-18.6) 53.3 (49.8-56.9) 18.1 (16.8-19.7) 11.4 (10.6-12.6)
4" or more 16.4 (15.2-17.7) 555 (51.8-59.3) 17.6(16.3-19.2) 1050.7-11.7)
. P = 22.54; = 39.78; = 18.41; = 14.03;
Body weight status p < 0.001 p < 0.001 p < 0.001 p < 0.001
Low body weight 101 (9.3-11.2) 50.6 (47.3-54.0) 24.2 (22.1-26.5) 15.1 (14.0-16.5)
Futrophic 10.7 (0.9-11.8) 441 (41.0-473) 27.3(25.1-29.7) 17.9(16.6-19.5)
Overweight 18.1 (16.8-19.7) 63.9 (59.6-68.3) 11.1 (10.2-12.4) 6.9 (6.37.9)
Obesity 207 (27.5-32.2) 55.3 (51.4-59.0) 9.2 (8.4-10.4) 5.8 (5.3-6.7)

"Frequency of intake equivalent to 1-2 servings/day. *Frequency of intake equivalent to 3-4 servings/day. °Frequency of intake equivalent to > 5 servings/day.

physically passive. Likewise, the more effective participation of
men in the practice of exercise can be the result of the greater
positive reinforcement and promotion of such practice received
by them since childhood (28).

Another possible explanation for the lower participation of
women in exercise is the different concept of body, capacity, and
attitude required to make more intense physical efforts. From
a socio-cultural perspective, the concept of body which is usu-
ally associated with physical activity is not adjusted to current
female models of corporeality. Effectively, in modern times, the
ideal female body is characterized by grace, elegance, beauty, and
relative fragility, which does not seem to adjust to the image of a
body involved with physical efforts. This factor can cause women
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to show some reservations concerning the possibility of practicing
exercise, as this may affect their femininity (31).

In addition to socio-cultural factors, differences in the practice
of exercise between sexes can be equally due to biological factors.
Lower muscle resistance and strength, higher level of body fat,
greater diameter and depth of the pelvic area, and discomfort
during menstruation could be good reasons for women’s lower
involvement with exercise (32). The presence of sexual dimor-
phism should be seriously considered by managers of interven-
tion programs in public health, especially aiming to eliminate
social prejudices against the participation of women in the prac-
tice of exercise, which are culturally emphasized and valued from
an individual perspective.
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Table V. Odds ratios and respective confidence intervals (95 % CI) for the association
between excess body weight (overweight + obesity) and frequency of exercise

and fruit/vegetable intake among university students

Female Male
OR Adjusted (95 % CI) p-value OR Adjusted (95 % CI) p-value
Aerobic exercise
> 5 days/week Reference Reference
e poeE | | S o
No practice 1.56 (1.16-2.18) 2.05 (1.59-3.25)
Strength exercise
> 5 days/week Reference Reference
3-4 days/week 0.68 (0.44-0.98) 0,037 0.62 (0.35-0.97) 0.041
1-2 days/week 0.92 (0.64-1.37) 0.84 (0.51-1.44) '
No practice 1.18 (0.85-1.72) 1.17 (0.69-1.98)
Fruit/vegetable intake
> 5 servings/day Reference Reference
e Toioigs | 0T | Vanorse | 0
No intake 2.92 (2.07-4.12) 1.98 (1.41-3.02)

Values adjusted for age, marital status, housing type, course year, and/or frequency of fruit/vegetable intake and exercise.

The high proportions of university students who reported not
performing aerobic and strength exercises were one of the alarm-
ing findings. Previous studies showed that, apart from being an
important factor that predisposes young adults to organic and
psychological disorders, the risk of insufficient and inadequate
physical activity tends to increase with age. This suggests a higher
possibility that such behavior, harmful to health, will remain during
more advanced adult stages of life (28).

Regarding the frequency of fruit/vegetable intake, the results
found showed that only 13 % of the study sample met the rec-
ommendations for adequate intake (> 5 portions/day). Although
possible methodological differences and influences resulting from
cultural characteristics, climate, and food production and com-
mercialization conditions can be found, this result corroborates
previous estimates found in studies involving the Brazilian popula-
tion in general and, more specifically, the population of university
students (15-17). However, this was significantly lower than the
findings of studies performed in developed countries (18,19). In
this sense, assuming that the eating habit is one of the priority
actions in the thematic agenda of public health, in view of the
results found, there is the great challenge of education and health
promotion in our reality.

Consistent with the results found in Brazilian studies (9,15-17)
and different regions worldwide (18,19,21), the frequency of fruit/
vegetable intake was higher among women and older university
students. In fact, culturally speaking, a greater interest in ques-
tions related to diet, health, and beauty generates more concern
about the consumption of low-calorie foods, which can have a

positive influence on women’s eating habits (33), thus justifying
the differences in fruit/vegetable intake between genders. The
higher fruit/vegetable intake found in older university students
may be analyzed as a result of differences in the formation of eat-
ing habits in younger generations. In theory, this should consider
the fact that they are more exposed to the eating pattern that pre-
dominates in modern society, which includes a larger amount of
processed foods and high levels of fat and sugar, to the detriment
of vegetable foods. Healthier eating habits at more advanced ages
can also be associated with greater concern and health care and,
consequently, older subjects may follow the instructions provided
by health professionals in a more effective way.

The association between frequency of fruit/vegetable intake and
marital status, housing type, and university course year found in
the present study is in agreement with some findings from the
literature (9,15-21). In this sense, possible causal mechanisms
must be taken into consideration when seeking an explanation
for this association, as is the case of knowledge about nutrition
and motivation to adopt a healthy diet. In fact, marketing and
educational nutrition interventions are actions that have proven
highly effective in the search for a healthier diet (34).

Regarding excess body weight, in general, it could be observed
that its occurrence was higher than identified in university stu-
dents from middle income and emerging economy countries (11);
however, lower than found in the United States (35) and similar
to the rates reported in some European countries (19,20). The
results indicate that excess body weight was more prevalent in
men, coinciding with the findings from certain studies (19,20,35);
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however, this diverges from other studies that show similarities
between both sexes (11). In this case, the differences found
among studies can probably be attributed to the variousl criteria
used to define excess body weight, since there is no consensus
regarding the use of only one criterion.

Anather finding from the present study was the statistically sig-
nificant and inverse association between frequency of exercise and
fruit/vegetable intake, and excess body weight as identified in both
sexes. It should be emphasized that both outcomes remained sig-
nificantly associated, even after adjustments were made for control
variables. In this case, the lower risk of exposure for the occurrence
of excess body weight among those university students who most
frequently perform exercise and consume fruits/vegetables is con-
sistent with the evidence shown by other studies involving different
experimental designs and statistical treatments (19).

Fruit/vegetable intake with an adequate frequency influences
the occurrence of excess body weight through a specific effect
on the greater proportion of complex carbohydrates and insoluble
fibers found in plant foods, causing an increase in satiety and a
reduction in the caloric support of food intake. Contrary to diets
in which manufactured products and high levels of fat and sugar
predominate, diets with a more frequent fruit/vegetable intake
tend to show lower amounts of simple carbohydrates and fats,
which is inversely associated with greater calorie intake, a known
component of excess body weight (36).

Among the limitations of the study, it is noteworthy that the
investigation method employed involves self-reported respons-
es, thus allowing for possible memory biases or even biased
statements towards the desirable. However, self-reporting is the
current procedure in studies such as this one, as it is the most
viable way to gather data in population-based surveys. Normally,
certain procedures minimize this limitation, which are also adopt-
ed here: anonymous questionnaire, voluntary participation, filling
out the questionnaire without the presence of the researchers, and
the guarantee of the confidential nature of the information pro-
vided. Besides, the larger sample size allows for minimizing any
inaccuracy of the calculated estimates in some way. Additionally,
the cross-sectional approach to data does not allow inferences of
causality in the associations due to the outcomes and the inde-
pendent variables that can be modified having been identified
simultaneously, increasing the risk of a reverse causality bias.
Therefore, the identified associations should not be considered
conclusive, and further longitudinal studies are needed to address
this limitation, which are currently being conducted by the authors
of this manuscript. Another limitation refers to the adequate
fruit/vegetable intake being > 5 servings/day, instead of being
expressed in grams or size of portions consumed. Nonetheless,
the measure of the frequency of food intake, without considering
the size of portions, is very common in the international (18,21)
and national literature (15-17).

The main strengths of the study relate to the concept, design,
and conduct of the University Health Promoter project. The project
meets a comprehensive cultural and geographic diversity, and
provides robust and up-to-date data on exercise, fruit/vegetable
intake, and weight status of university students from a represen-
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tative state in southern Brazil, which allows for the generalization
of its results to a larger population universe. Its findings may add
new evidence to the scarce body of knowledge about the asso-
ciation of exercise and fruit/vegetable intake with weight status,
considering that studies involving Brazilian university students and
those from other regions in the world are rare. Since this popula-
tion is composed of young adults, it is important to identify these
associations and to invest heavily in the prevention and control of
excess body weight. Regarding the methodology used, possible
seasonal interferences in the reports of university students were
minimized as data collection was carried out over a short period
(three months) and within the same season of the year (spring),
which, along with a minimum refusal rate to participate in the
study, ensures more reliability to the findings.

CONCLUSIONS

The results found in this study mainly point to habits of exer-
cise and fruit/vegetable intake that do not meet current recom-
mendations. Approximately one third of the university students
included in the sample showed excess body weight. Variations
in the occurrence of excess body weight was inversely and sig-
nificantly associated with a higher frequency of aerobic exercise
and fruit/vegetable intake. In the case of strength exercises, lower
chances of university students being categorized with excessive
body weight occurred with a frequency of practice equivalent to
3-4 days/week. These findings indicate there is a need to pro-
mote initiatives aimed at the preparation and implementation of
health education and promotion programs in the university con-
text, through actions of guidance on exercise and food intake
that can help to minimize the risks of onset and development of
excess body weight.
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Abstract

Almost every country worldwide suffers from one or more types of malnutrition. Mobile technology (mHealth) interventions seem to represent a
promising approach to this problem because they help share information about healthy eating patterns, offer motivation for behavioral change,
etc. From this perspective we introduce a theoretical model that attempts to explain the gap that currently prevails between the elements involved
in the development of nutritional mHealth strategies (which we have called the Great GApp). Evidence tells us that it is necessary to consider all
the parts involved to ensure positive outcomes of an mHealth-based nutritional intervention: patients, health care providers, and stakeholders
(technological companies). If these elements are not considered in the design of mHealth strategies a Great GApp arises, which may lead to lack
of adherence to the proposed change, and decrease the potential for improving the quality of health outcomes.

Resumen

Casi todos los paises del mundo sufren uno 0 mas tipos de malnutricion. Las intervenciones con tecnologia mévil (mHealth) parecen repre-
sentar un enfoque prometedor para este problema porque son Utiles para compartir informacion sobre patrones de alimentacion saludable
y ofrecer motivacion para el cambio de comportamiento, entre otras posibilidades. Desde esta perspectiva, introducimos un modelo tedrico
que intenta explicar la brecha que prevalece actualmente entre los elementos que participan en el desarrollo de estrategias nutricionales
de mHealth (que hemos denominado el Gran GApp). La evidencia nos dice que es necesario tener en cuenta a todos los interesados en el
proceso para asegurar los resultados positivos de una intervencion de nutricion basada en la mHealth: los pacientes, los proveedores de
atencion de la salud y las empresas tecnologicas. Si estos elementos no se tienen en cuenta en el disefio de las estrategias de mHealth,
surge el Gran GApp, que puede conducir a falta de adherencia al cambio propuesto y disminuir el potencial de mejora de la calidad de los
resultados en materia de salud.
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MALNUTRITION IS A SIGNIFICANT PROBLEM
WORLDWIDE

Almost in every country worldwide people suffer from one or
more malnutrition types, and facing this in all its forms may be
considered the most significant global health challenge. Evidence
has demonstrated that malnutrition (in the forms of wasting, stunt-
ing, overweight, or obesity) is globally the leading risk factor of
sickness and death. It represents a significant problem for public
health because it increases the risk of morbidity and mortality,
from the wealthiest to the poorest countries, and represent a
substantial burden from the medical, social, and economic points
of view, harming families, communities, and states (1).

THE PROBLEM OF OVERWEIGHT
AND OBESITY

On the one hand, obesity increases the risk of developing multi-
ple chronic conditions, including cardiovascular disease, diabetes
mellitus, etc., which leads to a decrease in quality of life and work
productivity, and an increase in healthcare costs (2). In Europe, it is
estimated that the total direct and indirect cost attributable to over-
weight and obesity was higher than 0.50 % of the Global Burden
of Disease (3) in 2014. In the US, the health costs linked to obese
individuals was US$149.4 billion per annum in the same period (4).

However, the worldwide prevalence of overweight and obesity
has doubled since 1980 (2). In 2018, 1.9 billion adults suffered
from overweight and 462 million from underweight. Furthermore,
52 million under-fives were wasted, 17 million severely wasted,
and 155 million stunted, whereas 41 million infants were obese
or overweight (5).

THE PROBLEM OF UNDERNOURISHMENT

On the other hand, wasting and stunting are the most import-
ant reasons for child mortality in developing countries, especially
during the first five years of life (6). It is estimated that 6.3 mil-
lion deaths in under-fives were preventable in 2013 (7) through
nutritional programs. Besides, disease-related malnutrition is a
significant public health problem in America, Europe, and Asia. It is
related to higher morbidity (infections, suture dehiscence, delayed
fracture healing, etc.), prolonged hospital stay, and increased
readmission rates, mortality, and associated costs (8-11).

mHEALTH AND NUTRITIONAL MANAGEMENT

MOBILE TECHNOLOGY AS A GLOBAL
SOLUTION FOR MALNUTRITION

Since malnutrition is due to an interaction between environ-
mental, political, cultural, and socio-economic factors (1), several
authors have evidenced the need for finding global solutions.

G. Molina-Recio et al.

These have to be based on effective theory-driven tools to help
individuals manage their eating patterns (12) (and, obviously, on
ensuring access to food resources).

In this sense, mobile technology interventions seem to rep-
resent a promising approach to this problem because they are
useful for sharing healthy eating patterns and offering motivation
for behavioral change while being scalable, low-cost, with high
acceptance rates (5,12,14,15). Nowadays, these technologies are
part of our daily lives, and their role in society has become crucial.
Nobody doubts how technical improvements in mobile devices
(with larger screens, higher resolution, increasing browsing speed,
and development of mobile applications or “apps”) have changed
the way we live, work, and interact with others (15,16).

WHAT IS mHEALTH?

The term mHealth was first defined at the beginning of the 21
century (17). At the mHealth Summit 2010, organized by the Foun-
dation for National Health Institutes, it was defined as “the delivery
of health care services using mobile communication devices” (18).
Today, mHealth is globally understood as medical practice and pub-
lic health based on mobile devices (19). About 40 % of the more
than 300,000 applications available on the market are related to
health issues, with those for monitoring and managing chronic
conditions deserving special mention (20). In other words, mHealth
encompasses any strategy based on mobile devices (cell phones,
PDAs, activity monitoring bands, etc.) to provide or facilitate health
care. Many of the strategies included in mHealth, from simple
phone calls or text messages to the use of applications to support
clinical decision-making or telemedicine (20), have demonstrated
high effectiveness in communication between patients and health
professionals, in the adoption of healthy lifestyles, and in increasing
adherence to treatments in chronic conditions (21,22).

For instance, a national survey in the US evidenced that
58.23 % of respondents had installed at least one health app
in their phones, mainly focused on nutrition and physical activity.
However, many had not used these apps, or had uninstalled them,
due to lack of usability, interest, or time to introduce the necessary
data, among other reasons (23). This high abandonment rate has
been stated by other researchers (24,25). They have evidenced
the importance of any public or private entities involved in the
design and development of a health app considering every part
connected in the mHealth strategy since the earliest stage. This
approach may ensure that the designed app will demonstrate
proper functionality, usability, safety, and capacity to solve and
manage different pathologies in real settings (12,15,16).

INCONSISTENCIES IN THE APPLICATION OF
mHEALTH STRATEGIES IN REAL SETTINGS

mHealth strategies have been demonstrated to be effective

in various studies focused on dietary self-monitoring (26), long-
term weight loss (27), managing of type 1 diabetes mellitus (28),
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APPS. GETTING TO KNOW THE GREAT GApp

Other Individuals
(e.g., Providers, Family, Peers)

Figure 1.

Sociotechnical system demonstrating the relationship between stakeholders, processes, environments, and technologies (adapted from Graham

etal. (43).

improving lipid profile markers in patients with metabolic syn-
drome (16), offering behavioral change in low- and middle-income
countries (29), etc. In addition, it seems that some functionalities
such as establishing weight-loss goals (30), self-monitoring (14),
granting access to reliable information on healthy eating patterns
(13), controlling enteral or parenteral nutrition for undernourish-
ment prevention (31,32), and tracking energy intake (12) have a
determinant role.

However, translating to the community setting successful dietary
intervention experiences based on mHealth strategies that were
effective in experimental studies (12-14,26-30) seems tremen-
dously complicated (29). There are only a few experiences where
an mHealth strategy has been evaluated at the population level
(33,34). Meanwhile, most research and systematic reviews carried
out to evaluate the efficacy of developed apps conclude that further
investigations with larger sample sizes or longer interventions are
needed (6,12,13,27-30,35-39). Also, most of the apps developed
for each of these investigations, even though they showed positive
results, are not available in the leading app stores.

On the other hand, we found that mobile nutrition applications
on iTunes or PlayStore, with a higher number of downloads and
better user ratings (12,26), lack efficacy studies and are often
criticized by researchers for lacking a scientific basis to support
their contents (12,13,16,40).

Therefore, from this perspective, we would like to introduce
a theoretical model that attempts to explain the gap existing
between the elements involved in the development of nutritional
mHealth strategies. We have called it the Great GApp. However,
before going any further into describing this model, it is neces-
sary to have a proper understanding of the processes involved in
developing a mobile health application.

[Nutr Hosp 2021;38(3):555-562]

DESIGN AND DEVELOPMENT OF A MOBILE
HEALTH APPLICATION

The massive development of information and communication
technologies has made it possible that any intervention we may
wonder about can be implemented in a mobile application. In
summary, it is stated that the process should be organized in five
stages: i) conceptualization, ii) definition, iii) design, iv) develop-
ment, and v) publication (41). According to Berlanga et al. (42): i)
conceptualization implies generating an application idea consid-
ering the users’ needs or problems; ii) the definition stage aims
to specify the characteristics of users and the objective of the
mobile application; iii) the design stage refers to the conceptual,
content, and visual design of the app through prototyping; iv) the
development stage focuses on programming the source code and
performing user tests; and v) in the publication stage, after testing,
the application is published in mobile application stores.

However, this approach involves several socio-cultural and tech-
nological relationships and interactions between the actors in each
phase, which were defined in the model proposed by Graham et
al. (43) (Fig. 1). Since the end-user is the focus of the mHealth
intervention, it is essential that he/she be placed at the center
of the process. That is, consideration must be given to how the
designed app fits into the subject’s day-to-day life. Furthermore,
we must acknowledge that any patient interacts with other actors
(health professionals, family, etc.) who directly affect their behavior
and, therefore, the application’s success. Besides, the user inter-
acts with his or her environment, which may also exert negative
or positive influences on adherence to a specific food pattern. The
relationship of individuals with technology (including their mobile
phones) can also modulate the success of a mHealth intervention.
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Last but not least, it should be considered that the patient will be
influenced by the number and difficulty of the tasks that are part of
the proposed behavior change, and how these may interfere with
other mundane aspects such as daily tasks at home or work (43).

This model can be extrapolated to the health professionals
(30,43) involved in a mHealth-based intervention. They also need
to interact with other individuals (patients, family members, etc.),
technologies (e.g., databases with digital medical records), the
environment (depending on where they use the technology for
work), and tasks of varying complexity (text messages, writing
notes, monitoring alarm symptoms or signs, etc.). Although it
is unlikely that all potential relationships and interactions will
occur in all mHealth experiences, taking them into account in the
design and development phases of a mobile health application can
remove barriers and increase engagement. Furthermore, there
is evidence that attention to user needs through design leads to
greater acceptance, understanding, adoption, and commitment
rates regarding technology (25,43-46), and increases the poten-
tial for improving outcomes (47,48).

GETTING TO KNOW THE GREAT GApp

Therefore, to ensure the positive outcomes of a mHealth-based
nutrition intervention it is necessary to take into consideration
all stakeholders in the process (25,30,43,46): i) the people who
will receive the service (e.g., patients); i) those who provide it

G. Molina-Recio et al.

(e.g., health care providers); and iii) other stakeholders who may
be affected by the service (technology companies). This approach
is crucial because these stakeholders are committed to the ser-
vice and therefore affect the intervention’s scope and outcomes.
It is also necessary to consider the legislation and regulatory
policies of each region or country, as they may also influence
how mobile health applications are designed and distributed.
Regulatory frameworks and legislation provide assurances of
safety and increase the mHealth instruments’ credibility among
patients and providers (49). For all these reasons, it is necessary
to understand how all the parties involved interact, from their
respective points of view, with each other in this technological pro-
cess (50,51). If these elements are not considered in the design
of mHealth strategies, what we have called the Great GApp may
develop (Fig. 2).

Firstly, it is common for health care providers to attempt to
develop mHealth-based interventions through the “digital trans-
lation” of conventional treatments or high scientific evidence
papers (such as clinical practice guidelines), expecting the same
results that those traditional interventions have shown (43). In
other words, an application’s content has a factual scientific basis
and possibly responds to real needs that they have detected in
real clinical settings. However, these apps may exhibit several
deficiencies: these care providers usually do not have technology
companies that guarantee adequate implementation and con-
tinuity over time (52), they do not have graphics and product
designers that favor an adequate user experience (53), and in

* Professionals
technologically
trained

* Less credibility

* More downloads

Technological
Companies

*Don't look for
scientific basis

*User Experience is
the most important

*Usability, free of
charge and privacy

*Digital Divide

Regulation

+ Digital translation
* Scientific basis
*Real needs

*Disconnected from
health institutions

Health Care
Legislation Providers

~Academic
performance

Academic

Approach *Reviews

*Critical with lack of
scientific basis

*Lack of confidence

Figure 2.
The Great GApp.
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some cases their attempts respond to personal initiatives that
are disconnected from public or private health services. This fact
makes it difficult for them to be integrated into regular clinical
practice (54). In other cases, these public or private health ser-
vices, without considering the professionals who will have to use
these mobile applications, implement them, causing discomfort
and poor adherence to using them (47).

A different component of the Great GApp is represented by
health professionals who have an academic approach and who,
far from seeking to modify clinical practice, focus on evaluat-
ing apps already published in application stores and on looking
for academic performance (55,56). These researchers point out
the lack of scientific basis and of usability of the available apps
(13,39,40), or the risk of bias in RCTs carried out in small samples
(6,15,16,26,28,37,38). In these cases, they may conclude that
an app seems effective and that further research is needed with
a larger sample size and longer interventions.

Technological companies are the executing component of the
Great GApp. They have technologically trained personnel to design
and develop health applications and implement their publication
and maintenance in application stores. For this reason, the apps
designed and developed by them guarantee that the user expe-
rience will be well valued (12,40). However, these applications
have less credibility (especially on the part of health professionals,
who could recommend them) because they do not usually specify
either the scientific grounds they used to develop their content,
the professionals who participated, or the scientific degree of
evidence their proposals may have. However, these applications
represent the most widely downloaded apps on nutrition and
physical activity (39,40). Based on this situation, open innovation
models have been proposed that allow professionals, users, and
technology companies to work together (57).

Another component of the Great GApp, and one which rep-
resents the reason for the development of mHealth-based nutri-
tional strategies, is the end user. End users do not usually look
for scientific evidence or alignment with international recom-
mendations by scientific societies. For the end user, functional-
ities and ease of use (especially in data entry), free-of-charge
downloading, and to a lesser extent privacy are usually the most
critical variables for selecting and using a health app (14,23,
25,30,39,40,45,48,51,52). Another relevant aspect that must
be considered during the design phase of a mobile health app
focused on the end user is the digital divide. This term refers
to the differential rate of cell phone ownership associated with
social, cultural, and economic indicators. It is more pronounced in
low- and middle-income countries, and highlights the inequality
that exists in access to technologies and subsequent technical
services (58). Furthermore, this digital divide may also refer to
the digital competencies of different generations, and their abil-
ity or preference to adhere to mHealth strategies (59). Some
authors have proposed focus group sessions before the design
and development of mobile health applications where aspects
such as studying previous experiences in mHealth or the barriers
to adopting this technology as a therapeutic strategy can be
addressed (25).
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The final component of the Great GApp that can be determinant
in how mHealth strategies can reach populations is the legisla-
tion and regulatory framework of the region or country where the
mHealth-based approach is developed (49). As shown in figure 2,
the regulatory framework and legislation on health apps have
been placed at the center of the conceptual model. Rather than
being a key element in the development and implementation of
mHealth apps, what stands out is its potential to influence the
attitudes and behavior of all those involved, from the need to trust
professionals for prescribing health apps to the reliability or safety
perceived by end users. Moreover, traditional methods of evalu-
ating medical devices to establish safety and efficacy are costly,
time consuming, and assume that the approved device will not
undergo significant changes in content or use (60). Although this
framework could be useful for specific medical devices, it is not
for applications that are continually being updated with new forms
of navigation, functionalities, etc. This situation represents a chal-
lenge for clinical evaluation and for establishing the application’s
version and platform, mainly because the standards apply to the
application and not to its associated device. Ultimately, it seems
likely that traditional evaluation methods will only be appropriate
for a small number of applications that run as traditional medical
devices (wearables) and will become barriers to most software
developments and innovations (60).

For these reasons, international and national organizations
are permanently working on the development of accreditation
and certification systems for mobile health applications (42). For
instance, the Food and Drug Administration (FDA) has proposed
a Policy for Device Software Functions and Mobile Medical Appli-
cations (61). The European Commission (EC), in 2015, published
the Green Paper on mHealth as a consultation book for citizens,
health professionals, public authorities, mobile device manufac-
turers, and other stakeholders on how to use mobile technology
to improve health services in Europe (62). Following this consul-
tation, EC encouraged industry stakeholders to draft and adhere
to a code of conduct on mobile health apps, especially on their
associated privacy issues. After several revisions, this code is
still pending approval and is focused on: user consent, purpose
limitation and data minimization, privacy by design and by default,
data subject rights and information requirements, data retention,
security measures, advertising in mHealth apps, use of personal
data for secondary purposes, disclosing data to third parties for
processing operations, data transfers, personal data breach, and
data gathered from children (63). Once again, regulations move
away from essential concepts such as usability, veracity of con-
tents, or the app’s effectiveness.

However, the Strategy for Quality and Safety in Mobile Health
Applications of the Junta de Andalucia (Andalusian government)
stands out in Spain at a national level. This initiative has elaborat-
ed a list of recommendations for the design, use, and evaluation of
health apps, and a quality label called AppSaludable, which recog-
nizes the quality and safety of health apps from public and private
initiatives, both Spanish and international. The label ensures that
an app complies with a series of recommendations on design
and relevance, quality, security of information, service provision,



560

G. Molina-Recio et al.

Table I. Some examples of mHealth strategy development evaluating whether they
considered the Great GApp elements and their current availability

Did the authors | Is it currently
Strategy or consider the available in .
. - Searching
Paper Year | mobile application elements the Apps sources
developed included in the | Storesorin
Great GApp? use?
Actwg 10 - A.ne\.N gpprgaeh to |ncr.ease Active 10 mobile
physical activity in inactive people in 2019 o ) Yes Yes Play Store
application for Android
England (33)
FoodSwitch: a mobile phon.e app to engble FoodSwitch mobile
consumers to make healthier food choices and o ) Play Store
. ) o 2014 application for Android Yes Yes
crowdsourcing of National Food Composition ) App Store
and i0S

Data (34)
User-centered design of a tablet waiting room Kaiser Permanente mobile

: o . . . Play Store
tool for complex patients to prioritize discussion | 2016 application for Android Yes Yes Aob Siore
topics for primary care visits (50) and i0S (visit planner) o
A smartphone app to promote an active )
. ) ) . , Partially
lifestyle in lower-educated working young Active coach mobile

. o 2018 o ; (user-centered No Play Store
adults: development, usability, acceptability, application for Android design)
and feasibilly study (49) g
Developed specifically to
Integrating mobile technology with routine be embedded into and to http://mypaceapp.com/
dietetic practice: the case of myPace for weight | 2015 | support dietetic practice, No No Play Store
management (62) a platform called myPace App Store
(http://mypaceapp.com/)
User-centered design of Learn to Quit, a ) . Partially (experts,
. . Learn to Quit application
smoking cessation smartphone app for people | 2018 . user-centered No Play Store
. ; . for Android .

with serious mental illness (48) design)
Push notifications from a mobile app to
improve the body composition of overweight 2020 Private mobile application No No Play Store
or obese women: a randomized controlled for Android App Store
trial (14)

confidentiality, and privacy (64). With the same objectives, the
same initiative was launched in 2016 in Catalonia under the name
TicSalut (65). It also offers a repository of health apps that have
been approved after a quality accreditation process structured in
four blocks: usability and design, functionality, technology, and
security.

As we indicated above, when these five elements are not
connected and involved in the whole process of developing a
health app, adherence to the use of a mobile application and,
consequently, its impact on health outcomes is reduced. However,
different initiatives have tried to connect all the elements of this
Great GApp with positive results. Examples include user-centered
approaches (25), the Active10 program (33), the FoodSwitch (34)
and myPace (66) mobile apps, the creation of The Yale Center for
Biomedical Innovation and Technology (CBIT) (52), and coopera-
tive development models based on Crowdsourcing (67) or Open
Innovation (57). They all show approaches that allow involvement

of all the actors connected, and therefore avoid the negative effect
of the Great GApp (Table I).

CONCLUSIONS

This theoretical model, named the Great GApp, seems to con-
tain and explain the main circumstances that usually occur during
the design and development of mobile health applications. These
circumstances lead to a disconnection between the elements
involved in the implementation of mHealth strategies (end users,
health professionals — whether in the clinical or academic field
— and technological companies), which results in a gap between
the scientific and healthcare settings, and the daily life of the
subjects to whom these measures are eventually addressed. As
a result, a limited efficiency of these measures is perceived (low
effectiveness concerning the high cost that any technological
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development usually entails). Taking into account this GApp, and
trying to involve all the associated elements from the early stages
of design and development of mobile health applications, could
increase their success through greater use adherence and better
health outcomes.
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Abstract

Introduction: karate is a millennial martial art, currently inserted in the context of Olympic Combat Sports. However, important scientific gaps
still persist in monitoring high-performance athletes, including the basal metabolism measurement of female karate athletes.

Aim: to contribute to understanding the applicability of equations for predicting basal metabolic rate in this population.

Methods: this is a cross-sectional study with a retro-analytical component, in which data were obtained from the medical records of seven
athletes participating in the project “Karate Sao Paulo Olimpico” (Sdo Paulo Olympic Karate) (KSPO) during their nutrition counseling, including
body composition and indirect calorimetry testing, with the aim of comparing these data to basal metabolic rate prediction equations.

Results: only one out of the five evaluated equations did not have a significant statistical difference relative to the value obtained by open-circuit
indirect calorimetry.

Conclusion: in case basal metabolism cannot be measured through standard methodology (calorimetry), Cunningham’s prediction equation
(1980) would be appropriate to obtain total energy expenditure for high-performance female karate athletes.

Resumen

Introduccion: el karate es un antiguo arte marcial que actualmente encaja en el contexto de los deportes olimpicos de combate. Sin embargo,
aun quedan importantes lagunas cientificas para el seguimiento de los deportistas de alto rendimiento, una de las cuales es la determinacion
del metabolismo basal de las deportistas de karate.

Objetivo: contribuir al conocimiento de la aplicabilidad de las ecuaciones predictivas para obtener la tasa metabdlica basal de esta poblacion.

Métodos: el estudio se caracteriza por ser transversal con un componente retroanalitico, donde se obtuvieron los datos de siete atletas de la
historia clinica de cuidado nutricional del proyecto Karate Séo Paulo Olimpico (KSPQ), referidos a la composicion corporal y el examen de calo-
rimetria indirecta, con el propésito de compararlos con las ecuaciones predictivas de la tasa metabdlica basal.

Resultados: solo una de las cinco ecuaciones evaluadas no mostré ninguna diferencia estadisticamente significativa con respecto al valor
medido mediante calorimetria indirecta de circuito abierto.

Conclusion: seria conveniente, si no existe la posibilidad de obtener un metabolismo basal mediante la metodologia de referencia (la calo-
rimetria), utilizar la ecuacion predictiva de Cunningham (1980) con el fin de obtener el gasto energético total de las deportistas karatecas
de alto rendimiento.
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INTRODUCTION

Karate is a millennial martial art modified to become a modern
sport; its potential to promote health, and physical and psycho-
logical well-being is well established (1). Currently, karate has
received the classification of Olympic Combat Sport (OCS) for
meeting modern Olympic competition practices, which involve
aspects and concepts of contest (fair play), as well as performance
measurement, scientific approach, result comparisons, and rules
and standards coded and institutionalized with the aim of maxi-
mizing body performance, competitiveness, and spectacularization
of body expression (2).

OCS, which include sports modalities like boxing, judo, taek-
wondo, and wrestling, represent 20 % to 25 % of the total med-
als disputed in Olympic Games (3), and this proportion should
increase with the insertion of karate in the Olympic Games of
2021, in Japan. In an OGS such as karate athletes compete
according to body weight divisions in order to promote sports
equity in terms of body mass, and many use rapid weight 10ss
procedures (2-10 % reduction in body mass during the week
before the competition) to compete in lighter divisions and against
smaller and weaker opponents. Therefore, most athletes train with
a body mass greater than their competition division, and after the
official weigh-in there is a rapid weight gain to compete, thus
generating continuous changes in body mass (4). According to
Reale et al. (5) “although some have called for the cessation of
AWL altogether (6), another more pragmatic approach is to edu-
cate athletes about safer practices around AWL and recovery to
reduce the potential health risks and performance decrements”.

Resting metabolic rate (RMR) is defined as the minimal energy
requirement to keep the vital functions of humans such as cardi-
ovascular and respiratory system function, organic synthesis, cell
membrane ion pumps, and body temperature (7). It is influenced
by factors like age, sex, body composition, and physiological
state (8).

The measurement of RMR is highly precise with direct and/or
indirect calorimetry techniques for individuals subjected to a ther-
moneutral environment soon after waking up, in the postabsorp-
tive state (10-12 h fasting), after a minimal rest of 30 min, during
wakefulness, and in dorsal decubitus (9); the major difference
between basal metabolic rate (BMR) and RMR is the period of
resting and fasting before measurements (10). Since RMR cannot
be routinely obtained through more accurate methods, such as
calorimetry, the WHO proposed in 1985 the use of prediction
equations to obtain this value, considering the importance of this
parameter to calculate the daily energy requirements of the pop-
ulation at large. Those equations originated from a modification
in the data bank of Schofield (11); however, studies in this area
have indicated the presence of overestimated RMR values for
different ethnic groups, especially for those living in the tropics
(12,13). Such differences between populations were attributed
to the large number of Italians in the original database (followed
by other Europeans and Americans); individuals from regions of
predominantly temperate climate; non-standardized calorimetry
testing (pre-test fasting); differentiated body composition charac-
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teristics; and narrow age range, besides the presence of diverse
Caucasian individuals (14).

Although direct or indirect calorimetry is the best method-
ology to obtain a RMR, it has limitations such as a high cost,
need of pre-test standardization, and long evaluation time. As
an alternative method, mathematical prediction equations for
the basal metabolic activity of individuals employ data that can
be more easily obtained during nutrition counseling, including
age, height, sex, body mass, and body composition (lean mass).
To estimate RMRs in both men and women, the more com-
monly used equations are those of Harris-Benedict (15), World
Health Organization (9), and Cunningham (16). Although largely
used, they were not developed for female athletic populations;
for example, that of Harris-Benedict had over 200 participants
included in its development but only 18 individuals classified as
athletes and no women (8).

The American College of Sports Medicine (17), in its Note on
Nutrition and Athletic Performance, encouraged the use of spe-
cific regression equations for the athletic population but recom-
mended that a reasonable RMR estimate could be obtained with
the equations suggested by Cunningham (16) or Harris-Benedict
(15) by adopting an appropriate activity factor to estimate total
energy expenditure (TEE). RMR represents 60 % to 80 % of TEE
for sedentary individuals but may cover only 38 % to 47 % for
endurance athletes (17).

The aim of the present study was to evaluate the difference
and the impact of using different RMR metodological approach-
es, such as open-circuit indirect calorimetry, bioimpedance, and
prediction equations, on the assessment of energy expenditure in
high-performance female karate athletes, since this parameter is
essential to health, weight control, and performance-directed diet
prescription in this population.

MATERIAL AND METHODS

STUDY POPULATION AND SAMPLE

Data were collected from the Integrated Health Center of a
university in S&o Paulo, Brazil. This Center has an area of around
2.8 thousand square meters with 47 rooms for medical appoint-
ments in 10 different health areas, and 5 of these rooms are
separated for nutrition counseling of physically active individuals,
from sportsmen to high-performance athletes.

This study is cross-sectional with a retro-analytical com-
ponent; thus, data were obtained from medical records of
athletes participating in the project —Karate Sao Paulo Olimpi-
co— (Sé&o Paulo Olympic Karate) (KSPO), during their nutrition
counseling. As inclusion criteria, the selected medical records
were of high-performance athletes participating in the KSPO
project of the —Federacéo Paulista de Karate— (Karate Fed-
eration of S&o Paulo State) (FPK), who had an appointment in
the area of Nutrition in Sports and Physical Exercises with the
aim of improving their performance, were within the age range
19-59 years, declared in the nutritional anamnesis to be phys-
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Table I. Data of the anthropometric
evaluation of high-performance karate
athletes in the project “Karate Sao Paulo
Olimpico” (Sao Paulo Olympic Karate)
(KSPO) of “Federacao Paulista de
Karate” (Karate Federation of Sdo Paulo
State) (FPK)

Variable Mean | SD | CV | Minimal | Maximal
Age (years) 21.7 | 3.0 | 14.0 19.0 27.0
Body mass (kg) | 62.1 6.0 | 9.7 57.0 74.5
Height (m) 163 | 004 | 23 1.60 1.70
BMI (kg/m?) 2315 | 195 | 84 20.18 25.78
% Fat 23.1 27 | 117 20.1 26.8
FFM (kg) 478 | 56 | 116 43.8 59.5
FBM (kg) 143 | 1.7 | 11.8 12.1 16.0

SD: standard deviation; CV: coefficient of variation (standard deviation / mean)
X 100; BMI: body mass index; FFM: fat-free mass; FBM: fat body mass.

ically active, and signed the appointment consent form at the
Integrated Health Center.

The sample comprised seven high-performance female kara-
te athletes participating in the modalities “kata” (moves) and
“kumite” (fighting).

VARIABLES

Collected data included: birth date (years), body mass (kg) as
obtained with a Filizola mechanical anthropometric scale (0.1 kg
precision and 150 kg capacity), and height obtained with a sta-
diometer coupled to the aforementioned scale (1 mm precision
and 2 m capacity), with athletes wearing minimal clothing and
positioned in the Frankfurt plane for evaluation. Body mass index
(BMI: kg/m?) was calculated and nutritional status was classified
according to the WHO (18). A bioimpedance test was carried out
to obtain fat percentage, fat mass, lean mass, and RMR with a
Biodynamics 310E device, at 50 khz, and with athletes positioned
in horizontal dorsal decubitus, keeping arms and legs apart.

Open-circuit indirect calorimetry was conducted in a nutrition
counseling room with low light, temperature between 24 and
26 °C, and 70-75 % relative humidity. The RMR of athletes lying
in dorsal decubitus was measured with the calorimetry device
MetaCheck (Koor®, Medical Technologies, Salt Lake City, Utah,
USA). RMR was calculated by the mean of values found during
20-min continuous evaluation and by prediction equations, as
shown in table lll.

STATISTICAL ANALYSIS

Results were reported as sampling summaries of central ten-
dency and variability. To detect statistical differences between

Table Il. Values of resting metabolic rate (RMR) obtained by indirect calorimetry,
bioimpedance, and prediction equations for female karate athletes

Variable | Mean | SD | Ccv | Min-Max | p
Resting metabolic rate measured by calorimetry
keal/24 h | 16890 | 2855 | 169 | 1263021460 |
Resting metabolic rate measured by bioimpedance
keal/24 h | 00 | 1738 | 121 | 1282018000 | 003125
Resting metabolic rate measured by prediction equations
FAO/WHO/UNU, 1985 (kcal/24 h) 1409.5 88.5 6.3 1333.9-1591.2 0.03125
Harris & Benedict, 1919 (kcal/24 h) 1448.6 54.4 3.8 1409.1-1555.5 0.04688
Cunninghan, 1980 (kcal/24 h) 1552.2 1224 79 1463.0-1809.6 0.1563
Henry & Rees, 1991 (kcal/24 h) 1325.2 69.1 5.2 1266.2-1467.0 0.03125

Table Ill. Equations for predicting the resting metabolic rate (RMR)
of high-performance female karate athletes

Reference

Equation

FAO/WHO/UNU, 1985 19-30 years

14.82 x body mass in kg + 486.6

Harris; Benedict, 1919

655.1 + (9.6 x body mass in kg) + (1.8 x height in cm) - (4.7 x age in years).

Cunningham, 1980

500 + 22 x (fat-free mass in kg)

Henry; Rees, 1991 18-30 years

[(0.048 x body mass in kg) + 2.562] x 239
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BMR values for the different prediction equations a Friedman rank
sum test was conducted, which established a significant differ-
ence (p = 9.4 x 10°) among the six methods. After that, we used
calorimetric results as our reference, and investigated pairwise
differences with the other methods conducting a series of paired
Wilcoxon rank sum tests. Except for the Cunningham equation, all
the other methods showed significant differences when compared
to calorimetric results. Table Il gives the corresponding p-values.
We used R (19) for the statistical analyses.

ETHICS

The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the Human Research
Ethics Committee at a local institution under code number CAAE:
12867319.7.0000.5492.

RESULTS

The high-performance karate athletes of the KSPO project of
FPK were, on average, 21.7 (3.0) years old, had a BMI of 23.15
(1.97) kg/m2 and a fat percentage of 23.1 (2.7) %; thus, they
were classified as eutrophic, according to WHO'S, showing a fat
percentage within the average range for physically active individ-
uals. The complementary anthropometric profile of these athletes
is shown in table I.

The values shown in table Il were obtained by open-circuit indi-
rect calorimetry, bioimpedance, and RMR prediction equations.

The comparisons between the results obtained by indirect cal-
orimetry and by equations are presented in figure 1, and show
that only Cunningham’s equation had no significant statistical
difference (p < 0.05), and that RMR was underestimated by
the different prediction equations.

DISCUSSION

The high-performance female athletes who took part in the
present study had higher body mass values and fat percentag-
es when compared to high-performance karate athletes in the
project “Séo Paulo Olimpico” of FPK. On average, the latter were
21.2 (4.3) years old and had a weight of 56.0 (8.8) kg, height of
160.6 (0.1) mm, BMI of 21.63 (2.58) kg/m?, and fat percentage
of 18.6 (4.0) % (2). Such divergences can be attributed to differ-
ences in the body composition of these female athletes (weight
category) or to the use of distinct evaluation methods, i. e., bioim-
pedance in the present study, compared to anthropometry.

An adequate energy balance must be kept for high-perfor-
mance athletes to ensure appropriate weight and body compo-
sition during training cycles and/or the competition season; in
addition, it is essential to optimize adaptations and recovery from
training (20). RMR represents a significant fraction of TEE; one of
the major components responsible for variation is fat-free mass,

L. R. Marques

Figure 1.

Results obtained by open-circuit indirect calorimetry and other methodologies
(bioimpedance and prediction equations). Statistical meaning: equal letters, with-
out statistical difference (p > 0.05); different letters, with statistical difference
(p < 0.05).

which may represent 20-30 % of daily energy expenditure (21),
suggesting a difference between females and males, even in ath-
letic populations (20,22).

There are few studies in the setting of martial arts and in karate
athletes assessing the impact of different prediction equations
on RMR, and consequently on TEE. De Lorenzo and collaborators
(23) developed seven general equations to calculate BMR, six of
which significantly underestimated the values obtained by indi-
rect calorimetry for water polo, judo, and karate athletes. Rossi
and Tirapegui (24) investigated the impact of prediction equations
on competitive university athletes and found a significant differ-
ence between BMR values as obtained with the FAO/WHO/UNU
equation (9) and that proposed by Lorenzo et al (23), applicable
to martial arts athletes. According to their results, there was a
statistically significant difference of ~ 3 % (50.4 kcal), which had
a minimal impact on the choice between equations considering
applicability to male athletes.

The Harris-Benedict prediction equation (15), recommended
by ACSM (17), remains one of the most commonly employed
equations in nutritional prescription, although there is a significant
amount of conflicting evidence regarding its validity for athletic
(11,20,23,25) and female populations (26). On the other hand,
Cunninghan’s prediction equation (16), which is based on lean
mass rather than body mass, has shown good results consider-
ing its validity and applicability to athletes (21,25). Cunningham’s
equation has already shown better accuracy for trained athletes
of both sexes (21) and recreational athletes (25). However, Jagim
and collaborators (20) demonstrated that this equation led to
better RMR predictions for female athletes (several modalities of
athletics, swimming, soccer, and tennis) than for male athletes
(soccer, athletics, and baseball).

The present study was the first one to evaluate the impact of
prediction equations on BMR, compared to open-circuit indirect
calorimetry for high-performance female karate athletes. Results
proved that although the equation by Cunningham and collabo-
rators underestimates BMR values, it remains as an alternative
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applicable to this population for assessing TEE differently from
other equations and methods such as bioimpedance. Among the
limitations of the study are a small sample size, the division by
weight categories, and the limited number of equations available
to estimate BMR in an athletic female population, which points to
further investigation and studies on this topic.

CONCLUSION

Assessing total energy expenditure in high-performance ath-
letes is important because energy consumption is essential to
keep training, especially during intense periods, and reduced
energy can lead to loss of physiological function, and increased
risk of fatigue, disease and lesion, in addition to unsuccessful
adaptation to prescribed training. There is evidence that, for
predicting total energy consumption, RMR prediction equations
may be inappropriate in athletic populations, but remain high-
ly employed due to the limitations inherent in obtaining direct
measures. This was the first study to report RMR evaluation by
direct measurement for high-performance female karate ath-
letes in comparison to the prediction equations more commonly
employed in sports nutrition. Significant differences were found
for the use of different equations, the most appropriate of which
was that adopting the lean mass of athletes as a prediction
component.
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Resumen

Introduccion: tanto en las mujeres con cancer de mama y cancer ginecologico como en los hombres con carcinoma prostatico, los sofocos, la
astenia y el insomnio son sintomas frecuentes y molestos que alteran la calidad de vida.

Objetivo: evaluar la eficacia del aporte de triptéfano como tratamiento de los sofocos, la astenia y el insomnio en pacientes con cancer de
prostata, de mama y cervicouterino.

Materiales y métodos: estudio de intervencion sin grupo de control en el Servicio de Oncologia Radioterapica del HUCA, en el periodo de julio
de 2018 a julio de 2019. Se incluyeron en total 60 pacientes con cancer de prostata, de mama y cervicouterino que habian recibido tratamiento
con radioterapia y hormonoterapia, y que presentaban sofocos, astenia e insomnio. Se administraron 3 g de L-triptéfano al dia.

Resultados: se reportan un aumento significativo del valor del triptofano sérico al final del estudio (p < 0,001) y una disminucion significativa de
las puntuaciones de los sintomas estudiados; aunque no hemos hallado ninguna significacion estadistica entre ellos, si se aprecia una mejoria
significativa de cada uno de los sintomas, asi como una mejoria de la calidad de vida (p < 0,001).

Palabras clave: Conclusiones: el estudio actual sugiere que, en los pacientes con cancer de mama, de prostata o cervicouterino y sintomas de sofocos, astenia
Sofocos. Astenia. e insomnio, el aporte de triptfano como suplemento nutricional se tolera bien, mejora la calidad de vida y puede asociarse a una mejoria de
Insomnio. Calidad los valores obtenidos en las escalas de los sintomas referidos, aunque no se demuestra ninguna relacion estadisticamente significativa con la
de vida. elevacion del triptofano en sangre.

Abstract

Introduction: in women with breast cancer and gynecologic cancer, as well as in men with prostate carcinoma, hot flashes, asthenia, and
insomnia are common and bothersome symptoms that impair quality of life.

Objective: to evaluate the effectiveness of tryptophan intake as a treatment for hot flushes, asthenia, and insomnia in patients with prostate,
breast, and uterine cervical cancer.

Materials and methods: intervention study without a control group at the HUCA Radiation Oncology Service, from July 2018 to July 2019.
A total of 60 patients with prostate, breast, or uterine cervical cancer who had received treatment with radiotherapy and hormone therapy, and
who presented with hot flushes, asthenia, and insomnia were included. L-tryptophan was administered at a dose of 3 g per day.

Results: a significant increase in serum tryptophan levels at the end of the study (p < 0.001) and a significant decrease in the scores of the
study symptoms were reported. Although statistical significance was not found, a significant improvement in each symptom was observed, as

Keywords: well as an improvement in quality of life (p < 0.001).

Hot flushes. Asthenia. Conclusions: the study suggests that, in patients with breast, prostate, or uterine cervical cancer, and symptoms such as hot flushes, asthenia, and
Insomnia. Quality insomnia, the administration of tryptophan as a nutritional supplement is well tolerated, improves quality of life, and is associated with improvement
of life. in the scale scores of the symptoms of interest, although no statistically significant relationship with increased blood tryptophan levels was found.
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EN EL CANCER

INTRODUCCION

En los pacientes con patologias oncoldgicas como el cancer
de mama, el cancer cervicouterino o el cancer de prostata, el
tratamiento sistémico o local condiciona una alteracion hormo-
nal que produce con gran frecuencia efectos secundarios, como
sofocos, insomnio y astenia, que alteran de forma significativa la
calidad de vida.

Los tratamientos actuales para estos sintomas en los pacientes
con cancer tienen sus limitaciones ya que las terapias farmacolo-
gicas estan contraindicadas en los canceres hormonodependientes
(1), ademas de estar asociadas a efectos secundarios bastantes
molestos. Por otro lado, las terapias alternativas y el abordaje psi-
coterapéutico carecen de ensayos clinicos controlados.

El mecanismo fisioldgico de los sofocos no esta del todo cla-
ro, aunque existen pruebas que muestran una reduccion de los
niveles de serotonina (2); de hecho, los inhibidores selectivos de
la recaptacion de serotonina son Utiles para aliviar los sintomas
vasomotores (3,4). También se relacionan con cambios en algu-
nos neuroquimicos, como el estrogeno, la norepinefrina, el péptido
relacionado con el gen de la calcitonina y la glucosa (5), y con la
participacion de alteraciones termorreguladoras.

En los pacientes con cancer, el insomnio no ha recibido mucha
atencion a pesar de ser uno de los sintomas mas comunes (6), que
afectaal 40-60 % de los enfermos segun varios autores (7). Savard
y Morin afirman que mas del 50 % de los pacientes oncoldgicos
presentan problemas de suefio que perduran afios después de
finalizar el tratamiento (8), siendo este un problema cronico para los
pacientes y las familias. Existe evidencia de que en la fisiopatologia
de diversas afecciones neuroldgicas que incluyen trastornos del
suefio se ven involucradas anomalias en las acciones mediadas por
la serotonina, la melatonina y el triptéfano (9). Silber y Schmitt, en
una revision, sugieren que el triptéfano podria mejorar los trastornos
del suefio en los adultos, al aumentar la serotonina cerebral (10).
Las pacientes con cancer de mama son las que se asocian a un
mayor nivel de insomnio, con una prevalencia entre el 38 % y el
61 % (11). Los sintomas vasomotores de la menopausia, como los
sofocos, referidos por el 40-70 % de las supervivientes del cancer
de mama (12), pueden contribuir a la incidencia del insomnio.

Aunque no encontramos estudios donde se use el triptéfano
como tratamiento del insomnio en pacientes con cancer, si los
hay para los trastornos del suefio de pacientes no oncoldgicos,
a los que se han administrado dosis de entre 1y 5 g al dia (13-
16), observandose un efecto significativo sobre el suefio en el
tratamiento cronico del insomnio severo (13,14).

En los pacientes con cancer, la astenia es uno de los sintomas
con mayor prevalencia, de manera que el 95 % de los pacientes
oncoldgicos que reciben tratamiento presentan astenia en mayor
0 menor grado (17). Al igual que en el caso de los sofocos, los
mecanismos fisiopatoldgicos implicados en la aparicion de la
astenia relacionada con el cancer no estan completamente acla-
rados. Probablemente estén relacionados con una alteracion de la
regulacion de varios sistemas y con la asociacion de varios facto-
res contribuyentes. Entre los mecanismos descritos se encuentran
las alteraciones de la regulacion de la serotonina, la disfuncion
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del eje hipotaldmico-hipofisario-adrenal, las alteraciones del ritmo
circadiano y la alteracion de la regulacion de las citoguinas (18).

Como hemos comentado previamente, la via serotoninérgica
esta involucrada de alguna manera en la aparicion de los tres
sintomas mencionados. Los bajos niveles de serotonina se han
asociado a problemas del suefio, dolor, ansiedad, depresion, sofo-
c0s, estados agresivos y migrafas (19,20).

La serotonina ingerida por via oral no se incorpora a las vias
serotoninérgicas del sistema nervioso central ya que no cruza
la barrera hematoencefalica. Sin embargo, el triptofano, que es
un aminoacido esencial de la sintesis de proteinas y el precursor
del neurotransmisor serotonina y de otros metabolitos, como la
melatonina, la quinurenina y la niacina, si puede cruzar la barrera
hematoencefalica. Una vez en el sistema nervioso central (SNC)
se convierte en 5-hidroxitriptéfano (5-HTP) y luego se descar-
boxila en serotonina (21). Se ha observado que la reduccion de
los niveles de triptdfano se correlaciona con una reduccion de los
niveles de serotonina (22).

El triptéfano se obtiene de la dieta en cantidades suficientes
para la sintesis de la serotonina y otros compuestos (23) y, dado
que es un componente natural de la dieta, puede usarse sin
complicaciones (24,25), teniendo una toxicidad baja, sin efectos
adversos asociados (25-27).

El presente estudio se basa en la suplementacion dietética
con L-triptofano de pacientes con cancer de prdstata, de mama
0 cervicouterino con el objeto de mejorar la calidad de vida de los
mismos al disminuir la frecuencia de los sofocos, el insomnio y la
astenia. Después de una busqueda bibliografica exhaustiva por
parte de nuestro grupo de trabajo, no se han encontrado estudios
donde se analice el efecto del triptéfano como tratamiento de
los sintomas descritos en pacientes con cancer.

MATERIALES Y METODOS

Ensayo clinico abierto, sin grupo de control, realizado en el Ser-
vicio de Oncologia Radioterapica del Hospital Universitario Central
de Asturias en el periodo comprendido desde julio de 2018 hasta
julio de 2019. Tanto el proyecto de investigacion como la hoja de
consentimiento informado fueron aprobados por el Comité de
Etica de la Investigacion del Principado de Asturias.

Se calculd que el tamafio muestral seria de 60 pacientes,
considerando un nivel de confianza del 95 %, una potencia del
80 %, una diferencia de medias a detectar de 8 y una desviacion
estandar, con respecto a la diferencia obtenida de un estudio
piloto previo, de 20 pacientes, el nimero de pares minimo, con-
siderando un posible ajuste de las pérdidas del 15 %. Este calculo
se llevd a cabo con el programa Epidat, version 4.2.

Los sujetos fueron entrevistados por primera vez por el autor,
quien determind si cumplian los criterios de seleccion. Los parti-
cipantes del estudio se reclutaron de acuerdo con los siguientes
criterios de inclusion:

— Mayores de 18 aos.

— Con diagnostico de cancer de prostata, de mama o cervi-

couterino.
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Habiendo recibido tratamiento oncoldgico con radioterapia
y/0 hormonoterapia.

— Que presentasen sofocos, astenia e insomnio.

Valores de triptdfano en sangre por debajo de la media del
rango de referencia.

Los criterios de exclusion fueron:

— Que estuvieran recibiendo tratamiento con antidepresivos

que afectaran al metabolismo de la serotonina.

— Que estuviesen tomando algun suplemento o tratamiento

para los sofocos, la astenia y el insomnio.

— Que no estuviesen dispuestos a participar y no firmasen el

consentimiento informado.

— Que no tuvieran la capacidad de cumplir las pautas.

Como criterios de retirada del estudio se consideraron los valo-
res de triptéfano en sangre > 95 ng/ml durante el seguimiento.

Se recogieron los datos de los pacientes (edad, sexo, patolo-
gia). A todos los sujetos incluidos en el estudio se les administrd
L-triptofano: 1 sobre de 3 g al dia durante 4 meses como minimo.
Debido a que no se han encontrado en la literatura estudios donde
se utilice el L-triptéfano en pacientes con cancer, la intervencion y
su dosis se basaron en los hallazgos de estudios previos acerca
de la dosis de triptéfano en otros escenarios clinicos, como en el
tratamiento de los trastornos del suefio, usando como referencia
los estudios con dosis de entre 1y 5 g/dia (14-17). El suplemento
fue proporcionado por el laboratorio Nutricion Médica.

Se realizaron las siguientes evaluaciones: analitica de sangre
del triptofano libre en el momento basal y, luego, mensualmente
durante 3 meses consecutivos. El valor de referencia del tripto-
fano en sangre utilizado fue de 30-95 ng/ml. Las muestras de
sangre periférica se obtuvieron mediante técnicas estandar de
venopuncion, en tubos Vaccutainer que contenian EDTA.K3 como
anticoagulante. Después de la centrifugacion se desproteinizd
una alicuota de 400 pL de las muestras de plasma sanguineo
con acido sulfosalicilico, después de afiadir 100 pL de n-Leu
como patron interno. Se utilizé un analizador de aminodcidos Bio-
chrom (Biochrom Ltd, Cambridge, Reino Unido) en el laboratorio
de bioquimica clinica del HUCA para separar los aminoacidos
libres presentes en la muestra. El control del plasma ClinCheck
para aminogcidos (de Recipe Chemicals + Instruments GmbH,
Munich, Alemania) también se proceso en cada ejecucion, como
material de control de calidad interno, certificado segun la norma
IS0 13485, para verificar el rendimiento del analisis

Se aplicaron cuestionarios para cada sintoma tanto al inicio
como al final del estudio. Los sofocos se midieron mediante el
cuestionario del estudio ESCAPA. Este cuestionario, que recoge
4 dimensiones —sintomas, temporalidad, estado de animo y
actividad diaria—analiza ademas por separado el impacto de los
sofocos en la vida diaria (pregunta 19) (28). La astenia se midio
mediante el cuestionario Perform, que mide las percepciones de
la astenia de los pacientes oncoldgicos, en su version adaptada
para la poblacién espafiola, que contiene 12 items distribuidos
en 3 dimensiones: actividades habituales (4 items), actitudes y
creencias (4 items), y limitaciones fisicas (4 items); en su disefio,
las puntuaciones altas conllevan mejores resultados (29). Para el
insomnio se empleo el cuestionario ISI 81, que mide el indice de
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gravedad del insomnio a través de la percepcion del propio pacien-
te. Este cuestionario consta de 7 ftems que miden las dificultades
para conciliar el suefio, las dificultades para mantener el suefio
y despertar por la mafiana, la satisfaccion con el suefio actual, la
interferencia con el funcionamiento diario, la perceptibilidad del
deterioro atribuido al problema del suefio y el grado de angustia
0 cansancio causado por el problema del suefio (30-32). Para
evaluar la calidad de vida se aplico el cuestionario WHOQOL-BREF
validado en Espana, que se centra en la calidad de vida percibida
por el paciente y ofrece una puntuacion global de la calidad de
vida y puntuaciones de las areas y las facetas que la componen.
Consta de 26 items que evaltian 4 dimensiones: salud fisica, salud
psicoldgica, relaciones sociales y ambiente. Las puntuaciones mas
altas indican una mejor calidad de vida (33-35).

Se evaluaron los posibles efectos adversos haciendo pregun-
tas abiertas a los participantes: por ejemplo, “¢Ha tenido algun
problema o efecto secundario desde que toma el suplemento de
L-triptéfano (como sintomas gastrointestinales o cualquier otro
problema)?”.

ANALISIS ESTADISTICO

Se realiz6 un andlisis descriptivo de cada variable recogida, pro-
porcionando medidas de posicion y medidas de dispersion para
las variables de tipo cuantitativo, y distribuciones de frecuencias
absolutas y relativas para las de tipo cualitativo.

Se valoraron los cambios entre el inicio y el final del tra-
tamiento a través del test de la t de Student para muestras
relacionadas —previa comprobacion de la hipétesis de norma-
lidad— cuando las variables estudiadas eran cuantitativas, y
con el test de Madansky cuando eran cualitativas.

Se estudiaron las correlaciones entre variables cuantitativas
a través del coeficiente y el test de correlacion de Spearman en
caso de incumplimiento de la hipétesis de normalidad.

El nivel de significacion empleado fue de 0,05.

El andlisis estadistico se efectu6 mediante el programa R
(R DevelopmentCoreTeam), version 3.4.4 (36).

RESULTADOS

Se incluyen en el estudio 60 pacientes, 37 (61,6 %) hombres y
23 (38,3 %) mujeres. Se obtiene la siguiente distribucion de fre-
cuencias por patologia: cancer de prostata 36 (60 %), cancer de
mama 13 (21,6 %), cancer cervicouterino 11 (18,3 %). La edad
media fue en los hombres de 70,8 (8,1) afos y en las mujeres
de 49,8 (6,8) afios.

Se evalud la elegibilidad de un total de 60 individuos y se exclu-
yeron 3, de los cuales uno abandond el estudio voluntariamente
y 2 presentaron concentraciones de triptdfano por encima de los
valores normales (> 95 ng/ml) en las analiticas de seguimiento,
por lo que fueron retirados del estudio. En total, 57 participantes
completaron el estudio.

Al analizar los valores sanguineos de triptéfano observamos
que todos los pacientes al inicio del estudio tenian niveles hema-
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Tabla I. Evaluacion del cambio de los
sintomas en la visita final frente a la basal

Sintomas Inicio Final Valor p
Astenia 39,2(18,3) | 49,1(10,8) | <0,001
[nsomnio 16,1 (7,4) 3 (3,7) < 0,001
Sintomas 80,1(16,8) | 38,8 ( 15,4) | < 0,001
Temporalidad 84,3(15,8) | 36,9(13,7) | <0,001
Estado de animo 66,0 (18,6) | 342(11,4) | <0,001
Actividad diaria 654 (17,4) | 32,5(10,1) | <0,001
Media (DE).

ticos de triptofano bajos o en el limite bajo de la normalidad (valor
de referencia: 30-95 ng/ml), produciéndose un aumento signi-
ficativo de estos niveles durante el estudio, con una media final
de 67,0 + 15,4 en comparacion con el valor basal 36,5 + 11,9
(p < 0,001), sin registrarse efectos secundarios asociados a la
ingesta de 3 g de L-triptéfano.

En relacion con los sofocos, en el andlisis de las cuatro dimen-
siones del cuestionario ESCAPA se muestra una mejoria signifi-
cativa de todas ellas, con una disminucion de la media final con
respecto a la basal (Tabla I).

Analizando la pregunta 19 del cuestionario se objetiva que el
80 % de los pacientes presentaban al inicio una afectacion de la
vida diaria moderada o muy alta, disminuyendo dicha percepcion
al 0 %, con un valor de p < 0,001 (Fig. 1).

Con respecto al cuestionario ISI81 para el insomnio, se obser-
vO una mejorfa clinica de este sintoma, objetivandose que, de
60 pacientes, 40 (66,7 %) presentaban insomnio moderado o
grave al inicio del estudio y solo un paciente (1,7 %) presento
insomnio moderado al final del mismo, siendo esta diferencia
estadisticamente significativa (p < 0,001) (Tabla I).

Del insomnio, en general, se puede decir que la puntuacion
media disminuy6 a 7,3 = 3,7 con respecto a la media registrada
al inicio del estudio (16,1 = 7,4; p < 0,001) (Tabla Il).
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Figura 1.

Comparacion de las respuestas del cuestionario de sofocos (Q19). ¢Hasta qué
punto cree que los sofocos afectan a su vida diaria?

Para la astenia, al analizar los resultados del cuestionario PER-
FOM se objetivd una mejoria de este sintoma cuando se compa-
raron los resultados del cuestionario final con los del inicial, con
una variacion significativa en el aumento de la media final, de
49,1 £ 10,8, con respecto a la inicial, de 39,2 + 18,3 (p < 0,001)
(Tabla ).

Se comparo la diferencia de cada sintoma entre el momento
basal y el final con la diferencia hallada en los valores de trip-
tofano entre la visita final y la basal, no hallandose diferencias
significativas (Tabla IIl).

Al analizar la influencia del comportamiento de los sintomas
estudiados al inicio del estudio en relacion con la variable pato-

Tabla Il. Comparaciéon de las sumas de todos los items del cuestionario de insomnio
Insomnio Ausencia n (%) | Subclinico n (%) | Moderado n (%) Grave n (%) Total n
Inicio 8 (14,04) 9(15,79) 27 (47,37) 13 (22,81) 57
Final 26 (45,61) 30 (52,63) 1(1,79) 0(0,00) 57

Tabla lll. Relacién del triptéfano con los sintomas (astenia, insomnio y sofocos)

Sintomas - Analitica segun visitas R Valor p
Astenia final vs. inicial — Analitica de visita 3 vs. basal 0,051 0,707
Insomnio final vs. inicial — Analitica de visita 3 vs. basal -0,185 0,168
Sintomas finales vs. iniciales — Analitica de visita 3 vs. basal -0,050 0,713
Temporalidad final vs. inicial — Analitica de visita3 vs. basal -0,047 0,726
Estado de animo final vs. inicial — Analitica de visita 3 vs. basal 0,062 0,646
Actividad diaria final vs. inicial — Analitica de visita 3 vs. basal 0,170 0,207
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Tabla IV. Relacion entre la evolucion de los sintomas estudiados
(astenia, insomnio y sofocos) y la patologia

Variable Mamaria Prostatica Cervicouterina Valor p
Astenia 29,85 (15,38) 43,97 (18,30) 34,91 (17,50) 0,074
Insomnio 19,46 (2,96) 14,29 (8,35) 18,10 (6,98) 0,098
Sintomas 77,40 (12,64) 79,86 (17,94) 84,09 (17,98) 0,469
Temporalidad 87,18 (14,28) 81,71 (16,41) 89,39 (15,41) 0,289
Estado de animo 66,92 (18,32) 62,36 (17,95) 76,82 (18,74) 0,077
Actividad diaria 62,82 (18,36) 65,28 (16,18) 69,32 (21,19) 0,352

Tabla V. Comparacioén entre el inicio
y el final del cuestionario de calidad
de vida WHOQOL-BREF

una mejoria significativa de cada uno de ellos; esto podria estar
relacionado con el pequerio tamafo muestral y con otros posibles
factores no recogidos en este estudio.

Dominios Inicio Final Valor p No encontramos estudios cientificos con iguales intereses
Salud fisica 11022 | 16.9(1.7) 20,001 que los prqpuestos en egta |nvest|gacl|on, dirigida a descr|b|r el
— comportamiento de los sintomas asociados a las neoplasias de

Salud psicoldgica 89(18 | 145@1) | <0001 mama, de prostata y cervicouterinas (sofocos, astenia, insomnio)
Relaciones sociales 732 | 137(19 | <0,001 en relacion con la administracion de triptofano a dosis de 1 sobre
Ambiente 9,8(1,8 | 142(1,1) < 0,001 de 3 g al dia durante 4 meses minimo, siendo dificil para los
Media (DF). autores establecer diferencias con otras investigaciones médicas

logia, no se obtuvo la significacion estadistica en ninguno de los
casos (Tabla IV).

Las puntuaciones brutas obtenidas en la escala WHOQO-BREF se
convirtieron a puntaciones transformadas (rango: 0-20), siguiendo
las indicaciones del manual del WHOQOL-BREF, con el objetivo de
permitir comparaciones entre las subescalas. Tal y como se refleja
en latablaV, el dominio de la salud fisica es el que registra un mayor
nivel de satisfaccion con la vida. Por el contrario, el nivel mas bajo
se obtuvo en el dominio de las relaciones sociales, resultando estas
diferencias estadisticamente significativas (p < 0,001).

Respecto a la calidad de vida evaluada con el cuestionario
WHOQOL-BREF, esta mejor6 durante el desarrollo del estudio,
objetivandose que existe una mejoria significativa de la calidad de
vida al final del estudio (p < 0,001) (Tabla V, Fig. 2). Este hecho se
reflejd en la disminucion progresiva de las puntuaciones obtenidas
en las 4 dimensiones estudiadas (salud fisica, salud psicoldgica,
relaciones sociales y ambiente).

DISCUSION

En nuestro estudio se pone de manifiesto que la administra-
cion de 3 gramos de L-triptéfano como suplemento nutricional a
pacientes con cancer de prostata, de mama o cervicouterino, que
habian recibido tratamiento con radioterapia y/o hormonoterapia,
se asocia a una elevacion del nivel de triptéfano en sangre y a
una mejoria de los valores de las escalas de sofocos, astenia e
insomnio. Aungue no hemos hallado ninguna relacion estadistica-
mente significativa entre la elevacion de los niveles de triptofano
en sangre y el conjunto de los sintomas estudiados, si se aprecia

similares. Por ello se amplid el abanico de comparacion con otros
estudios que habian incluido la administracion de L- triptéfano a
pacientes no afectados de cancer, pero que si presentaban alguno
de los sintomas que se monitorizaron en el actual estudio.
Nosotros observamos que todos los pacientes tenian inicialmente
niveles hajos de triptofano libre en la sangre, lo que podria explicarse
por un desequilibrio nutricional causado por la enfermedad de base
y por los tratamientos oncoldgicos recibidos, que conllevarian una
ingesta deficiente de triptofano, puesto que este aminodcido no pue-
de ser sintetizado directamente por el ser humano. De forma clara
y significativa, observamos que el aporte de 3 g/dia de L-triptéfano
produce un aumento de los niveles de este aminoacido en sangre.
En cuanto a los efectos observados, la mayor modificacion se
aprecia en los sofocos, seguidos del insomnio y la astenia, demos-
trdndose que el uso de 3 g de L-triptéfano podria tener la capa-
cidad de disminuir estos sintomas en los pacientes con cancer.
La mejoria significativa de los sofocos obtenida en nuestra serie
podria explicarse por un aumento del nivel de serotonina a nivel
cerebral, ya que la concentracion de este neurotransmisor s direc-
tamente proporcional a la concentracion de triptdfano en el plasma.
Se ha demostrado que el uso de antidepresivos mejora los sintomas
de sofocos en las mujeres con cancer de mama, pero aumenta el
riesgo de cancer de mama (37-39). La suplementacion de L-trip-
tofano tendria la capacidad de aumentar la cantidad de serotonina
disponible, produciendo un efecto similar a los ISRS sin los posibles
inconvenientes asociados. Aunque Freedman (40) no demostrd la
mejoria de los sofocos en mujeres posmenopausicas al administrar
150 mg/dia de 5-HTP, esto pudo deberse a que dicha dosis esta en
el extremo inferior del rango terapéutico, ademas de no recoger ni
los niveles basales ni los finales de triptéfano en la sangre.
La utilizacion del triptéfano para los desérdenes del suefio se
ha estudiado ampliamente. Spinweber observé que la adminis-
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Comparacion entre el inicio y el final del cuestionario de calidad de vida WHOQOL-BREF.

tracion de 3 g de L-triptéfano habia producido un descenso de la
latencia de suefio (13). Hajak G., administrando triptéfano en un
rango de 1-5 g, reportd una accion significativa sobre el suefio
al aumentar los niveles de melatonina en el plasma (14). Por su
parte, Huether y cols. se cercioraron de que, tras una infusion de
L-triptéfano, aparece dependencia en relacion con los niveles
plasmaticos tanto de triptéfano como de melatonina (16). Nues-
tros resultados también demuestran una mejoria del insomnio con
el aporte de 3 g de triptéfano pero, a diferencia de otros autores,
nuestra muestra solo incluye pacientes con cancer.

En nuestra serie también obtuvimos una mejoria significativa de
la astenia, lo cual puede explicarse por el aumento del triptdfano
en sangre, ya que uno de los posibles mecanismos responsables
de la astenia de los pacientes con cancer es la alteracion de
los niveles de serotonina a nivel cerebral, debido a la actividad
de citoquinas proinflamatorias como la interleuquina 18 (IL-1B),
el interferon alfa (IFN-a), el IFN-y y el TNF-a, producidas por la
propia enfermedad y que alteran el metabolismo del 5-HT (18).

En relacion con la calidad de vida evaluada con el cuestionario
WHOQOL-BREF, se observa una mejoria significativa al final del
estudio tanto de la salud fisica y psicoldgica como de las relacio-
nes sociales y ambientales, y esto es de gran importancia en los
pacientes oncologicos.

Los resultados de este estudio indicaron que administrar trip-
tofano como suplemento nutricional durante 4 meses no produce

[Nutr Hosp 2021;38(3):568-574]

ningun efecto adverso, por lo que el triptéfano parece ser seguro
y tolerarse bien.

La presente investigacion esta claramente limitada al tratarse
de un ensayo clinico abierto, sin grupo de control y con un tama-
filo muestral pequefo, que se agrava por la heterogeneidad de
las tres patologias tumorales estudiadas, que condicionan tres
submuestras con un “n” muy bajo para alguna de ellas. Ademas,
la muestra corresponde a un Unico centro y una unica region,
por lo que no podemos excluir que existan caracteristicas locales
que hayan influido en los resultados. Esto hace necesaria una
investigacion multicéntrica para confirmar los hallazgos, que por
lo tanto deben considerarse de naturaleza preliminar.

CONCLUSION

El estudio actual sugiere que en los pacientes con cancer de
mama, de prdstata o cervicouterino, y sintomas de sofocos,
astenia e insomnio, el aporte de triptéfano como suplemento
nutricional se tolera bien, mejora la calidad de vida y puede aso-
ciarse a una mejoria de los valores de las escalas de los sintomas
referidos, aunque no demuestra que exista una relacion estadisti-
camente significativa con la elevacion del triptéfano en la sangre.
Por ello, este estudio se debe considerar preliminar y se deberan
realizar otros ensayos controlados.
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A standardized, integral nutritional intervention and physical activity program reduces

body weight in women newly diagnosed with breast cancer
Un programa integral estandarizado de intervencion nutricional y actividad fisica reduce el peso
corporal en mujeres recién diagnosticadas de cancer de mama
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Abstract

Introduction: breast cancer is the most common invasive cancer among women in developed countries. At diagnosis, approximately 70 % of
women are overweight, and the additional weight gain that can result from the ensuing treatments has been associated with cancer recurrence
and progression.

Objectives: the main objective was to compare the effect of only a nutritional intervention (CG) with a nutrition education program (nutritional
intervention, nutrition education, and physical activity) (IG) for 1 year.

Methods: a total of 65 women with breast cancer who had been evaluated at the Clinical Nutrition Department, La Paz University Hospital, Madrid,
Spain were recruited into 2 groups: a control group (CG) and an intervention group (IG).

Results: the 1G showed a significant reduction in body weight (-1.87 + 3.41 vs. 1.48 + 2.01 kg, p < 0.05), BMI (-0.61 + 1.40 vs.
0.65 + 0.88 kg/m?, p < 0.05), total cholesterol (-32.92 + 38.45 vs. -3.23 + 39.73 mg/dl, p < 0.05), and low-density lipoprotein cholesterol

Keywords: (-35.29 + 27.50 vs. 6.33 + 40.70 mg/dl, p < 0.05). Both groups were shown to be more conscious of the importance of physical activity, with
Breast cancer increased consumption of grains, fruits, oily fish, and dairy.
Nutrition. Phyéica\ Conclusions: dietary interventions and physical activity were shown to be important to achieving several physical and physiological benefits that
activity. could reduce some risk factors associated with breast cancer recurrence and progression.

Resumen

Introduccion: el cancer de mama es el cancer invasivo mas comdn entre las mujeres de los paises desarrollados. En el momento del diagnéstico,
aproximadamente el 70 % de las mujeres tienen sobrepeso, y el aumento de peso adicional que puede resultar de los tratamientos subsiguientes
se ha asociado con la recurrencia y progresion de la enfermedad.

Objetivos: el objetivo principal del estudio fue comparar el efecto de solo una intervencion nutricional (GC) con un programa integral de educacion
nutricional (intervencion y educacion nutricional y actividad fisica) (IG) durante 1 afio.

Métodos: un total de 65 mujeres con cancer de mama previamente evaluadas en la Unidad de Nutricién Clinica y Dietética del Hospital Univer-
sitario La Paz, Madrid, Espafia, fueron reclutadas y divididas en 2 grupos: grupo de control (GC) y grupo de intervencion (Gl).

Resultados: el Gl mostrd una reduccion significativa del peso corporal (-1,87 + 3,41 vs. 1,48 + 2,01 kg, p < 0,05), IMC (-0,61 + 1,40 vs.
0,65 + 0,88 kg/m?, p < 0,05), colesterol total (-32,92 + 38,45 vs. -3,23 + 39,73 mg/dl, p < 0,05) y colesterol unido a lipoproteinas de baja

Palabras clave: densidad (LDL) (-35,29 + 27,50 vs. 6,33 + 40,70 mg/dl, p < 0,05). Al finalizar el estudio, ambos grupos fueron mas conscientes de la importancia
Céncer de mama de la actividad fisica y demostraron consumir una cantidad mas elevada de cereales, frutas, pescado azul y lacteos.

Nutricién. Actividad Conclusiones: las intervenciones dietéticas junto con la practica de actividad fisica son importantes para lograr beneficios fisicos y fisiologicos
fisica. que podrian reducir algunos factores de riesgo asociados con la recurrencia y progresion del cancer de mama.
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INTRODUCTION

Over the last decade, our diet and lifestyle have changed in
relation to economic development. In terms of health, nutritional
status, eating patterns, and physical activity, this evolution has
been negative. As a consequence, there has been a significant
increase in chronic noncommunicable diseases and obesity, the
prevalence of which has increased and continues to increase at
alarming levels in our society (1). According to Keaver et al., over-
weight and obesity will reach levels of 89 % and 85 % in males
and females, respectively, by 2030 (2). In Spain, the most recent
data on the prevalence of obesity correspond to the ENPE study,
which found an average prevalence of 21.6 % among adults aged
2510 64 years (22.8 % in men and 20.5 % in women) (3). Obe-
sity substantially increases the risk of diabetes, cardiovascular
disease from increased blood pressure and altered blood lipid pro-
file (4,5), certain types of cancer (colorectal, breast, endometrial,
renal, esophageal, and pancreatic) (6), and other diseases. Also,
as body mass index (BMI) increases (especially when it is > 30 kg/
m?) the relative risk of mortality gradually increases. Obesity has
been associated with poorer quality of life, a greater frequency of
disability and health services use, and higher economic costs (7).

Breast cancer is the most frequent malignant neoplasm in
women worldwide, and is the type of tumor that causes the high-
est number of deaths in Spain. It accounts for 18.2 % of cancer
deaths in women and is the leading cause of death in women
between 40 and 55 years. Its incidence is increasing, especially in
developed countries, in which 50 % of all cases of breast cancer
occur (8). Although the incidence has increased, the mortality rate
has remained stable in recent years, a benefit attributed to early
detection programs and advances in systemic treatment. One in
every 10 women will develop breast cancer at some point in her
life. Standardized average survival according to age in Europe is
93 % at 1 year and 73 % at 5 years (9). In Spain, breast cancer
has a 5-year survival rate of more than 90 % (10).

Obesity and breast cancer are related: the treatment breast
cancer entails is associated with a greater probability of weight
gain and the development of overweight and obesity, and the
presence of obesity has been associated with poorer breast can-
cer outcomes. The etiology of weight gain associated with the
treatment of breast cancer may be partly explained by a decrease
in physical activity resulting from increased feelings of fatigue.
This reduction can reach up to 50 % of the usual activity of these
women (11). In a study conducted by Lynch et al., patients with
breast cancer spent most of the day in sedentary or low-intensity
activities (12). However, physical activity has been associated with
a protective effect on the development of breast cancer and its
recurrence due to its influence on hormone levels, insulin resis-
tance, and hyperinsulinemia (13-15).

Although there are not sufficient data to confirm the role of
estrogen metabolites as predictors of breast cancer, a reduction
in the circulating levels of primary estrogens may lower the risk
of breast cancer in postmenopausal women. During menopause,
however, these estrogens are reduced, leading to increased estro-
gen metabolism from adipose tissue and skin; thus, increased
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estrogen is directly related to an increase in fatty tissue (16). In
addition, various studies have found an association between weight
gain and a poorer evolution of breast cancer or its recurrence. This
situation could be explained by the inflammatory and hormonal
changes that obesity produces, which could favor the growth of
tumor-related hormones such as estrogens, androgens, insulin,
leptin, etc., as well as the oxidative stress linked to this disease
(17,18). Pan et al., in a recent review, found that women with
breast cancer and obesity who lost weight after their diagnosis had
a reduced risk of recurrence and mortality compared with those
who maintained a normal weight, since obesity might be associat-
ed with altered hormonal profiles that stimulate tumor development
(19). Recent studies have observed that women with overweight
or obesity at the time of diagnosis had a 50 % increase in their
probabilities of developing a second, more aggressive tumor when
compared with those with normal weight (20-22). Finally, women
with obesity 1 year before breast cancer diagnosis could have an
increased risk of weight gain and mortality as compared with those
with normal body weight (23).

Few studies have evaluated the importance of developing
multidisciplinary follow-up programs including the prevention
and management of obesity (23). Kwiatkowski et al. proposed
using nutritional intervention, nutrition education, physiotherapy,
psychological support, and physical activity programs for women
with breast cancer in the post-chemotherapy phase for 1 year to
achieve weight loss. At the end of their study, a significant reduc-
tion in weight, as well as in waist circumference, were observed
(23). Moreover, significant reductions in body weight had been
observed in women who had survived breast cancer after under-
going a nutritional and physical activity intervention, in compar-
ison with a control group (24). In a recent study conducted with
overweight and obese women with breast cancer, Cheryl L. Rock
et al. concluded that a nutritional intervention resulting in weight
loss can significantly reduce cancer recurrence.

However, once the literature is reviewed, we hypothesize that
not only a nutritional intervention, but also the effects of nutritional
education along with physical activity (the intervention group [IG]),
compared with following a nutritional intervention program alone,
without nutritional counseling or physical activity (the control group
[CG]), in women with breast cancer after a 6-month supervised
intervention period and at 1 year of follow-up, might result in an
improvement in body weight and in lipid profile, and could provide
benefits in terms of breast cancer recurrence and survival.

MATERIALS AND METHODS

STUDY PARTICIPANTS

For the present study, the Medical Oncology and Gynecology
Department recruited the participants, who had been evaluated
at the Clinical Nutrition Department, La Paz University Hospital
(HULP), Madrid, Spain. The criteria to be met to be eligible for the
study were as follows: age older than 18 years; female sex; newly
diagnosed breast cancer; having a suitable understanding of the
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clinical trial; agreeing to voluntarily participate in the study; and
signing the informed consent. Exclusion criteria were as follows:
patients with disseminated disease; receiving drug treatment for
weight loss; suffering from an eating disorder; with mental iliness;
with low cognitive ability; or with problems complying with the
general dietary and physical activity recommendations. Withdraw-
al criteria from the study included: death or lack of attendance to
more than 2 treatment sessions.

All participants gave their informed consent to take part in the
study, which was approved by the Scientific Research and Ethics
Committee of HULP (Code 3114) in accordance with the ethical
standards of the Declaration of Helsinki (25).

STUDY DESIGN

The study took the form of a randomized, prospective, con-
trolled clinical trial lasting 24 weeks, and included 1 year of fol-
low-up. The participants (n = 65) were randomly assigned to 1
of 2 treatment groups: CG or IG. Patients in the CG received a
nutritional intervention consisting of an individualized diet; patients
in the IG received the same nutritional intervention and also nutri-
tional education and individual physical activity sessions.

NUTRITIONAL INTERVENTION

All participants received an individualized diet according to
baseline energy expenditure, as measured with a bioelectrical
impedance analyzer (BIA), and the corresponding recommenda-
tions for physical activity according to the World Health Organi-
zation (WHO) (26). Dietitians at the Clinical Nutrition Unit, HULP,
used a food exchange list as a tool for dietary modification, and
prepared menu samples in accordance with the healthy eating
recommendations issued by the Spanish Society of Community
Nutrition (27). This tool helps to develop customized meals, facil-
itating adherence to a diet. Family and work aspects, as well as
mealtimes, were also taken into account.

In cases where weight reduction was required, the main goal
was to promote a reduction in energy intake relative to expenditure,
aiming for a 200-400 kcal/day deficit. Participants were remind-
ed of the menu monthly, at each visit, and reinforced monthly at
each visit throughout the 24 weeks of intervention. A participant’s
menu was assessed at the beginning, during, and at the end of the
intervention period with a 72-hour dietary recall and a validated
food intake frequency questionnaire to assess dietary compliance.

NUTRITIONAL EDUCATION

Once a month, a dietitian at the Clinical Nutrition Department,
HULP, presented nutritional education sessions, 5 in total, of 1
hour each. The topics covered were as follows:

1. Generalities on obesity: definitions and diagnosis of obesity;

complications and treatment of obesity.
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2. Principles of nutrition: energy, macronutrients, and micro-
nutrients; food groups, recommended distribution, and
nutritional pyramid.

3. Situations of daily life; how to shop for food and cook
healthily; how to eat outside the home.

4. Special situations: food myths and beliefs, miracle diets;
learning to manage anxious moments and avoid temptations.

5. Physical activity: the importance of physical activity in
breast cancer.

PHYSICAL ACTIVITY

The women in the IG attended 4 sessions per week: once a
week, they performed a supervised session by the Rehabilitation
and Physiotherapy Service, HULP, for 24 sessions in total, to per-
form aerobic and anaerobic exercises. Physical activity information
for each attendant was collected through the International Physical
Activity Questionnaire (IPAQ) (28) at the beginning of the inter-
vention, at the end, and after 36 weeks. The supervised workouts
were divided into two groups:

— Aerobic training: cardiovascular work with big muscle
groups. These exercises were performed with a cycle
ergometer at < 75 % of the maximum heart rate deter-
mined by an initial test. During the exercises, they made
progressive increments with a goal of 45 minutes during 4
days, followed by cooling and stretching movements.

— Anaerobic training: after two weeks of aerobic training, they
started to strengthen smaller muscle groups (biceps, triceps,
deltoids, etc.) with weights according to a 40-60 % of their
maximum repetition technique. They made three sets of ten
repetitions for each muscle groups twice a week.

In addition, they also performed three physical activity ses-
sions per week at home: study participants recorded information
on their home training sessions including date, duration, heart
rate before, during, and after each session, effort assessment
according to the Borg scale, and incidents, and reported it to the
Rehabilitation and Physiotherapy Service at HULP.

ANTHROPOMETRIC VARIABLES

Anthropometric measurements were taken at the beginning
and at the end of each intervention period using standard tech-
niques, and adhering to the international guidelines set out by the
WHO (29). All measurements were made by trained personnel
in the morning, with the participant barefoot and wearing only
underwear. Body composition was determined using a BIA, the
ElectroFluidGraph analyzer (Akern s.r.l., Florence, Italy). Height
and waist circumference were measured and recorded adhering
to the international norms set out by the WHO. BMI was calculated
using the following formula: weight (kg) / height (m)?.

HEALTH VARIABLES

Information was collected on medical conditions and medica-
tions taken. Blood pressure and heart rate were measured on
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the right arm using a Spot Vital Signs 420 automatic monitor
(Welch Allyn, Madrid, Spain) (accuracy: + 5 mm Hg). Three mea-
surements were taken at 5-min intervals, and the means were
calculated. The populations were classified according to whether
the participants exhibited prehypertension or high blood pres-
sure that had remained undiagnosed and was not being treated
pharmacologically.

BIOCHEMICAL VARIABLES

Blood samples for general biochemistry testing were collect-
ed early in the morning at the HULP Extractions Department at
the beginning of the intervention, at the end of the 24 weeks of
treatment, and after 36 weeks. Samples were kept at 4 °C to 6
°C until they were analyzed, which was always performed within
48 h. Biochemical serum lipid profile (e.qg., total cholesterol [TC],
high-density lipoprotein cholesterol [HDL-C], low-density lipopro-
tein cholesterol [LDL-C], triglycerides), glucose, and protein levels
were measured by an enzymatic spectrophotometric assay using
an Olympus AU 5400 apparatus (1zasa; CA, USA).

STATISTICAL ANALYSIS

Data were analyzed using repeated measures (group x time)
for within-group and between-group changes. Primary outcomes
were body weight; body composition parameters; BMI; waist
circumference; bicipital, tricipital, subscapular, and suprailiac
folds; and heart rate. Secondary endpoints were physical func-
tion (includes aerobic and anaerobic sessions of physical activity)
collected through the IPAQ questionnaire; food frequency; and
lipid profile serum biomarkers: glucose, TC, HDL-C, LDL-C tri-
glycerides and proteins. The statistical power was determined
through a calculation based on the precision of the estimate of
the standard deviation and by the treatment effect size.

Compliance and adherence were measured during the study
using a specific questionnaire evaluated in the Clinical Nutrition
Department, and a subject was considered in the analyses when
she verified more than 70 % of compliance verification (nutritional
intervention).

The Physiotherapy Service at HULP verified the activity car-
ried out through questionnaires to verify compliance with and
adherence to physical activity. Once the adherence was verified,
investigators of the Clinical Nutrition Department carried out the
statistical analysis of the IPAQ questionnaire to evaluate the phys-
ical activity of the subjects.

Changes from baseline to week 48 (1 year) were defined by
the difference in the value of a parameter at week 48 minus the
value at baseline. Sensitivity analyses were conducted around the
assumption of missing data. A p value of < 0.05 was determined
to indicate significance. Descriptive statistics were calculated (the
mean and standard deviation for quantitative variables, and per-
centages for qualitative variables). All analyses were performed
using SPSS v.26.0 software (SPSS Inc., Chicago, IL, USA).

M. Morato-Martinez et al.

RESULTS

RECRUITMENT AND STUDY POPULATION

The study was performed between February and June 2013.
A total of 65 women (50 = 9.43 years old) with breast cancer
were eligible for inclusion. Some 18 participants were lost at 6
months (12 in the CG and 6 in the IG) due to personal reasons
(n = 15) and failure to follow treatment instructions (n = 2). Thus,
47 participants completed the 24-week study. During the 1-year
follow-up, 12 women were lost to personal causes (n = 6 in each
group). Therefore, 35 women ultimately completed the follow-up,
and only their results were included in the subsequent analyses
(Fig. 1). The baseline characteristics of the 35 women who com-
pleted the study were found to be comparable between the two
groups. The protocol compliance (nutrition intervention and phys-
ical activity) was high and no differences were observed between
groups. Also, no significant baseline differences in baseline diet
were noted between the groups.

HEART RATE, BODY WEIGHT, AND BODY
COMPOSITION OF PARTICIPANTS BY
TREATMENT, AND GROUP

Table | shows the results of heart rate, body weight, and body
composition. Blood pressure and heart rate remained within

Assessed for eligibility
(n=100)
1 Excluded (1 = 35)
Randomized
(n =65)
Control Group (CG) Intervention Group (IG)
(n=33) (n=32)
Lost at 6 months Lost at 6 months
(n=6) (n=6)
Lost at 12 months Lost at 12 months
(n=6) (n=6)
CG analyzed 1G analyzed
(n=21) (n=14)
Figure 1.

Flow chart describing the present trial.
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Table I. Change in measurements per participant (X = SD)
Control Group (CG) Intervention Group (IG) p

Heart rate (rate per minute)

Baseline 77.85+10.78 | M6-MO 0.08 +8.34 73.57 £13.17 | M6-MO

Post-intervention 7792 +11.69 | M12-MO | -3.54 +10.92 79.07 +816 | M12-MO | -3.59 + 10.22

1-year follow-up 7431 £856 | M12-M6 | -3.62 +11.99 69.98 +8.53 | M12-M6 | -9.09 +9.57
Weight (kg)

Baseline 67.91 +12.72 | M6-MO 0.76 4.2 66.24 +10.34 | M6-MO | 0.27 +7.57

Post-intervention 68.67 +11.93 | M12-MO | 2.24+4.26 66.51+ 1044 | M12-M0 | -1.6+7.28 *(p = 0.005)

1-year follow-up 70.15+12.95 | M12-M6 | 1.48 £ 2.01 64.64 £10.5 | M12-M6 | -1.87 + 3.41
BMI

Baseline 2691 +451 | M6-MO | 0.32+1.59 2553 +418 | M6-MO | 0.06 +2.97

Post-intervention 2723+43 | M12-MO | 0.96 1.71 2558 +3.84 | M12-MO | -0.55+3.08 |a(p=0.085 | *(p=0.011)

1-year follow-up 27.87+472 | M12-M6 | 0.65+0.88 2498 +3.64 | M12-M6 | -0.61+1.4
Waist circumference (cm)

Baseline 86.88+10.23 | M6-MO | -1.05+4.17 84.38+11.37 | M6-MO | -1.68 £5.95

Post-intervention 85.82+9.23 | M12-MO | -4.22+17.42 82.7+10.13 | M12-MO | -4.36 +9.51

1-year follow-up 82.66 +17.34 | M12-M6 | -3.16 + 16.67 80.01 £10.61 | M12-M6 | -2.69 + 6.81
Tricipital fold (cm)

Baseline 29.63+7.17 | M6-MO 1.85+£5.29 2716 +8.11 M6-MO 0.8+763

Post-intervention 3062+724 | M12-MO | 3.07 +5.87 27.65+599 | M12-MO | -1.71 £ 7.61

1-year follow-up 2848 +6.49 | M12-M6 | 1.28 +4.73 2696 +7.96 | M12-M6 | -1.18 +7.26
Bicipital fold (cm)

Baseline 2093+9.72 | M6-MO | 0.93+5.58 17.86 +8.22 | M6-MO | 1.02+6.93

Post-intervention 204+898 | M12-MO | -1.77 +6.03 19.75+8 M12-M0 | -2.8 +9.41

1-year follow-up 136+433 | MI12-M6 | -0.9+2.38 17.36 +5.56 | M12-M6 | -3.04 +6.39
Suprascapular fold (cm)

Baseline 27.65+926 | M6-MO | 2.55=+4.01 2254 +7.44 | MG-MO | 2.65+6.88

Post-intervention 29.63+99 | M12-MO | 9.02 +4.89 257+75 | MI2-MO | 4.46+7

1-year follow-up 20.35+894 | M12-M6 | 5.25+4.44 28.99+9.08 | M12-M6 | 197 +3.56
Suprailiac fold (cm)

Baseline 25.75+10.46 | M6-MO | 6.97 +7.46 2211+66 | M6-MO | 473+11.58

Post-intervention 31.88+8.87 | M12-MO | 16.95+4.27 26.65+7.92 | M12-MO | 9.84 +10.14

1-year follow-up 34.45+844 | M12-M6 | 4.88+5.18 32.28+10.17 | M12-M6 | 6.64 +8.51
FFM %

Baseline 672+522 | M6-MO -1.2+3.46 69.7+9.59 | M6-MO | -1.44+4.88

Post-intervention 66.15+8.17 | M12-M0O 01+717 69.85+7.09 | M12-MO | -2.51 +6.91

1-year follow-up 67.38+8.84 |M12-M6 | 1.23+6.56 69.95+912 | M12-M6 | 0.7 +4.34
LM %

Baseline 4333 +£427 | M6-MO | -0.22 +4.06 4622 +7.34 | M6-MO | -1.11+£3.48

Post-intervention 4415+716 | M12-MO | 3.22+13.82 47.75+9.55 | M12-MO | -1.94 +4.16

1-year follow-up 46.15+12.34 | M12-M6 2+11.99 4596 +6.77 | M12-M6 | -2.14+9.23
FM %

Baseline 328+522 | M6-MO 1.2 +3.46 304+954 | M6-MO | 1.33+4.69

Post-intervention 33.85+8.17 | M12-MO 01717 30.15+£7.09 | M12-MO | 2.39+6.77

1-year follow-up 32.62+884 | Mi2-M6 | -1.23 +6.56 30.04+911 | M12-M6 | -0.71 +4.34

Data are expressed as mean + SD. BMI: body mass index; FFM: fat-free mass, LM: lean mass; FM: fat mass; MO: month 0, M6: month 6; M12: month 12;
a. differences after the intervention period between the groups. Significant differences between the start and the end of the intervention periods (*p < 0.05).
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normal values for the general population (120/80 mm Hg) and
did not differ between groups neither at baseline, nor after the
intervention or after 1 year of follow-up (p > 0.05) (Table I). In
contrast, there were significant changes in body weight and BMI
in the 1G at the end of the study (p > 0.05) (Table I). There were
no significant differences between groups in waist circumference
or in tricipital, bicipital, suprascapular, or suprailiac folds, nor any
changes in any of the parameters from baseline to any time point,
which allowed to obtain accurate values in the variation of body
composition (% of fat-free mass, % of lean mass, and % of fat
mass) (p > 0.05) (Table I).

BIOCHEMICAL VARIABLES

The effects of the interventions on blood lipids, glucose, and
protein levels between groups are shown in table Il. Despite ran-
domization, there was an imbalance between groups at baseline
in TC and protein concentrations, with higher baseline values in

M. Morato-Martinez et al.

the IG. This imbalance was corrected, however, and a significant
reduction in LDL-C in the IG occurred between the intervention
period and baseline (M6-MO) (-7.33 + 41.96 vs. 12.80 + 25.32).
There was also a significant difference in TC levels between
groups in the same period (2.58 + 50.55 vs. 9.31 = 34.37).
Although there was no significant reduction in TC at the end of
the study (M12), the TC reduction between groups was relevant
(-29.29 + 39 in the IG vs. 6.08 + 51.87 in the CG) (Table Il). In
addition, there was a significant difference in triglyceride levels
between groups between the 6-month intervention period and the
1-year follow-up (M12-M6) in favor of the IG. On the other hand,
the interventions did not significantly affect glucose, HDL-C, or
protein values in any group.

DIETARY INTAKE

The mean dietary intake values are outlined in table Ill. Aithough
no significant differences were observed between the CG and IG

Table Il. Blood lipids, glucose, and protein levels at baseline, postintervention,
and at 1 year of follow-up

Control Group (CG) Intervention Group (IG) p
Glucose (mg/dl)
Baseline 109.38 +63.83 | M6-MO | 0.54 +6.96 100.64 + 104 | M6-MO | -3.43 £16.17
Post-intervention 109.92 + 66.85 | M12-M0 | -26.85 + 71.51 97.21 1317 | M12-M0 | -9.64 +11.27
1-year follow-up 82.54 +10.78 | M12-M6 | -27.38 + 74.57 91 +8.56 M12-M6 | -6.21 +10.66
TC (mg/dl)
Baseline 204.77 +39.69 | M6-MO | 9.31+34.37 228.71 +36.61 | M6-MO | 258 +50.55 | a(p=0.055)
Post-intervention 214.08 +20.53 | M12-MO | 6.08 +51.87 228.58 +47.61 | M12-M0O | -29.29+39 | ¢c(p=0.002) | *(p=0.005)
1-year follow-up 210.85 + 37.47 | M12-M6 | -3.23 +39.73 199.43 +29.64 | M12-M6 | -32.92 + 38.45
HDL-Cholesterol (mg/d)
Baseline 51.7+15.86 | M6-MO | 82+12.24 60.73 +13.42 | M6-MO | -6.5+10.61
Post-intervention 59.29+9.39 | M12-M0 6+12.84 57 +18.65 M12-MO | -7.14 +15.21
1-year follow-up 60+18.75 | M12-M6 | 5.8+10.16 53.29 +12.31 | M12-M6 | 85+6.36
LDL-Cholesterol (mg/d)
Baseline 118.6 £ 27.41 | M6-MO | 12.8+25.32 149.08 +27.06 | M6-MO | -7.33 +41.96
Post-intervention 128.57 +24.78 | M12-M0 | 6.33 +40.7 137.25+33.06 | M12-M0 | -35.29 + 27.5 *(p =0.003)
1-year follow-up 126.64 +29.41 | M12-M6 | 18.4 +19.32 114+255 | M12-M6 | -12.5+38.89
Triglycerides (mg/d)
Baseline 141.3 £58.61 | M6-MO | -16.2 +64.28 11055 +67.97 | M6-MO | -49.5 + 160.51
Post-intervention 115+29.92 | M12-M0O | -13+60.37 99.25 +42.83 | M12-M0 | -13.29 + 86.27
1-year follow-up 121.64 +68.19 | M12-M6 | -2.8 +53.83 110.29 + 68.91 | M12-M6 | -3.5+42.43
Proteins (g/0l)
Baseline 6.72+0.38 M6-MO | -0.08 + 0.51 7.02+0.52 M6-MO | -0.46+0.28 | a(p=0.045)
Post-intervention 6.64+047 | M12-MO | 0.14 +0.56 6.66+048 | M12-M0 | -0.17 £0.53
1-year follow-up 6.86+0.57 | M12-M6 | 0.22+0.27 6.85+059 | M12-M6 | 0.25+0.56

Data are expressed as mean + SD. MO: month 0; M6: month 6; M12: month 12; TC: total cholesterol; a: differences after the intervention period between the groups;

c: differences after the follow-up period between the groups. Significant differences between the start and the end of the intervention periods (*p < 0.05).
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at the end of the intervention period, both groups increased their
daily intake of grains, fruits, oily fish, dairy products, and oils.

Both groups had reduced their consumption of red meat and
sweets at the end of the intervention period; however, no signif-
icant differences were observed between them (Table Ill). These
data were useful for examining group differences, although this
approach will not permit an exact characterization of the dietary
intake of any given individual due to day-to-day variations in
intake.

PHYSICAL ACTIVITY

The main results of the physical activity questionnaire are shown
in table IV. No significant differences were detected in any type
of physical activity variable between the CG and |G at the end of
the intervention (M6-MO0), between the follow-up period and the
intervention period (M12-M6), or at the 1-year follow-up (M12-MQ).

However, it was observed that the IG was less sedentary at the
end of the 1-year follow-up, spending fewer hours a day sitting,

Table lll. Results of the food frequency questionnaire during the study period

Control Group (CG) Intervention Group (IG) P
Baseline 3+£218 4+1.49
Meals/day - : M6-MO 0.23+3.23 M6-MO 0.32 + 3.51 --
Post-intervention 4 +1.06 5+0.82
Baseline 3+254 3+234
Grains/day M6-MO 0.67 =244 M6-MO 0.58 = 3.47 --
Post-intervention 4+238 4 +155
Baseline 2+1.29 3+1.64
Fruits/day M6-MO 0.45+3.98 M6-MO 0.32 +2.89
Post-intervention 3+1.23 3+0.86
Baseline 1+1.15 1+0.90
Red meat/week M6-MO -0.24 +1.38 M6-MO -0.12 +1.54
Post-intervention 1+1.10 1+0.82
Baseline 1+093 1+1.07
Blue fish/week M6-MO 021 +=1.41 M6-MO 014 +1.43
Post-intervention 2 +0.51 2+0.80
Baseline 1+1.58 2+154
Dairy/day M6-MO 0.25+2.21 M6-MO 0.41+2.34
Post-intervention 2+1.13 3+0.90
Baseline 3+1.35 2+0.82
Qils/day - - M6-MO -0.42 +2.13 M6-MO 048 +1.74
Post-intervention 2+ 0.91 2+0.71
Baseline 3+2.68 2+2.05
Sweets/day M6-MO -0.25 + 3.03 M6-MO -0.37 £ 1.79
Post-intervention 2+291 1+0.88
Baseline 6 +2.20 7+3.27
Water/day M6-MO -0.31 £ 5.51 M6-MO -0.57 £6.19
Post-intervention 6+235 6 +3.25

Data are expressed as mean + SD. There were no significant differences between the start and the end of the intervention periods or in the change recorded between

the intervention periods.

Table IV. Results of the physical activity questionnaire during the intervention and follow-up

Type of Physical .
Activity Control Group (CG) Intervention Group (IG) P
Baseline 603+325 | M6MO| -200+378 608+261 | M6-MO| 0.86599
Siting | Post- 330+149  |MI2-M0| -085:498 |c| 775:418 |Mi2M0| -355+375 |c(p=004)
hours/day | intervention
1yearfolow-up | 518+240 |MI12-M6| 117£319 |b| 350£172 |M12M6| -264+410 |b(p=0035)
Baseline 103067 + 91146 | M6-MO | 37498 + 123222 | a | 1544.55 = 837.71 | M6-M0 |-132.45 + 1232.22 | a (o = 0.030)
Total IPAQ iFr’ng/ention 1494.25 + 1588.58 | M12-M0 | 30140 £ 165165 | |[1470.25 + 1125.22| M12-M0 | 301,40 + 155165
1-year follow-up | 1458.54 + 1600.55 | M12-M6 | —5185 = 1177.41 | |1771.95 + 1203.98 | M12-M6 | 234.33 = 1177 41

Data are expressed as mean + SD. MO: month 0; M6: month 6, M12: month 12; a: differences after the intervention period between the groups; c: differences after the

follow-up period between the groups; b: differences after the follow-up period.
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but without statistical significance. Similarly, both groups showed
increased physical activity at the 1-year follow-up visit, with no
differences between groups (Table IV).

DISCUSSION

The aim of this study was to determine the effect of a
24-week nutrition education program, including nutritional
intervention, nutrition education, and physical activity sessions
in women with breast cancer. The nutritional intervention com-
prised a balanced diet adjusted to the energy requirements of
each volunteer in both groups. In addition, the 1G participated
in 5 nutritional education sessions. According to public health
policies, the prevention and/or management of chronic diseas-
es involves following a healthy diet, maintaining adequate levels
of body mass, reducing sedentary lifestyles, and increasing
physical activity (30).

The women in our |G lost, on average, 1.87 + 3.41 kg of body
weight after the 1-year follow-up period. The difference in body
weight and consequently in BMI was significant between groups at
the end of the study (p > 0.05) (Table I). This reduced body weight
in the |G group was similar to that resulting from other studies with
a similar design, which could be related to the effectiveness of the
nutrition education program. Also, physical activity might help to
control body weight in patients with breast cancer (31). Lastly, the
slight and nonsignificant decrease in heart rate observed at the
end of the intervention period could be a consequence of weight
loss and the effect of training (Table I).

Some body composition parameters (% of fat free, lean, and
fat mass) revealed no differences between groups at the end of
the study (Table 1). Recent studies have shown that the method
of assessing body composition is not precise enough to measure
small changes in body fat over time (32). Nutritional education for
women with breast cancer had a beneficial effect on their dietary
pattern, which in turn could have had a beneficial effect on body
weight and BMI.

In this study, both groups made consistent changes in their
diet. Based on the food frequency questionnaire, they increased
their consumption of grains, fruits, blue fish, dairy, and oils, and
reduced their consumption of red meat and sweets. These results
could be associated with a better quality of life. In a recent study,
Hebert et al. had concluded that a nutrition education program
improved the dietary pattern of women with breast cancer, and
that they continued to maintain this pattern after the intervention
period, resulting in a significant reduction in body weight (32).
Similarly, Anderson et al. had found that physical activity and a
6-month nutrition education program in women with breast cancer
produced a significant loss of body weight, a significant reduction
in saturated fat consumption (-4.2 % vs. -1.2 %; p=0.013), and
a significant increase in fruit and fiber consumption (0.5 servings
vs. 0.0 servings; p = 0.006; 4.8 g per 1000kcal vs. 1.3g per
1000 kcal; p=0.007, respectively) (33) compared with a control
group (34). Therefore, a dietary intervention and a physical activity
program could improve the dietary pattern of women with breast
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cancer, achieving a healthier eating profile and leading to reduced
body weight and better quality of life.

Physical activity is well known to improve strength and daily
activity in clinical populations. Our |G reported a reduction in the
number of sitting hours compared with the CG (-3.55 = 3.75
vs. -0.85 + 4.98). Although no significant differences were
observed, the IG group slightly decreased their physical activity
level after the intervention period during six months (total IPAQ:
-132.45 £ 1232.22), and then they increased it after a year
(total IPAQ: 234.33 + 1177.41). These results are in accordance
with other studies, and may be due to complications arising from
cancer treatments. Subsequently, patients gained sufficient skills,
confidence, and knowledge to focus on long-term physical activity,
and to achieve a greater adherence to exercise as participants felt
that physical activity represented a way to feel better. In contrast,
the women who were in the CG did not receive physical activity
recommendations and consequently did not improve their physical
activity after the one-year follow-up period. These results are in
accordance with recent studies, such as that by Carayol et al.
These researchers found that a comprehensive physical activity
therapy with aerobic and endurance exercises, as well as dietary
counseling, compared with a control group, reduced levels of fat
mass and BMI, and increased muscle endurance in women with
breast cancer (35).

Our results, showing significant reductions in TC and LDL-C
in the 1G, are in agreement with the literature investigating the
prevention of cardiovascular disease. The literature suggests that
increased physical activity and nutritional education can influence
lipid profiles in patients with cancer, increasing their survival rates
(36). Our results are in line with a recent study that demonstrated
the effect of physical activity in patients with breast cancer using
recommendations for exercises that could be performed at home,
compared with a control group without recommendations. At the
end of the intervention period, both BMI (-6 kg/m?; p = 0.02), TC
(-38 mmol/L; p=10.001), and LDL-C (-3 mmol/L; p= 0.023) were
significantly lower as compared with the control group (37). We
might not have found reductions in glucose, HDL-C, and protein
concentrations due to an insufficient sample size to detect differ-
ences between groups. Lahart et al. had concluded in a recent
study that patients with invasive breast cancer who performed
physical activity with recommendations for exercises that could
be performed at home could reduce their TC and LDL-C concen-
trations when compared with a control group. Similarly, another
study conducted by Swisher et al. had shown that the combination
of aerobic exercise therapy and dietary counseling reduced BMI
(2.4 % vs. 0.4 %, p< 0.05), suggesting that exercise and healthy
eating can be effective in breast cancer survivors as compared
with a control group (38).

The strengths of this study involve a randomized design, a long
follow-up period for 1 year in total for each analyzed patient, a
wide range of outcomes including both subjective and objective
measurements, and an intention-to-treat approach. Limitations
include the final sample size after one year of follow-up. This
factor should be taken into account for future studies. It will be
necessary to take losses into account, which may be due to the
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consequences of breast cancer treatment (tiredness, treatment,
discomfort, medications, and other diseases). Moreover, self-re-
ported measurements such as the food frequency questionnaire
and IPAQ require participants to recall past activity, and represent
a subjective means of estimating individual physical activity and
dietary pattern levels. Further studies are warranted and should
be required to establish physical activity programs and dietary
advice as part of any institutional action protocols for women
with breast cancer.

CONCLUSIONS

We found that a nutrition education program (including nutri-
tional intervention, nutritional education, and physical activity)
resulted in significant favorable effects on body weight, BMI, TC,
and LDL-C in women with breast cancer compared with a control
group, who received only a nutritional intervention. Reductions in
body weight were correlated with improvements in lipid profile.
Therefore, dietary interventions and physical activity in patients
with breast cancer provide positive effects and could be import-
ant therapy components to reduce breast cancer recurrence and
increase breast cancer survival. Further studies should examine
the long term effects of a lifestyle program in patients with breast
cancer.
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Resumen

Introduccion: el propdleo y sus componentes influyen en el metabolismo lipidico; sin embargo, se desconoce su efecto sobre la composicion
corporal y el metabolismo mineral.

Objetivos: determinar el efecto de la suplementacion de la dieta con propéleo natural sobre la composicion corporal, el metabolismo basal y
mineral, y la funcién endocrina del tejido adiposo.

Material y métodos: veinte ratas albinas Wistar macho (8 semanas) se dividieron en dos grupos de 10 animales cada uno. Las ratas fueron
alimentadas con dos tipos diferentes de dietas durante 90 dias: una dieta estandar para el grupo de control (grupo C) y la misma dieta estan-
dar + un 2 % de propdleo (grupo P). Se determinaron las hormonas tiroideas, la grelina, la leptina, la adiponectina y la insulina, los acidos
grasos no esterificados (AGNE) en el plasma, la composicion corporal (masa magra, masa grasa y agua corporal) y el depdsito de minerales en
organos diana (bazo, cerebro, corazon, pulmones, testiculos, rifiones y fémur).

Resultados: los niveles plasmaticos de hormona estimulante del tiroides (TSH), triyodotironina (T,) y tiroxina (T,) no mostraron diferencias tras
la ingesta del suplemento de propdleo, mientras que los de grelina y adiponectina disminuyeron (p < 0,01 y p < 0,05, respectivamente) y los de

Palabras clave: insulina (p < 0,01), leptina (p < 0,05) y AGNE (p < 0,05) aumentaron cuando la dieta se suplement6 con propdleo al 2 %. Se redujeron el peso

Propéleo. y la grasa corporal (p < 0,05), incrementandose la masa magra. Por (ltimo, el suplemento de propéleo mejord el depésito de calcio en el bazo,
Peso corporal. los pulmones, los testiculos y el fémur (p < 0,05).

chrn;ggsﬂgﬂdo Conclusion: .e,l suplemento de propdleo al 2 % de la dieta.produjg una disminucién de la secrecion de grerlina y ad!ponecting, incrementqndo
adiposo. Masa la concentracion de AGNE y aumentando la tasa de secrecion de insulina. Ademas, el suplemento de propdleo indujo una mejora del depdsito
magra. Metabolismo de calcio en los 6rganos diana sin afectar al resto de minerales, o que en conjunto mejora la composicion corporal al inducir una reduccion del
mineral. peso y del tejido adiposo visceral, mejorando la masa magra.
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Abstract

Introduction: propolis and its components influence lipid metabolism; however, its effect on body composition and mineral metabolism remains
unknown.

Objectives: to determine the effect of natural propolis supplementation on body composition, mineral metabolism, and the endocrine function
of adipose tissue.

Material and methods: twenty albino male Wistar rats (8 weeks old) were divided into two groups of 10 animals each. The rats were fed two
different types of diet for 90 days: a standard diet for the control group (group C) and the same standard diet + 2 % propolis (group P). Thyroid
hormones, ghrelin, leptin, adiponectin and insulin, non-esterified fatty acids (NEFA) in plasma, body composition (lean mass, fat mass and body
water), and mineral deposition in target organs (spleen, brain, heart, lungs, testicles, kidneys and femur) were assessed.

Results: thyroid stimulating hormone (TSH), trilodothyronine (T,) and thyroxine (T,) did not show any differences after supplementation with
propolis, while ghrelin and adiponectin decreased (p < 0.01 and p < 0.05, respectively) and insulin (p < 0.01), leptin (p < 0.05) and NEFA
(p < 0.05) increased when 2 % propolis was supplied, while weight and body fat were reduced (p < 0.05) and lean mass increased. Lastly, the
propolis supplement improves calcium deposition in the spleen, lungs, testes, and femur (p < 0.05).

Conclusion: propolis supplementation of the diet (2 %) causes a decrease in the secretion of ghrelin and adiponectin, increasing the release of

Body composition.

Adipyose ﬁgsue, non-esterified fatty acids and the rate of insulin secretion. In addition, propolis supplementation induces an improvement in calcium deposition
Lean mass. Mineral in target organs without affecting the rest of minerals, which improves body composition by inducing a reduction in weight and visceral adipose
metabolism. tissue, and improvement in lean mass.

INTRODUCCION enfermedades. El propdleo y sus componentes quimicos tienen

La obesidad es un problema global que ha aumentado en los
Ultimos afios en proporcién dramatica tanto en nifios como en
adultos. Esta bien establecido en la comunidad cientifica que la
obesidad esta asociada a una serie de comorbilidades, y que el
sobrepeso y la obesidad se han relacionado con un mayor riesgo
de mortalidad. Las personas obesas son mas susceptibles de
sufrir infecciones y de desarrollar mas complicaciones graves
(1). La dieta juega un papel clave en la composicion corporal
pero todavia existe informacion limitada sobre la influencia de
determinados alimentos en este sentido.

Durante muchas décadas, el tejido adiposo se considerd un
drgano pasivo que participaba exclusivamente en el almacena-
miento de lipidos en condiciones de ingesta de energia excesiva,
y que proporcionaba sustratos ricos en energia cuando otros
organos la necesitaban. Actualmente existe una nueva vision
fisioldgica del tejido adiposo como drgano endocrino, gracias al
descubrimiento de su papel central en la interaccion con otros
organos o tejidos (2).

En los sujetos obesos se ha encontrado una alteracion de la
homeostasis mineral (que se relaciona con el indice de masa
corporal y la distribucion de grasa) que podria ser de importancia
clinica, ya que se ha encontrado que la masa esquelética esta
alterada en los sujetos obesos, y los niveles bajos de calcio ioni-
zado en plasma se han asociado con complicaciones vasculares
en |os sujetos hipertensos, en quienes la obesidad se encuentra
con frecuencia (3).

El propdleo es un producto de apicultura, producido en las
colmenas, que consiste en una mezcla de saliva de las abejas,
extractos de semillas y hojas, y exudados de flora vegetal. Hasta
ahora se han aislado mas de 500 compuestos quimicos presen-
tes en el propdleo (4). Dado que los principales ingredientes del
propoleo derivan de los vegetales, su composicion quimica es
dependiente de su origen geogréfico.

El propdleo se ha utilizado en la medicina tradicional popular y
en terapias complementarias para tratar una amplia variedad de

efectos terapéuticos destacados sobre las enfermedades infeccio-
sas, la inflamacion y el cancer (5). Ademas, el propdleo también
tiene efectos beneficiosos sobre ciertos trastornos metabdlicos
(6). Concretamente, algunos polifenoles presentes en el propoleo,
como la genisteina (sioflavona) y la naringenina (flavona), pueden
inducir lipolisis en el tejido adiposo (7), y se ha demostrado que
estos componentes derivados de las plantas disminuyen la acu-
mulacion de lipidos en los adipocitos (8).

Teniendo en cuenta todo lo descrito, el presente estudio se dise-
N6 para evaluar el efecto de la suplementacion oral con prop6leo
natural al 2 % sobre la funcion endocrina del tejido adiposo, la
composicion corporal y el depdsito de minerales en drganos diana.

MATERIAL Y METODOS

ANIMALES, DISENO EXPERIMENTAL Y DIETAS

Para este estudio se utilizaron veinte ratas albinas Wistar
macho (8 semanas) con un peso medio de 215 + 10 g, suminis-
tradas por el Servicio de Animales de Laboratorio de la Univer-
sidad de Granada. Los procedimientos de cuidado animal y los
protocolos experimentales fueron aprobados por el Comité de
Etica de la Universidad de Granada de acuerdo con las directrices
de la Comunidad Europea. Se realizé un andlisis de potencia para
estimar el nimero de ratas necesarias para obtener un 80 %
de potencia con un nivel de confianza del 95 %. Se requeririan
ocho animales para obtener una diferencia del 8 % en los para-
metros hematoldgicos entre ambas dietas. De forma similar, se
requeririan 7 animales por grupo para obtener una diferencia del
10 % en los pardmetros bioquimicos entre las dos dietas. Para
garantizar el calculo de la potencia se usaron 10 ratas por grupo.

Las ratas se dividieron en dos grupos de 10 animales cada uno
y fueron alimentadas durante 90 dias con dos tipos diferentes de
dietas: una dieta estandar AIN-93M (9) para el grupo de control
(grupo C) y la dieta AIN-93M + 2 % de propdleo (que contiene
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DE UN SUPLEMENTO NUTRICIONAL DE PROPOLEQO

Tabla I. Dietas ensayadas

Componente Cantidad (g/kg)
Dieta C y Pa
Proteina (caseina) 140
Grasa (aceite de oliva virgen) 40
Fibra (celulosa micronizada) 50
Suplemento mineral® 35
Suplemento vitaminico® 10
Cloruro de colina 2,5
Almidén de maiz 621
Sacarosa 100
L-Cistina 1,8

A la dieta del grupo P se le agregd un 2 % de propdleo (que contenia

168,7 + 3,9 mg de equivalentes de dcido gdlico/100 g como compuestos
fendlicos totales, y 31,7 + 1,1 mg de equivalentes de catequina/100 g como
flavonoides totales). °El suplemento mineral se prepard de acuerdo con las
recomendaciones del Instituto Americano de Nutricion (9). °El suplemento
vitaminico se prepard segun las recomendaciones del Instituto Americano de
Nutricion (9).

aproximadamente un 50 % de resina y balsamo vegetal, un 30 %
de cera, un 10 % de aceites esenciales y aromaticos, un 5 % de
poleny un 5 % de otros compuestos) (4) para el grupo del propd-
leo (grupo P). La tabla | muestra la composicion de las dos dietas
experimentales. Los animales se colocaron en jaulas metabdlicas
individuales en una habitacién ambientalmente controlada con
una temperatura constante de 22 = 1 °C, un ciclo de luz-0s-
curidad de 12 h'y un 55 = 10 % de humedad. Se control¢ la
ingesta de la dieta (pair feed) y los animales ingirieron agua
bidestilada ad /ibitum. En el dia 90, todos los animales fueron
sometidos a un periodo de ayuno durante la noche y se deter-
mind la composicion corporal mediante resonancia magnética.
Posteriormente, las ratas fueron anestesiadas mediante inyec-
cion intraperitoneal de 5 mg de pentobarbital sodico/100 g de
peso corporal (St Louis, MO, EUA). Se extrajo completamente la
sangre mediante canulacion de la aorta y se centrifugd con EDTA
como anticoagulante (1500 x g, 4 °C, 15 min) para la obtencion
de plasma y el posterior andlisis de hormonas tiroideas, grelina,
leptina, adiponectina, insulina y acidos grasos no esterificados
(AGNE). Después se procedid a la extraccion y congelacion de
los distintos 6rganos objeto del estudio: bazo, cerebro, corazon,
pulmones, testiculos, rifiones y fémur, en los que se determind el
contenido de Ca, P, Mg, Cuy Zn tras el adecuado procesamiento
de la muestra.

EVALUACION DE LA COMPOSICION
CORPORAL

La composicion corporal de los animales se determind usan-

do un sistema de resonancia magnética cuantitativa Echo MRI
Analyzer de Echo Medical Systems (Houston, Texas, EE. UU.).
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Todas las mediciones de composicion corporal se realizaron
durante la misma franja horaria (08:00 a.m. a 03:00 p.m.). Los
animales se colocaron en un cilindro de plastico durante un breve
periodo de tiempo para limitar sus movimientos y se sometieron
a un campo electromagnético de baja intensidad para medir la
grasa, la masa magra, el agua libre y el agua corporal total.

HORMONAS TIROIDEAS, GRELINA, LEPTINA,
ADIPONECTINA E INSULINA

Las hormonas tiroideas, la grelina, la leptina, la adiponectina y la
insulina se determinaron mediante Luminex utilizando la tecnologia
X-Map. Para la determinacion de la hormona estimulante del tiroi-
des (TSH), la triyodotironina (T,) y la tiroxina (T,) se utilizo el panel
RYYMAG-30K Milliplex MAP Rat. La forma activa de la grelina, la
leptina y la insulina se determinaron usando el Panel Milliplex MAP
de RMHMAG-84K. Los niveles de adiponectina se midieron usan-
do el panel Milliplex MAP RADPCMAG-82K (Millipore Corporation,
Missouri, EE. UU.). La tecnologia X-Map se basa en inmunoensa-
yos en la superficie de microesferas magnéticas fluorescentes,
siguiendo las especificaciones del fabricante (50 eventos por medi-
da, 50 pL de muestra, configuracion de ensayo: 8000-15000, 60
segundos). La placa se leyo en el analizador LABScan 100 (Lumi-
nex Corporation, Texas, EE. UU.), utilizando el software xPONENT
para adquisicion de datos. Los valores promedio de cada conjunto
de muestras o estandares duplicados se encontraban dentro del
10 % de la media. Las concentraciones de hormona tiroidea, gre-
lina, leptina, adiponectina e insulina en las muestras de plasma se
determinaron comparando la media de las muestras duplicadas
con la curva estandar para cada ensayo.

ACIDOS GRASOS NO ESTERIFICADOS (AGNE)

Los AGNE son liberados por los triglicéridos gracias a la accion de
la lipasa, proporcionando una gran parte de la energia metabdlica.
Los AGNE se midieron usando un kit comercial (Randox Laborato-
ries Ltd., Crumlin, Reino Unido). Para ello se emplearon 50 pl de
solucion estandar o muestras de plasma. A continuacion se afiadio
1 ml de la solucion R1 a todos los tubos. Las mezclas se sometieron
a agitacion durante 5-10 segundos y se incubaron a 37 °C durante
10 minutos. Inmediatamente después se afadieron 2 ml de solu-
cion R2 y el tubo se mezcld y se incubd a 37 °C. Tras 10 minutos
de incubacion se determind la absorbancia de la mezcla a 550 nm
en un espectrofotémetro (Bio-tek, Vermont, EE. UU.). Ademas, todos
los estandares, muestras de plasma y controles se analizaron por
duplicado. El calculo de la concentracion de AGNE se ajustd usando
la siguiente ecuacion: AGNE mmol/L = (Absorbancia de la muestra
/ Absorbancia del estandar) x concentracion del estandar.

MINERALES TOTALES

Los minerales totales se determinaron por mineralizacion total
de la muestra por via himeda de los 6rganos. La muestra se
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coloca en un vaso de precipitado, se afiaden 10-12 mL de
acido nitrico concentrado (riqueza del 69 %) y se tapa el vaso
con un vidrio de reloj. Se coloca en un bafio de arena SELECTA
(Selecta, Barcelona, Espania) a una temperatura de 70-80 °C y
se espera la aparicion de vapores rojizos/anaranjados de Oxido
nitrico. Se afaden 2 mL de nitrico a la muestra, tantas veces
como Se necesario hasta la aparicion de vapores blanquecinos.
En ese momento se comienza a afiadir 10 mL de mezcla nitrico/
perclérico (4:1, v/v) en alicuotas de 2 mL cada vez hasta com-
pletar la mineralizacion. Una vez finalizada la mineralizacion,
se deja enfriar, se filtra en papel Whatman del n® 41 (libre de
cenizas) y se enrasa hasta un volumen final de 25 mL en un
matraz aforado. Como resultado final obtenemos una solucion
transparente que emplearemos en la posterior determinacion
de minerales. Las concentraciones de Ca, Mg, Cuy Zn en los
drganos se determinaron por espectrofotometria de absorcion
atomica (Perkin Elmer 1100B, Norwalk, EUA) a partir de una
muestra adecuada, previamente mineralizada por via himeda
y diluida convenientemente, comparandose frente a una serie
de patrones de concentracion conocida. En la espectroscopia
atomica se consigue que los a&tomos individuales de una especie
interactuen con la radiacion electromagnética. La concentracion
de P se analizd por espectrofotometria visible mediante un kit
comercial (Spinreact, Barcelona, Esparia).

ANALISIS ESTADISTICO

Los datos se muestran como medias + error estandar de la
media (SEM). Los andlisis estadisticos se realizaron con el pro-
grama informatico SPSS (version 25.0, 2013, SPSS Inc., Chicago,
llinois, EUA). Las diferencias entre los grupos alimentados con
dietas de control (C) o suplementadas con propéleo (P) se eva-
luaron con la prueba de la t de Student. Se estableci6 el nivel de
significacion con el valor de p < 0,05.

RESULTADOS

Los reguladores endocrinos del metabolismo basal después
de la ingesta de la dieta C o P se muestran en la tabla Il. La
hormona estimulante del tiroides (TSH), la triyodotironina (T,) y la
tiroxina (T,) no fueron diferentes tras la ingesta de las dos dietas,
mientras que la grelina y la adiponectina disminuyeron (p < 0,01
y p < 0,05, respectivamente) y la insulina (p < 0,01), la leptina
(p < 0,05) y los AGNE (p < 0,05) aumentaron cuando se sumi-
nistro propdleo al 2 % en la dieta.

Al finalizar el tratamiento con la dieta P, el peso y la grasa
corporal fueron menores (p < 0,05), mientras que la masa magra
se increment6 (p < 0,05) (Tabla Ill).

La ingesta de la dieta suplementada con propoéleo incre-
mentd el depdsito de calcio en bazo, pulmones, testiculos
y fémur (p < 0,05), mientras que no modifico el resto de
los minerales determinados en ninguno de los érganos ana-
lizados (Tabla IV).
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Tabla Il. Concentracion plasmatica
de las hormonas que influyen
en el metabolismo basal y los AGNE
en las ratas alimentadas con la dieta
de control o con la suplementada

con propoleo

Grupo C Grupo P

(n=10) (n=10)
TSH (pg/mL) 32,25 £ 2,27 32,05 + 2,11
T, (pg/mL) 13312 £ 395,47 | 13798 = 311,15
T, (pg/mL) 1335 + 77,44 1336 + 91,22
Grelina (pg/mL) 21,49 +1,43 16,63 = 0,971
Insulina (pg/mL) 645,14 + 33,87 | 739,12 + 37,01*
Adiponectina (ng/mL) 1335 +121,25 | 1114 = 110,67
Leptina (pg/mL) 1603 + 101,12 | 1975 + 112,94*
AGNE (mmol/L) 0,51 +0,08 0,64 + 0,09

TSH.: hormona estimulante del tiroides; T, triyodotironina; T,: tiroxina; AGNE:
dcidos grasos no esterificados; *Diferencias estadisticamente significativas
con respecto al grupo de control < 0,05, test de lat de Student);
"Diferencias estadisticamente significativas con respecto al grupo de control
O < 0,01, test de lat de Student).

Tabla lll. Composicion corporal
de las ratas alimentadas con la dieta
de control o con la suplementada
con propoleo

Grupo C Grupo P

(n=10) (n=10)
Peso corporal (g) 373,22 + 8,85 | 308,24 +7,31*
Grasa (%) 8,15+0,70 7,51 +0,82*
Masa magra (%) 87,11 172 | 91,52 +1,80"
Agua libre (%) 0,35+ 0,03 0,41 +0,07
Agua total (%) 74,57 0,51 75,32 +0,79

*Diferencias estadisticamente significativas con respecto al grupo de control
O < 0,05, test de lat de Student).

DISCUSION

En el presente estudio hemos encontrado que el suplemento
de propdleo al 2 % aumentd la capacidad lipolitica del tejido
adiposo y disminuyo la sintesis de lipidos, reduciendo la adiponec-
tina y la grelina secretadas, hecho que puede explicar la mejora
de la composicion corporal, la disminucion de la adiposidad v el
aumento de la tasa de secrecion de insulina, ya que esta hor-
mona actua sobre el sistema melanocortinérgico hipotalamico.
La grelina actla sobre |a pituitaria anterior, los islotes pancrea-
ticos, la glandula tiroides, el corazon y varias regiones del cere-
bro. Estimula el apetito, posiblemente a través de la activacion
de circuitos nerviosos orexigénicos, de forma coherente con los
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Tabla IV. Concentracion de minerales
en los 6rganos de las ratas alimentadas
con la dieta de control o con la
suplementada con propodleo

Grupo C Grupo P
(n=10) (n=10)
Bazo
Ca (ug/g) 208,15+ 10,35 | 252,51 +26,09*
P (mg/g) 12,82 + 0,61 12,91 £ 0,64
Mg (mg/g) 1,51 £ 0,11 1,62 0,12
Cu (ug/g) 16,21 £ 0,57 16,35 = 0,92
Zn (ug/g) 87,41 + 3,33 85,16 + 3,61
Cerebro
Ca (ug/g) 592,95 + 38,30 639,24 + 48,36
P (mg/q) 10,24 £0,10 10,27 = 0,70
Mg (mg/g) 1,29 0,02 1,28 + 0,04
Cu (ug/g) 15,56 + 0,22 16,11 £ 0,78
Zn (ug/g) 48,65 + 0,36 48,84 + 0,51
Corazon
Ca (ug/g) 388,35 + 21,50 398,52 + 21,37
P (mg/g) 5,50 0,22 5,89+ 0,19
Mg (mg/g) 1,94 0,02 2,00 + 0,09
Cu (ug/g) 19,13 £ 0,47 18,68 + 0,62
Zn (ug/q) 60,22 = 1,10 61,36 = 1,50
Pulmones
Ca (ug/g) 0,41 + 0,05 0,55 +0,03"
P (mg/g) 6,03 +0,72 6,14 + 0,28
Mg (mg/qg) 1,32 + 0,06 1,21 + 0,06
Cu (ug/g) 10,42 = 0,91 11,12+ 0,84
Zn (ug/g) 61,42 + 2,80 62,49 + 2,59
Testiculos
Ca (ug/g) 259,60 + 5,24 293,33 +5,10"
P (mg/g) 7,64 +0,29 7,70 £ 0,23
Mg (mg/q) 1,01 £0,10 1,07 £0,08
Cu (ug/g) 17,68 + 0,80 17,70 + 0,96
Zn (Ug/g) 145,69 + 2,17 143,18 £ 2,30
Rifiones
Ca (ug/g) 0,65+0,13 0,67 + 0,08
P (mg/g) 5,91 + 0,08 6,10 0,10
Mg (mg/g) 1,66 + 0,04 1,55 + 0,03
Cu (ug/g) 25,32 + 1,58 25,22 + 2,17
Zn (ug/g) 88,97 +1,95 86,21 +1,98
Fémur
Ca (ug/g) 168,4 = 3,23 182,8 £ 3,11*
P (mg/q) 122,7 = 2,51 1251 2,91
Mg (mg/g) 4,32 0,21 412 +0,14
Cu (ug/g) 81,12 = 2,01 85,31 + 2,66
Zn (ug/g) 227,37 + 2,61 228,45 + 2,82

*Diferencias estadisticamente significativas con respecto al grupo de control
(b < 0,05, test de lat de Student).
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efectos observados en los niveles plasmaticos de grelina y otros
péptidos neuroactivos, y estimula la lipdlisis con independencia de
la ingesta de alimentos, ya que se controld esta ingesta mediante
pair feed, 1o que, en conjunto, conduce a un aumento del peso
corporal y la adiposidad. Mas alla de la regulacion del apetito y
la secrecion de hormona del crecimiento (GH), los efectos de la
grelina incluyen la regulacion de la motilidad intestinal, el ritmo del
ciclo suefio-vigilia, la sensacion del sabor, el comportamiento de
busqueda de recompensas y la regulacion del metabolismo de la
glucosa, mejorando la resistencia a la insulina y la diabetes melli-
tus de tipo Il (10). EI suplemento de propdleo en la dieta también
produjo una disminucion de la adiponectina, una adipoquina que
desempefia un papel importante en la homeostasis energética y
la sensibilidad a la insulina, y que se correlaciona inversamente
con el grado de adiposidad (11), explicando la reduccion de la
masa grasa encontrada, ya que la adiponectina es producida por
el tejido adiposo y su produccion es proporcional a la cantidad del
mismo. La disminucion de los niveles de grelina y adiponectina
es opuesta al aumento de las concentraciones plasmaticas de
leptina tras la suplementacion con propéleo; por lo tanto, induciria
una disminucion del apetito. Ademas, en concordancia con otros
estudios (2), existe una asociacion inversa entre la adiponectina
circulante y las concentraciones de AGNE en el plasma, indicando
un incremento de la capacidad lipolitica inducido por el suple-
mento de propoleo en los depdsitos adiposos, lo cual influye en
la composicion corporal, disminuyendo la masa grasa y, por lo
tanto, la secrecion de adiponectina y grelina (12).

La grelina provoca una inhibicion de la secrecion de insulina
(13,14), mejorando asi la sensibilidad a la insulina en los tejidos
periféricos (15). Las ratas que portan una mutacion de pérdida
de funcion en el inhibidor de la quinasa dependiente de ciclina
p27 presentan un nimero elevado de células e productoras de
grelina, que coincide con una mayor ingesta de alimentos, una
mayor masa grasa y una menor estimulacion de la secrecion de
insulina por la glucosa (16). Mas alla de su papel como regulador
negativo de la secrecion de insulina, la grelina también parece
tener efectos protectores sobre las células B en presencia de la
diabetes de tipo | (17).

El propoleo también aumentd la tasa de secrecion de insu-
lina por otros mecanismos independietes de la grelina. Varios
estudios han evaluado los efectos del propdleo sobre el nivel
sérico de insulina en modelos animales de diabetes inducida por
estreptozocina. Dado que la estreptozocina destruye las células B
pancreaticas, los niveles de insulina en sangre disminuyen nota-
blemente. En este sentido, extractos etanolicos de propdleo (300
mg/kg/dia) protegieron parcialmente la deficiencia de insulina
inducida por estreptozocina, mejorando la sensibilidad a la insu-
lina y la funcion de las células B pancredticas (18). El propdleo es
capaz de prevenir la destruccion de las células B pancredticas por
varios mecanismos. Los flavonoides son capaces de neutralizar y
eliminar las especies reactivas del oxigeno (ERO), y la quercetina
protege las células B del dafio oxidativo (19). De hecho, se ha
descrito que la quercetina (15 mg/kg/dia durante 4 semanas)
recuperod parcialmente la deficiencia de insulina inducida por
estreptozocina en ratas (20).
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Junto con la eliminacion de las ERO en el pancreas, el propdleo
tiene un efecto directo sobre el mecanismo de secrecion de la
insulina. Las células B pancreaticas promueven la secrecion de
insulina en respuesta a la arginina. La arginina interactua con
su complejo diana para estimular la secrecion de insulina en el
reticulo endoplasmico de las células B. El propdleo fue capaz
de mimetizar los efectos de la arginina en lineas celulares B
pancreaticas NIT-1. El propdleo (0,01 %) mostro un efecto mas
prominente que el de la arginina sobre la secrecion de insulina,
lo que sugiere que ejerce otros efectos estimulantes adicionales,
que no han sido descritos, sobre la secrecion de insulina (21).
Los mismos autores también demostraron que la administracion
de propdleo produjo un aumento de la concentracion de insulina
circulante en ratones no diabéticos, junto con una disminucion de
la glucosa en sangre (21). Varios compuestos quimicos presentes
en el propdleo mejoran de forma independiente la tasa de secre-
cion de insulina. El &cido cafeico (15-30 mg/kg durante 5 sema-
nas) mejoro significativamente el nivel de insulina en ayunas y
la tolerancia a la glucosa en ratones tratados con estreptozocina
(22). La crisina (100 mg/kg/dia durante 30 dias) también mejord
la sefializacion de la insulina (23). Ademas, otros compuestos,
como la galangina (10-80 M) y la pinocembrina (1-4 M), mejo-
raron la resistencia a la insulina y potenciaron la acumulacion de
glucogeno inducida por insulina en células HepG2 resistentes a
la insulina (24).

El suplemento de propdleo en la dieta causd una reduccion del
peso y del tejido adiposo visceral, mejorando la masa magra. Se
sabe que el incremento de los lipidos plasmaticos causa obesidad
y resistencia a la insulina, y que el perfil lipidico se ve afectado por
la dieta y los 6rganos reguladores, como el higado, el tejido adi-
poso y el musculo. Estudios previos (25) han informado de que el
propoleo reduce significativamente la actividad de la enzima &cido
graso-sintasa en los grupos tratados con extracto de propdleo,
sugiriendo que uno de los mecanismos responsables del efecto
inhibitorio sobre la acumulacion de tejido adiposo visceral es la
disminucion de la sintesis de acidos grasos. Diversos estudios
han demostrado un papel crucial de las células inmunes del tejido
adiposo en la inflamacion cronica y en el desarrollo del sindrome
metabdlico. Se ha demostrado que las células inmunes T CD4+,
las células T CD8+, las células T reguladoras y los eosindfilos
contribuyen a la diferenciacion de los macréfagos inflamatorios
y, en este sentido, Kitamura y cols. (26) propusieron que el pro-
poleo mejoraria los niveles de glucosa en sangre y el colesterol
plasmatico a través de su efecto sobre las células inmunes del
tejido adiposo. Sakai y cols. (27) mostraron que la reduccion de
la infiltracion de las células inmunes en el tejido adiposo provoca
una reduccion de la acumulacion de grasa y/o una atenuacion de
la ganancia de peso corporal durante el tratamiento con propoleo
en ratones. En este estudio, el peso y el contenido de grasa de
las heces de los ratones tratados con propdleo se incrementd con
respecto a los valores hallados en las heces de los ratones que
no recibian este compuesto. El propdleo contiene una variedad
de compuestos quimicos que pueden explicar la disminucion de
la adiposidad encontrada. Se ha demostrado que el acido fertlico
promueve la pérdida de peso en las ratas y mejora la glucemia en
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los ratones alimentados con una dieta alta en grasas (28,29). El
kaempferol mejora la hiperglucemia, la hiperinsulinemia y el perfil
lipidico (30). Ademas el &cido p-cumérico incrementa la expresion
de carnitina, mejorando el metabolismo lipidico hepético (31).

A pesar de que el propdleo tiene un alto contenido de resinas (4)
y estos compuestos poseen la capacidad de inhibir la absorcion de
minerales de la dieta por su efecto quelante, no se han observado
efectos adversos sobre los niveles plasmaticos o el metabolismo
de los minerales estudiados. De hecho, en el presente estudio se
ha encontrado una mejora del depdsito de calcio en los drganos
diana. El aumento del depdsito de calcio en bazo, pulmones, tes-
ticulos y fémur puede deberse a la mayor digestibilidad del calcio
en los animales alimentados con el suplemento de propdleo, que,
como se ha publicado previamente (32), contiene aminodacidos
libres, como la lisina, el aspartato, el glutamato y la ornitina, que
favorecen la absorcion del calcio. Otro mecanismo que explica el
mejor depdsito de calcio en los 6rganos diana es su contenido en
cido 4-hidroxibenzoico, que favorece la solubilidad del calcio de
la dieta, aumentando asi la absorcion de este mineral (33).

Por (ltimo, la mejora de la composicion corporal también puede
atribuirse a la mejora de la homeostasis del calcio que se ha
encontrado con el propdleo. Se ha demostrado que en los sujetos
obesos existe un aumento de la union del calcio a las proteinas
plasmaticas, en lugar de a las proteinas transportadoras de cal-
cio. El calcio intracelular ionizado desempefia un papel clave en
la regulacion del metabolismo de los adipocitos al modular las
reservas de triglicéridos. Debido a que las hormonas calciotropi-
cas regulan el calcio intracelular, la supresion de estas hormonas
cuando aumenta la biodisponibilidad del calcio redirige la energia
de la dieta desde el tejido adiposo hacia la masa magra corporal y
la termogénesis (34,35); también el calcio de la dieta en el tracto
gastrointestinal conduce a la precipitacion de jabones insolubles
de &cidos grasos que hacen que la grasa esté menos disponi-
ble para su absorcion (35). Ademas, varios estudios (36-38) han
demostrado que la suplementacion de calcio en la dieta produce
efectos beneficiosos sobre la reduccion del peso, la grasa corporal
y la homeostasis de la glucosa en ratones y seres humanos.

CONCLUSION

En el presente estudio hemos encontrado que el suplemento de
propdleo al 2 % de la dieta produjo una disminucion de la secre-
cion de grelina y adiponectina, incrementando la concentracion
de AGNE y la tasa de secrecion de insulina. Ademas, el suple-
mento de propdleo indujo una mejora del depdsito de calcio en
los 6rganos diana sin afectar al resto de los minerales, 1o que en
conjunto mejord la composicion corporal al inducir una reduccion
del peso y del tejido adiposo visceral, mejorando la masa magra.
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Abstract

Disease-related malnutrition represents an imbalance between the intake and the requirements of energy and nutrients. It produces a series of
metabolic and functional changes in the body. There are multiple limitations in the classic parameters for nutrition assessment including body
mass index, weight loss, food intake, or standard laboratory parameters such as albumin or lymphocytes. We can establish some points of inter-
est in this new approach to nutrition focused on the assessment of nutritional status by evaluating changes in composition and function using
parameters such as PhA and other electrical measurements of bioimpedance, dynamometry, functional tests, muscle ultrasound, or laboratory
parameters such as CRP/prealbumin.

Each of these parameters has a number of uses and limitations that should be understood when evaluating its ability to diagnose malnutrition as
related to disease, its concordance with other tests, and its prognostic value. Emerging nutritional parameters for future use should be sensitive,
specific, and interrelated to allow a better understanding of each patient’s status at different time points during their disease.

Resumen

La malnutricion relacionada con la enfermedad representa un disbalance entre el aporte y los requerimientos de energia y nutrientes, que
produce una serie de cambios metabdlicos y funcionales a nivel corporal. Existen mdltiples limitaciones de los parametros clasicos de valoracion
nutricional, como el indice de masa corporal, la pérdida de peso, la ingesta o los parametros analiticos clasicos, como es el caso de la albimina
0 los linfocitos. Sugerimos un nuevo enfoque de la nutricion clinica centrado en la valoracion del estado nutricional del paciente evaluando los
cambios de composicion y funcion con nuevos parametros como el angulo de fase y otras medidas eléctricas de la bioimpedanciometria, la
ecografia nutricional®, los nuevos parametros analiticos como el cociente PCR/prealbtimina, la dinamometria o los test funcionales.

Cada uno de estos parametros tiene una serie de utilidades y limitaciones que es importante conocer a la hora de evaluar su capacidad de
diagnosticar la desnutricion relacionada con la enfermedad, la concordancia con otros tests y su valor pronéstico. La nueva visién global de la
nutricion clinica deberia integrar diferentes aspectos de composicion y funcion del organismo para poder establecer un diagndstico mas preciso
de la situacion nutricional y un plan terapéutico individualizado. Los parametros nutricionales emergentes deben ser sensibles y especificos, y
estar relacionados entre si, de forma que permitan un mejor conocimiento de la situacion particular de cada paciente en los diferentes momentos
evolutivos de su proceso patolégico.
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INTRODUCTION

Disease-related malnutrition (DRM) represents an imbalance
between energy and nutrient intake, and energy and nutrient
requirements, leading to metabolic and functional changes that
usually are hardly noticeable in early stages but can be assessed
as changes in nutritional status and body composition (BC) mark-
ers during the course of disease (1). The Global Leadership Initia-
tive on Malnutrition (GLIM) was convened in order to respond to
the needs of the clinical nutrition and medical communities, with
global reach, to focus on standardizing the clinical practice of DRM
diagnosis. It is a two-step model. The assessment for diagnosis
and DRM severity grading was based on five top-ranked criteria,
including three phenotypic criteria (non-volitional weight loss, low
body mass index, and reduced muscle mass) and two etiologic
criteria (reduced food intake or assimilation, and inflammation or
disease burden) (2).

These phenotypic and etiologic criteria can be useful in clinical
practice to diagnose complex clinical situations such as cachexia
and sarcopenia, and to support the management of these patholo-
gies. As a result of the development of these criteria, the American
Society for Parenteral and Enteral Nutrition (ASPEN) conducted a
systematic review to validate BC methods (3). Morphological and
functional criteria need to be evaluated within this classification
for a better understanding of their clinical utility. There are other
reference methods for BC assessment such as dual-photon X-ray
absorptiometry (DXA) (4), but the technique is expensive and diffi-
cult. These limitations reduce its use in clinical practice.

Classic bioelectrical impedance analysis (BIA) estimates BC
indirectly based on predictive equations, which limit its clinical
use. Multi-frequency spectroscopic and segmental BIA devices
open up a range of possibilities for other measurements such
as monitoring body fluids. Vectorial BIA provides raw electrical
values: impedance (2), resistance (Rz), reactance (ch and phase
angle (PhA). Its direct application or vector representation have
proven useful to assess BC changes in the short term, and act as
a specific nutritional status marker, nutritional prognostic indicator,
and morbidity and mortality risk indicator (5-7). In this sense, PhA
provides a measurement for energy (electrical) changes, which is
related to cell function and the composition of the internal envi-
ronment, not from a molecular point of view but from a bioelectric
one. Changes in cellular and tissue bioenergy are sensitive to
nutritional and metabolic changes, and therefore provide com-
prehensive information about tissue composition and functionality.

The use of ultrasound for the morphological and structural study
of muscle mass is to determine muscle architecture parame-
ters such as muscle thickness, fascicle lengths, and pennation
angles (8). Ultrasound has the advantage of being relatively
affordable, is portable, and produces no ionizing radiation. More
clinical research is needed to help establish evaluation patterns
for ultrasound results that correlate with morbidity and mortality
outcomes and other health indicators. We need to classify adipose
tissue to complete BC assessment as the second component of fat
mass (FM). In this sense, publications have been referenced with
subcutaneous adipose tissue (SAT) at the level of the femoral area
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with muscle studies, and in the abdominal area with the possibility
of evaluation of subcutaneous and visceral fat (9).

Classic laboratory data need to be adapted to more specific
biomolecular markers that assess nutrition, inflammation (CRP/
prealbumin), metabolic changes, etc. Functional assessment is
always necessary not only for nutritional diagnosis but also to
assess functional changes (10). Nowadays, estimated muscle
strength using handgrip dynamometry should complement nutri-
tional status assessments. Global assessments of body function
remain to be systematized. Functional tests such as the Timed
Up and Go (TUG) test, Gait Speed, or the Barthel Index (BI) should
be included in nutritional assessments as they complement BC
data (11).

It would be important, in this regard, to consider the incor-
poration of parameters for nutritional assessment that should
be practical, sensitive, and specific, as well as reproducible in
patient follow-up. In addition, these parameters should be con-
vergent with other diagnostic tools for malnutrition, as well as
capable of predicting clinical prognosis. We must provide a global
view of all these techniques rather than the contribution of each
one, that is, a morphofunctional assessment of DRM as a whole.
The fundamental value of these techniques is their incorporation
into routine clinical practice.

The most commonly used parameters of nutritional interest in
clinical practice and their evolution are described in the figure
below (Fig. 1). Some of them have been clearly established, clas-
sic nutritional parameters such as weight loss, BMI, skinfolds,
circumference measurements, albumin, lymphocytes, cholesterol,
and food intake, while other novel parameters for clinical nutrition
are now emerging, and their introduction into clinical practice is
generating an increasing amount of interest, such as BIA and
PhA measurements, nutritional ultrasound, CRP/prealbumin,
dynamometry, and functional tests.

Many of the classical parameters have a different diagnos-
tic value in DRM. These parameters are included in most DRM
screening tools and assessment tools (MUST, MNA, NRS-2002,
SGA, etc.). For example, albumin is a global marker of morbidity
and mortality that correlates with disease severity but loses spec-
ificity when considered of purely nutritional value. On the other
hand, intake assessment with sensitive techniques applicable to
clinical practice is a fundamental factor in the detection of DRM,

Weight loss Bioelectrical impedance analysis:
electrical parameters and body composition
Anthropometric parameters:
Nutritional ultrasound
BMI, skinfolds and circumferences
New biochemical parameters:
Biochemical parameters: albumin, CRP/Prealbumin Ratio
lynphocites and cholesterol
Dynamometry

Food intake Functional tests

Figure 1.
Evolution of parameters for nutritional assessment. Source: own elaboration.
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Figure 2.

Morphofunctional parameters in the diagnosis of DRM and their possible application, adapted to the recent GLIM criteria. Source: own elaboration.

and must be understood as an essential part of the diagnostic
criteria (GLIM CRITERIA) (2).

The aim of this publication is a narrative review of all the poten-
tially useful parameters for nutritional assessment, with a practical
contextualization of commonly used tools in clinical practice, and
an assessment of present and future application options.

MORPHOFUNCTIONAL PARAMETERS
IN CLINICAL NUTRITION

The definition, usefulness, and limitations of the most common-
ly used parameters of nutritional interest in clinical practice are
described throughout the article.

These morphofunctional parameters in the diagnosis of DRM
could be applied to the recent GLIM criteria, contributing to mea-
sure some different etiologic and phenotypic criteria as described
in figure 2.

CLASSIC PARAMETERS IN CLINICAL
NUTRITION

WEIGHT LOSS

Weight is the simplest method, and is important, to assess
nutritional status but is not sensitive enough for the early detec-

tion of DRM (12). The clinical use of weight loss is important
when screening patients for risk of DRM, as well as for DRM
diagnosis and to estimate nutritional requirements (13). According
to the GLIM criteria, losing more than 5 % of body weight within
6 months, or more than 10 % beyond 6 months (2), is one of the
phenotypic criteria used to diagnose DRM.

There are several potential limitations such as: lack of infor-
mation about usual weight, presence of oedemas, or other alter-
ations in hydration status (12,14). Involuntary weight loss is a key
parameter for nutritional assessment as it indicates a negative
energy balance (15). It should be a required value in a patient’s
medical record.

ANTHROPOMETRIC PARAMETERS: BODY
MASS INDEX, SKINFOLDS,
AND CIRCUMFERENCES

Body mass index (BMI) (16) is calculated by taking a patient’s
weight in kilograms and dividing it by their height squared in
meters (BMI = weight [kg] / height [m?]).

BMI is an anthropometric measure used for defining DRM
cut-off points, using BMI values < 20 kg/m2 for people under
70 and < 22 kg/m2 for patients over 70 years of age (17).
Based on the GLIM criteria, severe DRM corresponds to BMI val-
ues < 18.5 kg/m2 in people under 70 and < 20 kg/m2 in patients
over 70 years of age (2).
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BMI has low sensitivity for the early detection of DRM (21 %
sensitivity and 95 % specificity) (12). Furthermore, it has been
observed that catabolic patients may lose more than 10 % of their
weight over 3-6 months and have BMI values above the normal
range (17). It is a required parameter in nutritional assessment,
but it is not an exclusion criterion for diagnosing DRM (18).

Skinfolds and muscular circumferences are useful at the
individual level but are limited due to the difficulties inherent in
extrapolating a clinical result and its variability during short-term
follow-up. They provide a measure of the depletion or excess
of adipose tissue and the muscular protein compartment, but
indirectly and always in relation to BMI (12,19).

BIOCHEMICAL PARAMETERS: ALBUMIN,
LYMPHOCYTES, AND CHOLESTEROL

Biochemical parameters such as albumin, lymphocytes, and
cholesterol are general health markers that provide indirect
information about nutritional status due to their correlation with
whole-body protein, energy status, or nutrient balance. Albumin,
the main visceral protein, is the most established marker because
of its high correlation with morbidity and mortality in different
clinical situations (20,21). These biomarkers are exposed to many
interferences from inflammatory processes since many of them
behave like acute phase reactants in them (21).

Total lymphocyte count and low cholesterol levels, which are
usually included in automated screening methods, show an indi-
rect correlation with energy restriction and are included in different
DRM diagnostic and coding systems (22,23). However, they are
not included in the GLIM criteria for the diagnosis of DRM (2).

FOOD INTAKE

An insufficient nutrient intake is an etiologic factor for DRM
during iliness due to different factors, as reported in the GLIM
criteria (2). Food intake is determined with the use of categories
to measure the amount of food eaten by patients during a period
of time. Quartiles of intake is the most frequent semi-quantitative
method used in different diagnostic test approaches, and is useful
when setting therapeutic guidelines for the nutritional support
required (24,25). Food intake assessment methods require col-
laboration by patients.

Lack of intake is the presumption of future DRM. Anorexia is one
of the main symptoms associated with disease. This factor and
increased requirements due to the inflammatory process cause
intake restriction, which can lead to DRM.

EMERGING PARAMETERS IN CLINICAL
NUTRITION

There are emerging techniques that provide information in the
analysis of BC and functionality such as BIA and PhA measure-
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ments, nutritional ultrasound, CRP/ prealbumin, dynamometry,
and functional tests. These techniques are accessible to routine
clinical practice. On the other hand, there are other standardized
techniques to measure BC that are focused on research studies
such as DXA and Computed Tomography (CT). These emerging
techniques are exploration techniques that can be applied as
many times as needed to assess nutritional status, are not inva-
sive, and do not pose any risks to patients from ionizing radiation,
which does not imply that we can use DXA and CT techniques
whenever they are available. The difference is that these emerging
techniques cannot be planned prospectively for the clinical course
of patients in clinical nutrition.

BIOELECTRICAL IMPEDANCE ANALYSIS

BIA is a classic BC technique. However, for years the direct
bioelectric data that avoid the bias and errors introduced by for-
mulas and equations have not been studied in depth. In recent
years, the analysis of bioelectric data has been re-emerging due
to its correlation with prognostic factors and its non-dependence
on predictive formulas.

BIA results can be divided into BC electrical parameters and
laboratory indices. Each one of these areas focuses on different
aspects of BC and function. Bioelectric parameters are raw mea-
sures obtained with the direct measurement without interference
of anthropometric factors such as weight or age. BC parameters
are based on the application of predictive equations for the calcu-
lation of the different fat free mass (FFM) and FM compartments,
adjusted for clinical variables. This point is important due to the
possibility of error and inaccuracies derived from the use of pre-
dictive formulas or their application in a specific clinical area.

The global and muscular indices obtained by recalculation of
bioelectrical and clinical parameters contribute more information
to the clinical course of specific aspects such as muscle structure
and function, or the degree of hydration or nutrition of the body.
Different formulas determine varying results between measure-
ments, with a possible interference of anthropometric and clinical
factors.

This emerging technique has a number of limitations that are
inherent in the measurement technique and the characteristics
of the different devices with their bioelectric measurement plates.
The most important biases also affect measurement protocols
with the possibility of intra- and inter-observer bias. They are not
widely used techniques in nutrition units due to the limited number
of normal population references (percentile tables by age and sex)
and of individualized cut-off points for each pathology in order to
enable clinical decision-making (3).

BIA electrical parameters
BIA is an indirect method to measure BC, based on the human

body’s ability to conduct electricity. The current is transmitted
through liquids and electrolytes, while fat and bone are not really
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Figure 3.

Graphical representation of impedance components: Xc: reactance; Z: impedance;
Rz: resistance; ¢: phase angle. Source: own elaboration.

conductors (26,27). Through raw impedance parameters, such
as Rz and Xc, the PhA can be obtained (PhA = arc tangent (Xc
/ R) x 180 ° / m). By definition, PhA is positively associated with
tissue reactance (associated with cell mass, integrity, function,
and composition) and negatively associated with resistance, which
depends mainly on the degree of tissue hydration (26,27) (Fig. 3).

At present, BIA is probably the most widely used method to
study BC in different contexts, mainly because of its low cost,
because it is easy to use and transport, and because inter-ob-
server variability is lower than with other techniques (6,25). PhA
is considered a good indicator of cell integrity and has been pro-
posed as a nutritional status marker for adults and children after
having been studied in the setting of numerous pathologies. It
has also been proposed as a useful prognostic marker for several
clinical conditions. Several authors also suggest that it may be a
useful tool to evaluate the progression of disease. In general, lower
levels of PhA suggest a worse prognosis and greater morbidity
and mortality (28,29).

In healthy populations, PhA varies physiologically depending on
sex, age, BMI, and race. Several authors have studied the refer-
ence values for PhA according to variables in healthy populations,
and they are between 5.5 and 9 ° (30). At present, the absence
of reference values for the Spanish healthy population and for
different pathologies limit its use in everyday clinical practice. It
is important to follow the protocol for measuring and positioning
the patient.

BIA and body composition

There are different aspects in the analysis of BC by BIA. There
is the analysis of water and BC and, on the other hand, the mea-
surements and muscle indexes that are of great interest in the
GLIM criteria (2).

BIA BC data provide information about the different body com-
partments (FFM and FM) and also about hydration: total body water
(TBW), extracellular water (ECW), and intracellular water (ICW). We
can also obtain direct muscle data such as Appendicular Skeletal
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Muscle Index (ASMI), Fat Free Mass Index (FFMI), and Appendicular
Lean Mass (ALM). All of these parameters have are high-value
because they focus on the distribution of body compartments with
great relevance in nutritional assessment. GLIM recommended cut-
off values for muscle mass reductions from the European Working
Group on Sarcopenia in Older People (EWGSOP), and from The
Foundation of National Institute of Health (FNIH) initiative and
the Asian Working Group on Sarcopenia (AWGS) (2).

The global indices provide information about different aspects
as adapted to clinical practice.

NUTRITIONAL ULTRASOUND

The use of ultrasound is an emerging technique that is based
on the application of ultrasound to determine the surface of mus-
cle tissue. Particularly, ultrasound analysis allows us to measure
key muscle architecture parameters such as muscle thickness,
fascicle length, and pennation angles (8).

Muscle ultrasound techniques

Most studies focus their attention on the rectus femoris mus-
cle of the quadriceps or on combinations of muscle groups that
involve major muscle bundles with an important functional role
on the patient’s gait or basic activities of daily living (BADLS).
Measurement of the rectus femoris muscle of the quadriceps is
one of the most widely used approaches because of its correlation
with force and functional execution or performance tests (31).

Currently, all definitions of DRM include its effect on muscle
mass measurements; however, there is not just one assessment
method. Classic imaging techniques such as DXA, computed
tomography, and magnetic resonance imaging are considered
“gold standards” but their clinical application is difficult under
routine conditions (8,32).

Adipose tissue ultrasound techniques

Ultrasound techniques to assess adipose tissue (FM com-
partment) in clinical nutrition evaluate subcutaneous (superficial
and deep-layer) and visceral adipose tissues (Hamagawa's tech-
nique) (9). Figure 4 describes the available nutritional ultrasound
techniques.

The clinical utility of this technique is to assess fat distribution
and correlate this with clinical variables. Each type of adipose
tissue may be related to different functions. The superficial sub-
cutaneous fat layer is related to energy reserve. The deep sub-
cutaneous fat layer may play a role in neuroendocrine regulation
via the secretion of adipokines (adiponectin). The preperitoneal
visceral adipose tissue is a visceral ectopic tissue, the equivalent
of hepatic steatosis and other pathological adipose tissues. The
clinical value of visceral deposits is related to metabolic manifes-
tations such as diabetes or atherosclerosis.

[Nutr Hosp 2021:38(3):592-600]
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Figure 4.
The techniques of nutritional ultrasound. Source: own elaboration.

Ultrasound has the advantage of being relatively affordable and
portable, and produces no ionizing radiation. Several studies have
confirmed the reliability of this technique to measure the size of
the quadriceps muscle in a healthy population. Studies have been
published on the reliability of rectus femoris ultrasound measure-
ments with an intraclass correlation coefficient (ICC) of 0.97 (95 %
Cl: 0.92-0.99) for test-retest reliability of this technique (33).
A femur muscle area below 5.2 is associated with frailty, which
involves a worse survival prognosis (34). There are also studies on
the application of ultrasound measurements in clinical practice for
the nutritional assessment of different pathologies, for example in
critical patients (35) and the elderly (36).

The main limitation is the uniform application of this measure-
ment in clinical practice, or the recommendations for evaluating
nutritional status. More clinical research is needed to help estab-
lish evaluation patterns for ultrasound results that correlate with
morbidity and mortality outcomes and other health indicators.

There are other morphofunctional techniques such as CT,
magnetic resonance imaging, and DXA that have been shown
in multiple studies to have high precision and reliability (37), and

[Nutr Hosp 2021;38(3):592-600]

provide diagnostic values for the evaluation of muscle mass and
sarcopenia with an association with morbidity and mortality (38),
especially in cancer patients, since they provide images that are
used for the planning of radiotherapy treatment (39); however,
they have the limitation of poor applicability in clinical practice
because of limitations such as exposure to ionizing radiation, and
need for specific skills and knowledge of anatomy to interpret
results, in addition to limited availability and high cost. The objec-
tive of this narrative review is to analyze DRM screening and
diagnostic techniques that can be implemented in routine clinical
practice.

BIOCHEMICAL PARAMETERS:
CRP/PREALBUMIN RATIO

Prealbumin, a protein that transports thyroxine, is much more
sensitive to any changes in whole-body protein status than albu-
min and transferrin, because it has a very short half-life (2-3 days).
Unlike albumin, hydration status does not affect prealbumin (40).
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Its association with ultra-sensitive C-reactive protein (CRP) levels,
a pure marker for inflammation in the body, may increase its
interest as a predictor of morbidity and mortality, and of nutritional/
inflammatory changes (21,41).

Prealbumin is considered by some scientific societies the best
laboratory protein parameter to monitor nutritional status and its
therapeutic changes (13). As with the rest of plasma proteins, infec-
tions and other acute inflammation processes can interfere with its
results (42). In critical patients a cut-off point of > 0.24 for the CRP/
prealbumin ratio (CRP mg/dL / prealbumin mg/dL) has been found
to be a predictor of mortality and of hospital stay extension (43,44).

More prospective studies are needed to provide cut-off points,
involving therapeutic approaches with clinical benefits for patients.

DYNAMOMETRY

Dynamometry is a functional method to assess muscle strength
that measures handgrip strength. It is easy and quick to carry out.
It has good reproducibility and a high sensitivity and specificity
for the prediction of post-surgical complications, stay in hospital,
higher rate of readmissions, and a decline in physical condition
(12,45,46).

Dynamometry has become a general marker for nutritional sta-
tus and is being used as a variable result in nutritional interven-
tional studies (46). This parameter is very sensitive to re-nutrition
changes, which is why it is very useful when monitoring the effects
of nutritional therapy even in the short or medium term (12).

Jamar® dynamometers are most widely used in internation-
al studies, and have several handle positions. Measurements
obtained must be compared with population average values
according to age and sex in tables. Sanchez et al. have published,
in their epidemiological study “Pizarra”, the reference values for
dominant hand muscle strength for this type of dynamometer in
a Spanish population to assess DRM. Apart from this, they con-
cluded that hand grip dynamometry is associated with lean mass
(LM), which confirms its usefulness in nutritional assessment (47).

It should be noted that hand grip strength measurements are an
indicator of upper limb strength and, even if they have predictive
potential, they should not replace the evaluation of activities of
daily living (ADLs), the strength of lower limbs, or gait speed in
fragile populations such as the elderly or patients suffering from
neuromuscular disorders (46).

There are some limitations related to hand grip measurements;
for example, there are no measurement protocols. Another lim-
itation is that they require the collaboration of the patient (45).
However, key application scenarios are still to be defined for nutri-
tional screenings as a diagnostic measurement or for monitoring
nutritional recovery.

FUNCTIONAL TESTS

Functionality can be measured through self-reported scales or
rating scales based on the reports of others, or through objec-
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tive performance or execution tests. Basic activities of daily living
(BADLs) include self-care, mobility, and transfer activities, which
are mainly necessary to maintain independence at home (48).

The BI (also known as The Maryland Disability Index) is one of
the best scales to assess BADLs (49). Studies have shown that
patients at risk of DRM or with DRM show a decline in ability to
perform BADLS, resulting in greater functional dependence (50).
Bl provides measurements that are easy to apply and interpret
with a high degree of reliability and validity. In addition, it can be
adapted to different cultural environments, and is useful to monitor
the progress of patient functionality (49).

TUG test measures the time a patient takes to rise from a chatrr,
walk 3 meters, turn, walk back, and sit down again (51). This is
a quick test, easily included in clinical practice, that requires no
special training for the staff in charge, provides good inter-ob-
server and intra-observer reliability, has adequate validity, and
can predict fall risks with a sensitivity and specificity higher than
80 % (48).

A functional diagnosis of patients is important for DRM. This
should include evaluating their activity and monitoring any clinical
changes over time in order to implement therapies to improve bal-
ance, stability, and gait to reduce dependence and/or disability. In
the end, the ultimate purpose is the patient’s functional recovery,
with positive changes in weight, FM, FFM, and functionality.

CONCLUSIONS AND FUTURE LINES
OF RESEARCH IN THE FIELD OF CLINICAL
NUTRITION

In clinical nutrition, due to the absence of universally accepted
criteria to define DRM based on standard parameters that may be
applied to clinical practice, it has become essential to establish
lines of research to provide results that help implement a clin-
ically accurate approach, based on final health outcomes. The
loss of LM affects the clinical outcome of both acute and chronic
illnesses, and as such, its assessment is of particular interest in
clinical nutrition. The application of emerging techniques such as
BIA and nutritional ultrasound is becoming increasingly important
for nutritional status assessment.

Regarding BIA, despite its being an indirect method and having
limitations in obese patients with BMI > 35 kg/m? and other popu-
lations, evolution towards multifrequency devices, the introduction
of specific software, and most particularly the assessment of raw
parameters such as PhA allow a direct approach to cell function
and health status measured as body cell mass (BCM) and both
intracellular and extracellular hydration status (52). Considering
PhA, there are at least 19 clinical trials in subjects with different
pathologies: cancer patients, critically-ill patients, elderly patients,
patients with amyloidosis, etc., which explore the future appli-
cation of this parameter for studying and monitoring patients in
clinical practice (see at https://clinicaltrials.gov/; condition or dis-
ease: phase angle).

It is necessary to perform a standardization of imaging tech-
niques such as nutritional ultrasound and CT to establish refer-
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ence values and critical points for decision-making. On the other
hand, more prospective studies are needed to assess its prognos-
tic value in the field of nutritional intervention for DRM in order to
evaluate response times and to describe the minimum clinically
significant change in all these parameters. These techniques
must be correlated with other classical parameters of nutritional
assessment already established that provide nutritional prognostic
value (e.g., subjective global assessment, SGA).

Functional changes in clinical nutrition must be studied in depth
as they are closely related to health outcomes. Some studies are
being conducted regarding hand dynamometry, TUG testing. and
other functional tests to evaluate the role nutritional intervention
plays in a patient’s functional recovery.

In the future, specific biochemical markers for muscle proteins,
adipose tissue, and different metabolic pathways that provide
information on DRM and inflammation status shall be equally
validated. It is necessary to develop an expert positioning on the
applicability of these techniques and their incorporation into rou-
tine clinical practice.
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Resumen

El estrés quirtrgico predispone a los pacientes a la disfuncion inmune y a un mayor riesgo de infeccion. Los pacientes quirtrgicos desnutridos
presentan una mayor morbimortalidad posoperatoria, mayores tasas de reingreso y costes hospitalarios mas elevados. En las guias de la ESPEN
se asocia el uso de una formula inmunomoduladora a una reduccién significativa de los problemas de la cicatrizacion de heridas, de los fallos
de la sutura y de las complicaciones infecciosas y globales. Varios autores han sugerido que, dado que la mayoria de los ensayos clinicos que
evallian la eficacia de la inmunonutricion se han realizado en un entorno perioperatorio tradicional, seria interesante investigar su eficacia en un
entorno mas controlado, como en el protocolo ERAS (Enhanced Recovery after Surgery). El objetivo de este trabajo es: a) definir el papel que debe
jugar la inmunonutricion en los protocolos ERAS sobre la base de la mejor evidencia cientifica; b) analizar las dificultades que siguen existiendo
en la préctica clinica real para realizar el cribado del riesgo nutricional del paciente; c) proponer unos algoritmos adaptados a las caracteristicas
de nuestro entorno sobre el cribado, la valoracion y el tratamiento nutricional del paciente quirdrgico en modalidad fast-track.

Abstract

Surgical stress predisposes patients to have immune dysfunction and an increased risk of infection. Malnourished surgical patients have higher
postoperative morbidity and mortality rates, higher readmission rates, and higher hospital costs. The use of an immunomodulatory formula is
associated in the ESPEN guidelines with a reduction in wound healing problems, suture failure, and infectious and global complications. Several
authors have suggested that, since most clinical trials evaluating the efficacy of immunonutrition have been carried out in a traditional perioperative
setting, it would be interesting to investigate its efficacy in a more controlled setting, such as in the ERAS (Enhanced Recovery after Surgery)
protocol. The objective of this work was: a) to define the role that immunonutrition should play in ERAS protocols based on the best scientific
evidence available; b) to analyze the difficulties that continue to exist in real-life clinical practice to screen the nutritional risk of patients; c) to
make a proposal of algorithms adapted to the characteristics of our environment regarding the screening, assessment, and nutritional treatment
of surgical patients in fast-track surgery.
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INTRODUCCION

El estrés quirtrgico predispone a los pacientes a la disfuncion
inmune y a un mayor riesgo de infeccion. Este riesgo es aun
mayor cuando el paciente esta desnutrido antes de la agresion
quirdrgica (1-2). Un estado nutricional suboptimo predice, de
manera independiente, peores resultados posquirlirgicos, y los
pacientes quirdrgicos desnutridos presentan una mayor morbi-
mortalidad posoperatoria, mayores tasas de reingreso y costes
hospitalarios mas elevados (3).

A'lo largo de las ultimas décadas se han estudiado diversas
estrategias nutricionales con la finalidad de paliar los efectos de
la desnutricion sobre la funcion inmunitaria y prevenir la apari-
cion de complicaciones en el paciente quirtirgico. Una de estas
aproximaciones es la inmunonutricion.

La inmunonutricién se define como “la administracion de
nutrientes que tienen efectos tanto nutritivos como farmacold-
gicos, con la finalidad de contrarrestar la desnutricion y la dis-
funcion inmune” (4). Cuando esos nutrientes se administran en
cantidades superiores a las fisioldgicas con el objetivo de inducir
efectos farmacoldgicos, pasan a ser denominados inmunonutrien-
tes (4). Los inmunonutrientes que se han estudiado con mayor
profundidad aparecen en la tabla .

Sin embargo, es importante tener presente, ademas de los
inmunonutrientes y para asegurar el beneficio clinico, otros fac-
tores como el momento de la administracion (pre-peri-posope-
ratorio) o la duracion del tratamiento, que también van a influir
en la eficacia de la intervencion (3). Al mismo tiempo, los inmu-
nonutrientes administrados de manera aislada no han logrado el
mismo nivel de eficacia clinica que los estudios que combinan
varios inmunonutrientes en una concentracion determinada, sugi-
riendo: a) que se produce una accion sinérgica entre ellos (3,5) y
b) que algunas formulaciones son mas eficaces que otras en la
prevencion de complicaciones posteriores a la cirugia.

Toda esta complejidad inherente a la inmunonutricion se
suma a la ya existente para mantener al paciente adecuada-
mente nutrido en el entorno perioperatorio; por ejemplo, en sus
dos primeras semanas de estancia en la UCI, el paciente critico
quirtrrgico recibe tan solo el 50 % de las calorias pautadas por
su médico (6).

C. Gomez Candela et al.

Se ha demostrado que una terapia nutricional perioperatoria
adecuada mejora especificamente los resultados de la cirugia
gastrointestinal oncoldgica, donde se dan las tasas mas elevadas
de desnutricion basal (aparece hasta en un 65 % de los casos).
Las guias ESPEN recomiendan la administracion perioperatoria, 0
al menos posoperatoria, de formulas especificas enriquecidas con
inmunonutrientes (arginina, acidos grasos omega-3 y ribonucled-
tidos) a los pacientes desnutridos sometidos a una cirugia mayor
oncoldgica. Y el uso de una formula inmunomoduladora se asocia
a una reduccion significativa de los problemas de cicatrizacion de
las heridas, de los fallos de las suturas y de las complicaciones
infecciosas y globales (7).

Las intervenciones nutricionales (pre y posoperatorias) tienen
un papel clave en todos los pacientes quirdrgicos en general,
y pueden mejorar los propios resultados quirtirgicos, asi como
reducir la morbilidad infecciosa y la mortalidad (8), y mejorar la
cicatrizacion de la herida quirtrgica (9). También se ha identificado
la ingesta oral precoz como determinante independiente de la
recuperacion temprana después de numerosos tipos de cirugia
mayor abdominal (3).

Varios autores han sugerido que, dado que la mayoria de los
ensayos clinicos que evaltan la eficacia de la inmunonutricién se
han realizado en un entorno perioperatorio tradicional, seria inte-
resante investigar su eficacia en un entorno mas controlado, como
es el caso del protocolo ERAS (Enhanced Recovery after Surgery).

En nuestro pais, en el afio 2007 se cred el grupo multidisciplinar
espafiol de rehabilitacion multimodal (GERM), cuyo principal propd-
sito ha sido la realizacion de una guia de préctica clinica periopera-
toria amparada en la medicina basada en la evidencia cientifica, y
que ha desarrollado la via clinica de la recuperacion intensificada en
cirugia abdominal (RICA), al amparo del Ministerio de Sanidad (10).

Segun las recomendaciones emitidas recientemente por las
guias de cuidados perioperatorios en cirugia colonica electiva,
segun el protocolo ERAS, publicadas en la revista World Journal
of Surgery en 2019, hay numerosos aspectos del protocolo que
tienen que ver con la valoracion e intervencion nutricional, como
el cribado y la valoracion, y el soporte preoperatorio si se precisa,
el ayuno preoperatorio y la sobrecarga de carbohidratos, el inicio
precoz de la ingesta oral y el soporte posoperatorio y al alta, i
es necesario (11).

Tabla I. Inmunonutrientes mas estudiados en la bibliografia y su principal mecanismo
de acciéon. Adaptada de Grimble y cols., 2005 (4)

Inmunonutriente

Principales mecanismos de accion

Acidos grasos omega-3

Efecto antiinflamatorio al suprimir la produccion de citocinas proinflamatorias; revierten la inmunosupresion

Aminoécidos azufrados

Mejoran las defensas antioxidantes a través de la sintesis de glutation o la “proteccion” del glutation disponible a
(metionina, cisteina y derivados) | través de la provision de otros grupos sulfhidrilo para interactuar con las moléculas oxidantes

Nutriente esencial para las células inmunes; mejora la funcion de barrera intestinal y es un precursor no-

[utamin o .

Glutamina sulfhidrilico del glutation

Arainin Precursor del dxido nitrico; mejora la funcion y el nimero de linfocitos T y estimula la produccion de hormona del
g crecimiento

Nucledtidos Precursores de ADN y ARN; mejoran la funcion linfocitaria
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Y ALGORITMO ADAPTADO

El objetivo del trabajo de este grupo multidisciplinar compuesto
por cirujanos, anestesistas y endocrindlogos expertos en nutricion,
todos ellos con conocimiento y experiencia previa en 10s protoco-
los ERAS o fast-track, es triple:

1. Definir el papel que debe jugar la inmunonutricidn en los
protocolos ERAS sobre la base de la mejor evidencia cien-
tifica.

2. Analizar las dificultades que siguen existiendo en la practica
clinica real para realizar el cribado del riesgo nutricional del
paciente.

3. Proponer unos algoritmos adaptados a las caracteristicas
de nuestro entorno para el cribado, la valoracion y el tra-
tamiento nutricional del paciente quirtrgico en modalidad
fast-track.

MATERIAL Y METODOS

El presente trabajo ha sido realizado por un equipo multidiscipli-
nar de 8 miembros, especialistas en anestesiologia y reanimacion,
en cirugia general y en endocrinologia y nutricion. A continuacion
se detallan las fases que se han seguido a fin de conseguir los
objetivos propuestos.

ESTRATEGIA DE BUSQUEDA BIBLIOGRAFICA

Se realiz6 una busqueda en la base de datos PubMed® con
el objetivo de identificar aquellos articulos relevantes publicados
en los 10 afios anteriores al momento de la busqueda (periodo:
julio de 2009 a julio de 2019). La busqueda incluia los términos
“immunonutrition”, “ERAS”, “enhanced recovery’ y “fast frack’
como palabras clave, asi como Medical Subject Headings (MeSH),
resultando en 161 resultados. Se incluyeron también en el andlisis
13 guias de practica clinica relevantes de las principales socie-
dades cientificas implicadas.

SELECCION DE ESTUDIOS

Se realizd un cribado de los resultados a partir de los titulos y
restiimenes, excluyendo aquellos resultados duplicados o corres-
pondientes a publicaciones fuera del alcance de la revision, resul-
tando en 86 publicaciones. Los criterios de inclusion y exclusion
de estudios fueron los especificados en la tabla II.

Se obtuvo el texto completo de todas las publicaciones y se
eliminaron 2 por corresponder a analisis retrospectivos, inclu-
yéndose finalmente en el andlisis 84 publicaciones. El esquema
correspondiente al flujo de seleccion y exclusion de publicaciones
Se muestra en la figura 1.

Los ensayos clinicos aleatorizados incluidos en la revision pue-
den consultarse en el anexo |.

ANALISIS Y EVALUACION
DE LA BIBLIOGRAFIA

Se examinaron, revisaron y calificaron las publicaciones resul-
tantes, tabulando la informacion y las caracteristicas de todos
los candidatos mediante un formulario de extraccion de datos
que contenia: caracteristicas basicas de cada estudio (primer
autor, afio de publicacion, tamafio de la muestra, edad de los
participantes), disefio del estudio (aleatorizacion, control, cega-
miento, brazos del ensayo), intervencion (elementos incluidos en
la formula de inmunonutricion, duracion del soporte nutricional,
momento pre, peri 0 posoperatorio), resultados de interés (resul-
tados clinicos, indicadores inmunoldgicos y bioquimicos, etc.) y,
finalmente, sesgos y limitaciones del estudio. La calidad metodo-
l6gica de los ensayos clinicos se evalud cuantitativamente segun

Resultados
iniciales de la GPC relevantes
bdsqueda n=13
n=161

Cribado publicaciones

]

irrelevantes/
duplicadas/criterios
exclusion
Andlisis detallado n=_88
de la publicacion
n=_86 . -
Andlisis retrospectivos
aunque estaban
clasificados como
- prospectivos
Incluidos en la n=2
revision
n=_84

Figura 1.

Esquema resumen de la seleccion y exclusion de los resultados bibliograficos
de la revision.

Tabla Il. Criterios de inclusién y exclusién de publicaciones en la revision

Criterios de inclusion

Criterios de exclusion

Trabajos prospectivos 0 metaandlisis

— Publicados en espafiol o inglés

Cirugia de cabeza y cuello, gastrointestinal, uroldgica y
ginecoldgica

— Estudios con formulas enriquecidas con inmunonutrientes

Estudios en los que los inmunonutrientes se administraban de manera
aislada (fuera de una férmula) o fuera de la practica clinica habitual
Estudios en pacientes oncoldgicos que, ademas de cirugia, incluian
radioterapia y/o quimioterapia concomitante

Via parenteral
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el sistema de puntuacion de calidad Jadad-Oxford (12). Para la
evaluacion cualitativa de las recomendaciones se siguieron las
pautas de adaptacion del sistema de calificacion de recomenda-
ciones, evaluacion, desarrollo y evaluacion (GRADE) formuladas
por la ASPEN (13).

REFLEXION EN EL CONTEXTO SANITARIO
Y CREACION DEL ALGORITMO

El andlisis de las dificultades que siguen existiendo en la prac-
tica clinica real para realizar el cribado del riesgo nutricional del
paciente y la propuesta de algoritmos adaptados se llevaron a
cabo usando la metodologia Design Thinking, que ya se ha utili-
zado anteriormente en el disefio y optimizacion de intervenciones
y flujos clinicos (14). En concreto, se utilizd la técnica del Journey
Mapping para identificar los puntos de mejora en el viaje que
realiza el paciente y los puntos de encuentro (y desencuentro)
con los profesionales médicos, y se empled el Concept Develo-
pment para disefiar un algoritmo (15) que permitiera conseguir
una valoracion/intervencion nutricional del paciente quirdrgico
desde el mismo momento en que se decide la intervencion, y
continuar el proceso en la estrategia del protocolo fast-tfrack.

METODOLOGIA DE CONSENSO
La busqueda de consenso entre los autores se sistematizo

segun una metodologia Delphi mixta (16), exigiendo un porcentaje
de consenso minimo del 85 %.

RESULTADOS

RESULTADOS EN EL USO DE
INMUNONUTRIENTES EN LA FASE
PREOPERATORIA

Resultados obtenidos

Parametros analiticos

Los parametros analiticos en los que se mostraron beneficios
se relacionaban con la inflamacion y la respuesta inmune. Acerca
de la inmunidad celular, se describié un menor descenso poso-
peratorio de los linfocitos CD4 (17) y una mayor proliferacion
estimulada de linfocitos y de diferenciacion Th1/Th2 (18), sin
evidencia de beneficios para la inmunidad humoral. En cuanto
a la inflamacion en los distintos momentos del posoperatorio, se
han reportado niveles menores de PCR (19), prostaglandina E2 e
interleuquinas en algunos, aunque no en todos los estudios (20).
También se observaron mayores niveles de resolvina E1, mediador
derivado de los omega-3 con efecto antiinflamatorio (21).

En el estudio con inmunonutricidn asociada a polifenoles se
evaluaba la capacidad antioxidante /n vitro, objetivandose una
mejoria en el grupo tratado (22).

C. Gomez Candela et al.

Cuando se evaluo el perfil sérico de acidos grasos, se demostro
un mayor nivel de acido eicosapentaenoico (EPA) y de la ratio EPA/
acido araquiddnico (AA) (18,21) asociado a la inmunonutricion.

Otros beneficios observados aisladamente fueron unos niveles
posoperatorios de transferrina mayores (22) y de transaminasas
menores (19).

Parametros clinicos

a) Infeccion
En cinco de los trabajos se ha mostrado algun beneficio
estadisticamente significativo en cuanto a la reduccion de
las complicaciones infecciosas (7 vs. 28 %, p = 0,034 (17);
13,6 vs. 50 %, p = 0,028 (23); 40 vs. 75 %, p = 0,025
(21); 28 vs. 60 %, p = 0,023 (18); riesgo relativo
(RR) = 0,5; intervalo de confianza: 0,31-0,93; p = 0,031
(24)), contemplandose dentro del total la infeccion del sitio
quirdrgico y también los focos respiratorios y de cavidad
abdominal y, solo en un caso, flebitis, infeccion urinaria o
bacteriemia (23). Dentro de estos, en el trabajo de Fujitani y
cols. (24), este beneficio significativo solo era aplicable a la
infeccion de la herida quirtrgica y al subgrupo de pacientes
con pérdida de peso superior al 5 % en 3 meses. En el
estudio de Manzanares y cols. (23), la significacion solo se
alcanzo para las complicaciones menores y los pacientes
con cirugia rectal. Ademas de estos resultados, se observo
una tendencia no significativa hacia una menor necesidad
de antibidticos para la infeccion de la herida quirtrgica en
el estudio de Barker y cols. (25).
En los trabajos de Ruiz Tovary cols. (19) y de Nagata y cols.
(22), en cirugia bariatrica y donantes de higado, respecti-
vamente, no se produjeron complicaciones infecciosas en
ninguno de los grupos. En el estudio de Hibner hubo una
mayor tasa de infecciones en el grupo de inmunonutricion
(20), sin significacion estadistica, y en los restantes dos
estudios (26,27) no hubo diferencias significativas.
En cuanto a la duracion del SIRS (Systemic Inflammatory
Response Syndrome), solo el estudio de Okamoto y cols.
(17) en el ambito de la gastrectomia mostré beneficios del
uso de las formulas (0,77 + 0,90 dias vs. 1,34 + 1,45,
p = 0,04). En los otros tres estudios que analizaron este
dato en los ambitos de la cirugia gastrointestinal, la gas-
trectomia y la duodenopancreatectomia (18,20,24), no se
encontraron diferencias significativas.

b) Complicaciones posquirdrgicas
En ninguno de los estudios se demostré una reduc-
cion significativa de las complicaciones no infecciosas
(17,18,21,25-27) o totales asociada a la inmunonutricion,
incluyendo la fuga anastomética. Sin embargo, en el estu-
dio de Uno y cols. (21) se objetivo un beneficio en cuanto
a la gravedad de las complicaciones totales segun la cla-
sificacion de Clavien-Dindo (28).

c) Estancia hospitalaria
La estancia hospitalaria fue un parametro evaluado en
todos los estudios revisados. Unicamente en el estudio de
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Unoy cols. (21), en el campo de la cirugia hepatobiliar, se
mostré una reduccion significativa de la estancia para el
grupo de inmunonutricion frente al grupo no suplemen-
tado (36,9 + 3,3 dias vs. 53,9 = 5, p = 0,006). En los
restantes no se demostraron diferencias estadisticamente
significativas.

d) Morbimortalidad y supervivencia
Los estudios describieron la mortalidad posoperatoria (no
a largo plazo) y no se mostraron diferencias significati-
vas en relacion al tratamiento con inmunonutricion. Cabe
mencionar que solo en cuatro de los trabajos se produjo
alguna muerte (20,25-27), estando el dato mas elevado en
la cirugia pancreatica, con 6 de 16 pacientes en el grupo
de control y ninguno en el grupo de inmunonutricién, sin
significacion estadistica.

e) Costes
Dos trabajos han evaluado los costes (23,25), sin encontrar
diferencias significativas.

Resultados en relacién con el estado
nutricional

El estado nutricional de los pacientes analizados vari¢ entre
estudios y se reportd de manera desigual.

Entre aquellos que han mostrado beneficios clinicos o ana-
liticos, la informacion es variable. En el trabajo de Okamoto y
cals. (17) no se describia el estado nutricional, si bien el estudio
recogia a pacientes con carcinoma gastrico, en los que el riesgo
de desnutricion es elevado. En el de Fujitani y cols. (24), tam-
bién en el campo de la gastrectomia por carcinoma gastrico, los
beneficios se demostraron solo en el subgrupo de pacientes con
pérdida de peso reciente mayor del 5 %. En el de Aida y cols.,
el indice de masa corporal (IMC) medio fue cercano a 22 kg/m?,
y 4 de 50 pacientes habian perdido mas del 10 % de su peso;
ademas, no presentaban alteraciones significativas de los valores
medios de albuimina, prealbimina, transferrina o retinol binding
protein (RBP). En el estudio de Manzanares y cols. (23), el 64,3 %
de la muestra se encontraba en riesgo nutricional segun el Nutri-
tional Risk Screening 2002 (NRS-2002), y la prevalencia de la
alteracion de las proteinas viscerales y de los datos interpretados
como desnutricion caldrica fue del 31y 60,7 %, respectivamente.
Sin embargo, en el estudio de Nagata y cols. (22), el perfil de la
poblacion (donantes de higado) no era a priori susceptible de
alteraciones nutricionales y en ellos si se demostraron beneficios
analiticos. Lo mismo sucede con los datos favorables obtenidos
en pacientes obesos sometidos a cirugia baridtrica (19). En el
estudio de Uno y cols. (21) no se reflejaron datos antropométricos
y la albimina media basal fue de 3,6 a 3,7 g/dL.

En uno de los cuatro estudios en los que no se observaron
beneficios se incluyd una mayoria de pacientes normonutridos
segun la Valoracion Global Subjetiva (VGS), con una clasificacion
Aenel 76 % y el 81,6 % en los grupos de tratamiento y con-
trol, respectivamente (25). En otro se incluy por protocolo solo a
pacientes normonutridos (26). En el estudio de Gade y cols. (27)
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hubo un 40 % de pacientes clasificados como “en riesgo nutri-
cional” segun el NRS 2002. En el estudio de Hubner y cols. (20),
los pacientes incluidos tenian desnutricion grave conforme al un
cribado NRS-2002 mayor o igual que 3. No obstante, este fue el
estudio en el que la adherencia a la suplementacion fue mas baja.

En definitiva, no se puede deducir una estratificacion de los
beneficios segun el estado nutricional, si bien es cierto que, en
los pacientes normonutridos, no se ha logrado demostrar ningun
beneficio a nivel clinico, a excepcidn de la pérdida de peso en la
cirugia bariatrica.

Como conclusion, los datos apuntan a posibles beneficios de
la inmunonutricion preoperatoria, fundamentalmente en términos
de complicaciones infecciosas y de parametros relacionados con
la respuesta inmune y la inflamacion. No obstante, la extraccion
de conclusiones se ve limitada por la heterogeneidad en factores
como las patologias evaluadas, los resultados para una misma
patologia o el estado nutricional de los pacientes, asi como la
duracion de la intervencion, el tratamiento de los grupos de con-
trol y los resultados evaluados. Cabe resefiar que en cinco de 10s
siete trabajos donde se reflejaba algtin beneficio en relacion con la
administracion de suplementos nutricionales orales, la compara-
cion se realizd con la ausencia de suplementacion, lo cual dificulta
la atribucion del efecto a la presencia de inmunonutrientes en la
formula. Por dltimo, el tamafio muestral de las publicaciones fue
generalmente pequefio.

RESULTADOS DEL USO
DE INMUNONUTRIENTES EN LAS FASES
PERI'Y POSOPERATORIA

Numerosos ensayos clinicos se centraron en el uso de inmu-
nonutrientes en el periodo peri (29-41) y posoperatorio (42-45)
(Anexo I). Unicamente en el trabajo de Moya y cols. se emple6 la
inmunonutricion dentro de un protocolo ERAS (34).

Resultados obtenidos
Parametros analiticos

Muchos de los estudios mostraron datos bioquimicos sugesti-
vos de mejoria de la funcion inmunitaria, sin que se encontrase
ninguna traduccion clinica. Los estudios sugerian que la reduc-
cion del recuento linfocitario y de las células T ocurre ya desde
el momento de la induccion anestésica, y que estas variables
disminuyen en los primeros 5 dias del posoperatorio. La optimi-
zacion de estos parametros podria jugar un papel protector frente
a las complicaciones infecciosas, y la reduccion de linfocitos se
asocia a una mayor morbimortalidad. Hamza y cols. (31), Hamilton
y cols. (33) y Klek y cols. (43-45) evidenciaron un aumento del
recuento linfocitario: en concreto, de los linfocitos CD4 (30,31).
Las cifras de TNF-a e IL-6 fueron menores, pero sin alcanzar la
significacion estadistica (salvo Mudge y cols. [32]). Existe cierta
tendencia a mantener o incrementar, sin significacion estadistica,
los niveles de albumina plasmatica, prealbimina y transferrina
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(salvo el aumento de la prealbtimina (29) y el aumento de las pro-
teinas en los pacientes desnutridos con tratamiento prolongado
[41]). Adicionalmente, la inmunonutricion podria modificar favo-
rablemente otros parametros bioquimicos como la concavalina
(Con A), la fitohemaglutinina (PHA) y los niveles de EPA y &cido
descosahexaenoico (DHA) (36,39,41).

Parametros clinicos

a) Infeccion
En general, hay una tendencia hacia la disminucion de la
tasa de infecciones que alcanza significacion estadistica
(11,7 % vs. 31,3 %, p = 0,021 (29); 0-11,5 %, p = 0,006
(34); 28,3 % vs. 39,2 %, p = 0,04 (43-45); 23,5 % vs.
56,3 %, p = 0,05 (40)). En este apartado se incluye fun-
damentalmente la infeccion del sitio quirdrgico, aunque
algunos trabajos recogieron una disminucion de infeccio-
nes pulmonares y urinarias (29).

b) Complicaciones posquirdrgicas
Las publicaciones quedan divididas en resultados favora-
bles (29,30,33,38,42-45) 0 no significativos (34,36,37,39-
41) en cuanto a morbilidad. Factores que podrian influir
en el resultado son el estado nutricional y el momento del
posoperatorio en que se midio la presencia de complica-
ciones; dos trabajos encontraron diferencias solo en el
posoperatorio tardio (30,33). Por otro lado, el trabajo de
Miyauchi'y cols. no mostr6 diferencias en la tasa de com-
plicaciones ni en la gravedad de las mismas analizando
el manejo pre o perioperatorio (36). En cuanto a la dehis-
cencia anastomoética, en general se incluy6 en el apartado
de las complicaciones posquirdrgicas, aunque en algin
caso se englob¢ dentro de las infecciosas. Dos trabajos
mostraron una disminucion significativa de la tasa de fugas
(29,30), aunque en la mayoria no se hallaron diferencias
(34,36,39). Por Ultimo, Scislo y cols. objetivaron un menor
numero de complicaciones por paciente y una menor tasa
de complicaciones respiratorias (42).

) Estancia hospitalaria
Se hall6 una disminucion significativa de la estancia media
en 5 de los trabajos (29,30,37,40,44), no asi en el resto
(32,34,35,39,41). Habria que destacar que los estudios
con mayores tamarios muestrales no mostraron diferencias
significativas (32,34).

d) Mortalidad y supervivencia
Tres ensayos clinicos hallaron una disminucion de la mor-
talidad posoperatoria (42,44,45). Otros trabajos no encon-
traron diferencias en la mortalidad precoz (30,32,34) ni a
largo plazo (35).

Resultados en relacién con el estado
nutricional

Los resultados obtenidos varian en funcion del estado nutri-
cional de los pacientes incluidos. En relacion al uso de inmuno-
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nutricion en los pacientes normonutridos existe controversia. De
hecho, muchos de los estudios en los que la inmunonutricién no
mostrd efectos clinicos significativos fueron realizados en pacien-
tes bien nutridos, mientras que aquellos estudios realizados en
pacientes con desnutricion de moderada a grave mostraron una
reduccion de las complicaciones (42-45). En el estudio de Klek y
cols. de 2014 no hubo diferencias estadisticamente significativas
en cuanto a la morbilidad posquirdrgica (44). Sin embargo, el
analisis del subgrupo desnutrido reveld el impacto positivo de la
inmunonutricion enteral en la reduccion de las complicaciones
(28,3 vs. 39,2 %, respectivamente; p = 0,043) y la estancia
hospitalaria.

Algunos autores consideran que, en los pacientes normonu-
tridos, la suplementacion a corto plazo en el posoperatorio seria
por si sola indtil pero que, sin embargo, el manejo perioperatorio
durante 7 dias podria ofrecer ciertas ventajas en términos de dismi-
nucion de las complicaciones posquirtrgicas. Por otro lado, Hamza
y cols. sugieren que el abordaje preoperatorio es preferible en los
pacientes normonutridos, mientras que el abordaje perioperatorio
seria mas adecuado para los pacientes desnutridos, asociando una
reduccion relativa del 50 % en las complicaciones posoperatorias
en comparacion con el uso aislado preoperatorio (31).

Como conclusion, parece claro que el estado nutricional influye
en los resultados posoperatorios, beneficiandose fundamental-
mente los pacientes con desnutricion y no quedando claro cual
es la estrategia Optima (tratamiento pre, peri 0 posoperatorio,
duracion y dosis). La opcion de que los pacientes normonutridos
también puedan beneficiarse de este tipo de soporte nutricional
todavia no se ha demostrado de manera convincente.

RESUMEN DE LOS RESULTADOS
DE LOS METAANALISIS

Se incluyeron en la presente revision 17 metaanalisis publica-
dos entre los afios 2010y 2018. Los metaanalisis incluidos en la
revision pueden consultarse en el anexo .

En general, la mayoria de estudios no se realizaron dentro de
protocolos fast-track. En los dos trabajos que incluian en dicho
protocolo la inmunonutricion se observo una reduccion de las
infecciones de la herida quirtrgica, de modo que sus autores
sugieren que dicho soporte nutricional podria ser mas efectivo
en caso de emplearse en los protocolos fast-track.

En todos los estudios revisados, el aporte de la inmunonutri-
cién por via oral/enteral se comparaba frente al soporte nutri-
cional estandar o la alimentacion oral. La composicion de la
inmunonutricion, en la mayoria de los estudios, era una mezcla
de arginina, acidos omega-3 y nucledtidos en diferentes con-
centraciones, dependiendo de la formula nutricional, aunque en
algunos trabajos analizados por los metaanalisis se administraban
los inmunonutrientes de forma aislada. No se reflejaba el esta-
do nutricional en todos los estudios incluidos y los criterios de
diagnéstico nutricional empleados eran heterogéneos. Respecto
al momento de administracion del soporte nutricional, este se
indicaba preoperatoriamente y/o posoperatoriamente.
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Algun trabajo sugeria el empleo de la inmunonutricion al menos
3 dias antes y preferiblemente 5-7 dias antes de la intervencion
quirrgica, asi como su continuacion posoperatoria si fuera posi-
ble. El trabajo publicado en 2010 por Marik y cols. (46), y que
incluye pacientes malnutridos y con alto riesgo nutricional que
se intervienen de cancer gastrointestinal, de cabeza y cuello, de
cirugia abdominal y de cirugia cardiaca, recomiendan el inicio
preoperatorio puesto que, tras la intervencion quirdrgica, pueden
surgir problemas de tolerancia gastrointestinal.

El metaanalisis mas relevante respecto al momento de admi-
nistracion es el de Osland de 2014, que incluye 20 estudios en
pacientes con neoplasia gastrointestinal y hepatica, y concluye
que la administracion perioperatoria y posoperatoria reduce las
complicaciones infecciosas y la estancia hospitalaria (47). No se
especifica durante qué intervalo de tiempo debe administrarse la
inmunonutricion, si bien las vias de administracion son hetero-
géneas (via oral, enteral) y los actuales protocolos de fast frack
no incluyen la administracion rutinaria de nutricion enteral en el
posoperatorio.

En el metaanalisis de 2012 de Casas y colaboradores, de
pacientes con cancer de cabeza y cuello, se observo una disminu-
cion significativa del nimero de fistulas en los pacientes tratados
con dosis altas de arginina si se comparaban con los receptores
de una nutricion con dosis medias de la misma (48). Uno de los
trabajos incluidos en el metaandlisis concluia que la inmunonutri-
cion prolongaba la supervivencia, siendo esta de 34,8 meses para
los pacientes suplementados con inmunonutricion frente a 20,7
meses en el grupo de control. El metaandlisis posterior de 2014
de Vidal Casariego (49) y la revision Cochrane de Howes de 2018
(50) respaldan también la reduccion de las fistulas y la estancia
hospitalaria en el grupo tratado con inmunonutrientes, aunque no
todos los estudios incluidos eran de alta calidad metodologica.

La mayoria de los metaandlisis concluyen que la inmunonu-
tricion reduce la estancia hospitalaria. Los trabajos como el de
Song y colaboradores de 2015 (51) y el de Cheng de 2018 (52)
muestran mejorias de los parametros inmunoldgicos con la inmu-
nonutricion, aunque no mejora la estancia hospitalaria. En ambos,
la poblacion incluida era de pacientes con cancer gastrico.

El cociente de coste-efectividad de la inmunonutricién se
analiz6 en el trabajo de Reis de 2016 (que incluia 6 estudios),
encontrandose resultados positivos en cuanto al coste-efectividad
y reduciéndose la estancia hospitalaria (53).

El metaanalisis que incluia mas estudios es el publicado en
2017 por Probst y cols., que incluia 83 ensayos aleatorizados y
controlados, y 7116 pacientes analizados, intervenidos de cirugia
mayor abdominal (reseccion de higado, pancreas o cirugias que
implicaban anastomosis del tracto gastrointestinal). Concluia que
la inmunonutricion reduce las complicaciones totales e infeccio-
sas Y la estancia hospitalaria con un grado de evidencia modera-
do-bajo. No demostro efectos sobre la mortalidad con un grado
de evidencia alto (54).

El metaanalisis de Cerantola de 2011 incluy6 21 trabajos,
12 de los cuales fueron de alta calidad metodoldgica; concluyd
que, tras excluir los estudios de baja calidad, la inmunonutricion
administrada antes y después de la intervencion quirtrgica (0
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tUnicamente después) habia reducido las complicaciones poso-
peratorias y la estancia hospitalaria (55). Por tanto, los autores
recomiendan su uso rutinario.

Como conclusion, tras revisar los 17 metaanalisis, las princi-
pales limitaciones encontradas son la falta de registro del estado
nutricional de los pacientes y, en los casos en que se ha registra-
do, el hecho de que se han empleado diferentes métodos de diag-
nostico nutricional. Ademas, no se suele hacer alusion al estadio
tumoral del paciente 0 a la administracion de tratamiento neoad-
yuvante. En los aspectos relacionados con la inmunomodulacion,
habitualmente se han administrado formulas comercializadas con
combinaciones de inmunonutrientes por via oral o enteral, pero
en algunos estudios esta se ha administrado de forma aislada.
En general, en los estudios se han registrado pocos datos sobre
los abandonos y en pocos trabajos se ha reflejado la participacion
de la industria.

RECOMENDACIONES SEGUN LAS GUIAS
DE PRACTICA CLINICA

En relacion con la indicacion de suplementacion con formu-
las inmunomoduladoras en el dmbito de la cirugia, encontramos
recomendaciones en distintas guias de practica clinica (GPC):

ESPEN

La Sociedad Europea de Nutricion Clinica y metabolismo
(ESPEN) ha publicado recientemente sus GPC sobre el soporte
nutricional en la cirugia (7) y en el paciente con cancer (56).

Para el paciente quirtrgico en general, la ESPEN recomien-
da, con el grado B de la escala SIGN (Scottish Intercollegiate
Guidelines Network), la administracion perioperatoria 0 al menos
posoperatoria de formulas orales/enterales especificas, enrique-
cidas en inmunonutrientes (arginina, &cidos grasos omega-3 y
ribonucledtidos), en los pacientes desnutridos candidatos a cirugia
mayor oncoldgica (7). En lo que respecta al uso exclusivo en el
preoperatorio, afiade que no existe una clara evidencia que res-
palde su uso frente a las formulas estandar (grado de recomen-
dacion B/O de la escala SIGN (57), 89 % de consenso). Aunque
no se presenta como una recomendacion al uso, en esta GPC se
recoge (dentro de un apartado de “indicaciones especiales”) la
integracion de las formulas inmunomoduladoras en los protocolos
ERAS sobre la base de un ensayo clinico aleatorizado en pacientes
con cancer colorrectal (34).

En el paciente oncoldgico, la ESPEN (56) recomienda la admi-
nistracion perioperatoria de formulas orales/enterales especifi-
cas enriquecidas en inmunonutrientes (arginina, &cidos grasos
omega-3 y ribonucledtidos) en el contexto de protocolos quirdir-
gicos tradicionales del tubo gastrointestinal alto, con un nivel de
evidencia alto y un grado de recomendacion fuerte. No se hace
referencia explicita al estado nutricional del paciente como requi-
sito para la prescripcion del tratamiento. Asimismo, se recomienda
que el protocolo quirrgico de eleccion en el paciente oncologi-
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co siga las directrices ERAS (Enhanced Recovery After Surgery)
(recomendacion fuerte, nivel de evidencia alto). Como cuestiones
a resolver plantean el papel de los inmunonutrientes en el manejo
de los pacientes candidatos a cirugia gastrointestinal alta dentro
de los protocolos ERAS.

Sociedad ERAS

En relacion a las vias ERAS®, la ESPEN, en colaboracion con
la Sociedad ERAS, ha publicado GPC de soporte nutricional para la
cirugia colonica (58), pélvico-rectal (59), duodeno-pancredtica (60)
y uroldgica (cistectomia) (61). La propia sociedad ERAS ha publica-
do varias GPC, algunas de las cuales se han actualizado reciente-
mente. Asi, disponemos de GPC publicadas en los dltimos 7 afios
para las cirugias colonica (11), onco-ginecoldgica (62), esofagica
(63), pulmonar (64), hepdtica (65), bariatrica (66) y gastrica (67).

En la reciente actualizacion (11) de la GPC de cirugia coldnica
ERAS (58) se recomienda ofrecer comida y suplementos nutri-
cionales orales desde el dia de la cirugia (recomendacion fuerte,
nivel de evidencia moderado). La inmunonutricion perioperatoria
de los pacientes malnutridos es beneficiosa para los pacientes
con cancer colorrectal (recomendacion fuerte, nivel de evidencia
bajo). En la guia de cirugia ERAS pélvico-rectal (59) no se recoge
una recomendacion especifica sobre el uso de formulas inmu-
nomoduladoras.

En la cirugia duodeno-pancredtica, la Sociedad ERAS reco-
mienda (con grado débil y evidencia moderada) que el soporte
nutricional con férmulas inmunomoduladoras durante 5-7 dias
perioperatorios se considere sobre la base de la reduccion de la
tasa de complicaciones infecciosas. Si bien afiade que no existia
en el momento de la publicacion de la GPC (2012) ningln estudio
que analizara los efectos de la inmunonutricion en el contexto de
la cirugia ERAS.

En el caso de la cirugia uroldgica, la ERAS no hace ninguna
recomendacion especifica sobre la base de la evidencia dispo-
nible. Su papel en la reduccion de la morbimortalidad de estos
pacientes no se conocia cuando se publicd la guia (2013) (61).

En el caso de la cirugia onco-ginecoldgica (62), en las guias
ERAS se hace alusion a la inmunonutricién en el apartado de
“nutricion perioperatoria”, en su mayoria por extrapolacion del
estudio sobre el colon, y se cita un Unico estudio realizado en
pacientes con neoplasias ginecoldgicas (37), con resultados posi-
tivos. No se hace recomendacion especifica sobre el uso de las
formulas inmunomoduladoras en el contexto de la cirugia ERAS
de pacientes con neoplasias ginecoldgicas. Tampoco se hace
recomendacion especifica en el caso de la cirugia baridtrica (66).

Las GPC para el manejo perioperatorio de la esofaguectomia
de la sociedad ERAS (63) afirman que la evidencia en torno al
uso de las formulas inmunomoduladoras en pacientes candidatos
a cirugia oncoldgica esofdgica es conflictiva y su uso rutinario
no puede recomendarse en la actualidad (recomendacion fuerte,
evidencia moderada).

En el caso de la cirugia tordcica ERAS (64), el posicionamiento
es similar, es decir: no se dispone de suficiente evidencia para
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recomendar las formulas inmunomoduladoras frente a las for-
mulas estandar, pero se cree que podrian tener algun papel en el
posoperatorio de los pacientes malnutridos (recomendacion débil
para el posoperatorio, evidencia baja y extrapolada).

En los pacientes candidatos a cirugia hepatica ERAS (65),
la evidencia sobre el uso de formulas inmunomoduladoras es
limitada (recomendacion débil, evidencia baja). A este respec-
to se hace referencia al estudio PROPILS (68) (Clinicaltrial.gov:
NCT02041871), un estudio prospectivo, aleatorizado, controlado
con placebo y doble ciego en fase IV que compara dos tratamientos
nutricionales (inmunomodulador y estandar) en pacientes candida-
tos a cirugia hepatica y cuyos resultados no se han publicado aun.

Las GPC de cirugia gastrica ERAS (67) sostienen que no existe
suficiente evidencia para recomendar el uso rutinario de formulas
inmunomoduladoras en los pacientes candidatos a gastrectomia
(recomendacion débil, evidencia moderada). Aiiade que el posible
efecto beneficioso sobre la tasa de infecciones y de complicacio-
nes de la herida quirtrgica en los pacientes candidatos a cirugia
mayor abdominal no se ha reproducido en ensayos de alta calidad
metodoldgica y centrados en la gastrectomia.

Via RICA

A nivel nacional contamos con la via clinica de recuperacion
intensificada en cirugia abdominal (RICA) (10), elaborada en 2015
y posteriormente actualizada en 2018. No se recoge ninguna
recomendacion especifica sobre el uso de formulas inmunomo-
duladoras en este contexto clinico.

En la tabla lll se resumen las recomendaciones sobre el uso
de la inmunonutricion en las guias de practica clinica analizadas.

LIMITACIONES Y FUENTES DE
HETEROGENEIDAD CLIiNICA Y
METODOLOGICA

Como se ha visto, el analisis y la revision de la bibliografia
(tanto de los metaanalisis como de los ensayos clinicos) realizados
ponen de manifiesto que la calidad metodoldgica de los estudios
revisados es con frecuencia baja o muy baja segun las escalas
de valoracion de la calidad. A su vez se constata que, en el ana-
lisis de las revisiones sistematicas, muchas de estas agrupan y
comparan estudios heterogéneos clinica y metodoldgicamente.

Si bien la heterogeneidad estadistica se analiza y considera en
todos los metaanalisis revisados, las diferencias a nivel clinico y
metodoldgico entre los estudios incluidos no se han tenido sufi-
cientemente en cuenta en los resultados de cada trabajo. De un
modo parecido, las revisiones metaanaliticas examinadas no deta-
llaban sistematicamente cuales eran los fallos metodoldgicos de
los estudios que revisaban, ni ponderaban su posible impacto
sobre 1os resultados. En esta seccion se detallan las principales
fuentes de heterogeneidad a nivel clinico y metodoldgico halladas
durante el analisis. Se describen a continuacion aquellas que
estan frecuentemente relacionadas con el campo de la inmuno-
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nutricion y la nutricion enteral, a fin de que futuras investigaciones
puedan tenerlas en cuenta (tanto en el disefio de los ensayos
como en la ponderacion en las revisiones metaanaliticas). Ademas
de las mencionadas, toda nueva investigacion deberia considerar
aquellos aspectos metodoldgicos o de disefio del estudio que son
comunes a cualquier estudio cientifico y/o revision sistematica (p.
ej., la CONSORT checklist [69]).

Se han clasificado en tres categorias (Tabla IV):

a) Relativas a la intervencion nutricional.

b) Relativas al paciente.

) Relativas a las variables principales del estudio.

ALGORITMOS BASADOS EN LOS
RESULTADOS Y EN LA PRACTICA CLINICA

Considerando toda la revision realizada de la bibliografia, as
como las experiencias clinicas de los autores, se trabajo en
consensuar un algoritmo sencillo, compartido por los diferentes
especialistas implicados y que fuera viable en la practica clinica

habitual, sin requerir un aumento de 10s recursos humanos para
su puesta en practica (lo cual lo harfa inviable en el contexto
actual de escasez de recursos en la sanidad publica). El algoritmo
resultante se muestra en las figuras 2 y 3.

Algunas consideraciones previas en relacion con el disefio del

algoritmo:

1) Teniendo en cuenta las caracteristicas del paciente se iden-
tifican cuatro perfiles principales segun la patologia de base
(oncoldgica o no oncoldgica) y seguin la programacion de la
cirugia (diferida o urgente).

2) En nuestro entorno, si bien se reconoce el uso esporadico
de la escala MUST por parte de algunos de los equipos
de cirugia (que puede ser aplicada tanto por el médico
como por la enfermeria), su uso no esta extendido ni es
sistematico, y el criterio de derivacion a Nutricion no esta
bien establecido.

3) Desde el colectivo de cirugia y anestesia se comenta que
principalmente y de forma voluntaria se utiliza la escala
MUST (70) (Fig. 4) para la valoracion nutricional en la fase
preoperatoria del paciente no hospitalizado candidato a

Tabla Ill. Resumen de las recomendaciones sobre inmunonutricion
de las guias de practica clinica analizadas

GPC, referencia y aio

Grado

Posicionamiento ..
de recomendacion

Grado
de evidencia

Soporte nutricional en cirugia

Paciente oncoldgico malnutrido candidato a B de Ia escala SIGN

2++/2+ escala SIGN

(2017) (7) cirugia del TGI superior

Soporte nutricional en cancer Paciente oncoldgico candidato a cirugia Fuerte Alto

(2017) (56) tradicional del TGl superior

Cirugia pélvico rectal ERAS (2012) (59) No incluye recomendacion especifica sobre la inmunonutricion

Cirugia duodeno-pancreatica ERAS (2012) (60) 5 reclomlenda (.:on3|deralr suusoen Débil Moderada
5-7 dias del perioperatorio

Cirugia urologica, cistectomia ERAS (2013) (61) | No incluye recomendacion especifica sobre la inmunonutricion

Cirugia colon ERAS (2018) (1) La |Inmunonutr|C|0.n perloperato.rlg en .

o ) pacientes malnutridos es beneficiosa para Fuerte Bajo

(Actualizacion de la previa de 2012) (58) ) )
los pacientes con cancer colorrectal

Cirugia Onco-ginecoldgica ERAS (2019) (62) No incluye recomendacion especifica sobre la inmunonutricion

Cirugia esofégica ERAS (2019) (63) No recomienda su Uso rutinario én base a la Fuerte Moderada
evidencia disponible
No puede hacerse recomendacion para uso
rutinario en base a la evidencia

Cirugia pulmonar ERAS (2019) (64) La inmunonutricion podria resultar Débil Baja (extrapolada)
beneficiosa en el posoperatorio de pacientes
malnutridos.

Cirugia hepética ERAS (2016) (65) No puede hacerse recomendacion para uso Débil Baja
rutinario en base a la evidencia

Cirugia bariatrica ERAS (2016) (66) No incluye recomendacion especifica sobre la inmunonutricion

Cirugia géstrica ERAS (2014) (67) No puede hacerse recomendacion para uso Débil Moderada

rutinario en base a la evidencia

Via clinica RICA (2018) (10)

No incluye recomendacion especifica sobre la inmunonutricion
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Tabla IV. Principales limitaciones y fuentes de heterogeneidad clinica
en los estudios revisados
Categoria item Descripcion

Tratamiento

Composicion de la formula

La composicion de la formula deberia detallarse y estandarizarse en el estudio

En el caso de revisiones, es recomendable incluir inicamente estudios que utilicen una
composicion similar

Dosis diarias

Es necesario que las dosis diarias que reciben los pacientes en el estudio sean comparables
y estén indicadas en la publicacion

Caracteristicas de la formula
de control

No es suficiente indicar que el grupo control recibe “nutricion estandar”. Para una valoracion
adecuada del efecto de los inmunonutrientes, deberia emplearse una formula control
isoproteica e isocaldrica respecto a la formula de estudio, e indicarlo en la publicacion

Nutricion parenteral

En caso de formula enteral, es necesario tener presente si se esta usando nutricion

nutricional complementaria parenteral complementaria y detallarlo en la publicacion
La evidencia sugiere que el momento de la intervencion puede condicionar sus efectos. De
Periodo/fase este modo, es recomendable definirlo claramente en el protocolo del estudio (preoperatorio/
posoperatorio/perioperatorio)
Via Deberia indicarse por qué via se administra la formula (oral/enteral/parenteral/combinada) y
donde se ha colocado la sonda (p. €]., yeyunostomia)
9 ) La duracion del tratamiento deberfa estar determinada en el protocolo o al menos ser
Duracion del tratamiento : . - .
comparable entre todos los pacientes a estudio. Debe explicitarse en la publicacion
- Deberia medirse el cumplimiento del tratamiento e indicarse en la publicacion (p. ej.: dosis
Cumplimiento o i o\ )
indicada vs. dosis recibida por el paciente)
Ademas de qué tipo de cirugia se trata, deben detallarse y estandarizarse al maximo en el
Tipo de cirugia disefio del estudio otros procesos asociados a la intervencion quirlrgica (p. ej., preparacion
coldénica) y que puedan influir sobre los resultados
- Dado que el estado nutricional previo condiciona el efecto de toda intervencion previa,
Estado nutricional ] o ' Lo
deberia tenerse en cuenta en el disefio del estudio y detallarse en la publicacion
Paciente La gravedad de los pacientes y/o la estimacion de la morbimortalidad perioperatoria deberia
Gravedad indicarse mediante algun indicador aceptado (p. €j.. indice de gravedad de Charlson o
P-POSSUM)
Estadio tumoral, presencia En caso de intervenciones oncoldgicas, es necesario explicitar los estadios tumorales de los
de neoadyuvancia pacientes del estudio, asi como la administracion de tratamiento neoadyuvante
Protocolo fast track Si en el estudio se estd siguiendo un protocolo fast-track, deberia indicarse en la publicacion
Se recomienda utilizar definiciones internacionalmente aceptadas de las complicaciones
Complicaciones posoperatorias posoperatorias; p. ej.: definiciones EPCO (European Perioperative Clinical Outcome) que
faciliten la comparacion de las publicaciones en futuras revisiones
Objetivos La duracién de la estancia hospitalaria deberia aparecer en los resultados, a ser posible

Tiempo de estancia en el hospital

especificando los dias de ingreso hasta que el paciente cumple los criterios del alta,
independientemente de cuando salga del hospital

Costes

Un registro estandarizado de los costes facilitara un estudio farmacoeconémico posterior

una cirugia programada, tanto benigna como maligna. Esta
escala esta enfocada principalmente en valorar la variacion
del peso en un periodo de tiempo. Pese a no precisar prue-
bas analiticas y exigir muy poco tiempo para su aplicacion
en la visita médica, la tasa de cumplimiento por parte del
equipo de cirugia y anestesia es en general bajo.

4) También se considera clave la determinacion de la albu-

minemia para disponer de una imagen mas fidedigna del

estado nutricional de este tipo de paciente y de su riesgo de
sufrir complicaciones. Sin embargo, también se reconoce
que, generalmente, no se solicita este parametro de forma
rutinaria en la analitica preoperatoria, ni por los cirujanos,
ni por los anestesistas.

Si bien se reconoce que la responsabilidad original del cri-
bado nutricional debe recaer en los servicios de cirugia,
también es importante reconocer que, en este sentido, el
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PROTOCOLO FAST TRACK E INMUNOMODULACION: PREOPERATORIO

de cabeza, cuello y abdominal

g

CIRUGIA MAYOR PROGRAMADA

/
CONSULTA
CIRUGIA

R4

COMITE DE

TUMORES

SNO: Suplementos Nutricionales Orales

Albumina*
+
Malnutrition

Universal
Screening Tool

(MUST)

* Sola o asoci amétodo de
cribado auto 0 COmo
COntrol NUTricional (CONUT)

RIESGO ALTO

DOMICILIO U HOSPITALIZACION

MUST =0
RIESGO BAJO

MUST 2 2

Ofrecer recomendaciones nutricionales

611

Mantener fecha cirugia

Ofrecer recomendaciones nutricionales.

durante al menos 7 dias

Iniciar SNO 2-3 con férmula inmunomoduladora

[ Mantener fecha cirugia

Consulta nutricion
Enviar a consulta de nutricién de forma
preferente para tratamiento nutricional
individualizado (intra/extra hospitalario)

N\
CONSULTA

NUTRICION

[ Valorar retrasar fecha de cirugia

:difgén quirdrgica \

Cribado preoperatorio

Figura 2.

Algoritmo para el periodo preoperatorio. En el Anexo Il se pueden encontrar unas recomendaciones nutricionales adaptadas.

PROTOCOLO FAST TRACK E INMUNOMODULACION: POSTOPERATORIO

FASE
PREOPERATORIA
INMEDIATA

FASE
OPERATORIA

FASE
POSTOPERATORIA
INMEDIATA

FASE POSTOPERATORIA
A PARTIR DE 24 HORAS

PROGRAMACION
DEL ALTA

Planta

} Quiréfano

),

URPA/Unidad de criticos } URPA/Unidad de criticos >|

Planta

Planta

Ayuno preoperatorio
- Sélidos: 6h.

- Bebida: rica en
carbohidratos de
200ml cada 3h hasta

2h antes de la cirugia.

interrumpir el
periodo de suefio y
con insulina si hiciera
falta.

se prevea un periodo
prolongado de
insuficiente ingesta
oral con:

- SNG/SNY/S Compat®
StayPut
/Yeyunostomia de
aguja fina/otros.

No colocacién
sistemédtica de SNG.

Profilaxis de las
nauseas y vomito.

Utilizacién de agentes
anestésicos con menor
repercusion sobre el
intestino.

Colocacion de acceso
venoso central cuando
se prevea que el
aporte nutricional
oral/enteral sera
insuficiente de forma
prolongada.

Acceso enteral cuando

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Inicio de tolerancia oral

precoz (menos de 12h) :

- Dieta de inicio:
alimentos blandos con
proteinasy bajo
contenido en grasa.

- Inicio de tolerancia

enteral precoz (menos
de 12h)

-NE por sonda con
férmula
inmunomoduladora y
pautas de progresion
lenta.

PROGRESION EN AO / NE / MODALIDADES DE
TRANSICION

Dia 1: Dieta de inicio de alta densidad nutricional.

Dia 2: Dieta de continuacion de alta densidad
nutricional + 2 SNO con férmula inmunomoduladora.

Dia 3 hasta el dia 5-7: Dieta completa adaptada a sus
requerimientos + 2 -3 SNO con férmula
inmunomoduladora.

Si permanece ingresado mas de 7 dias reevaluar por
nutricién.

Pacientes con
desnutricion moderada y

severa previa: Pacientes sin desnutricién

previa: mantener los SNO

mantener los SNO solo durante el ingreso.

durante el ingreso y al
alta hasta 3 meses.

INTERCONSULTA A NUTRICION
Pacientes que requieran nutricion enteral o parenteral o
con problemas de tolerancia oral, asi como en los que
previamente existia desnutricion severa y en presencia de
ileostomias.

AO: Alimentacion Oral; NE: Nutricion Enteral; SNG: Sonda Nasogstrica; SNY: Sonda Nasoyeyunal; S Compat® StayPut: Sonda con infusién en yeyuno y con aspiracién gastrica; SNO: Suplementos Nutricionales Orales

Recomendaciones
nutricionales al alta en
todos los pacientes.

En pacientes con
desnutricion
moderada y severa
previa:

mantener los SNO (con
férmulas no
inmunomoduladoras)
durante 3 meses.

REEVALUACION EN
CONSULTA DE
NUTRICION A LOS 3
MESES.

PROGRAMA DE
NUTRICION ARTIFICIAL
DOMICILIARIA
-Si precisa-

Figura 3.

Algoritmo para el periodo posoperatorio y el alta. En el Anexo lll se pueden encontrar unas recomendaciones nutricionales adaptadas.
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CONtrolling NUTritional status (CONUT) *

MALNUTRITION UNIVERSAL
SCREENING TOOL (MUST)?

GRADO DE DESNUTRICION

PASO 1
Puntuacién para el IMC

PARAMETRO
NORMAL LEVE MODERADA SEVERA
IMC kg/m? Puntuacién
>20 (>30 obesidad) =0 _
18,5-20 =1 PASO 4
<185 =2 Riesgo global
- ( + de malnutricién
Albimina PASO 2
sérica (g/dl) 3545 33,49 2,52,9 <25 )
Puntuacién 0 2 4 6 Puntuacion para la Sume los puntos para
------------------------ el e bl el sl i —mmmm--- ardi conocer el riesgo
Linfocitos perdlda de peso global de malnutricién
totales/ml - . érdi ifi
tales/) >1.600 1.200-1.599 800-1.200 <800 Pérdida de peso no planificada BAJO RIESGO:
Puntuacién 0 1 2 3 en los ultimos 3-6 meses pos
_________________________ S N U Ao S o puntuacién 0
% Puntuacion
Colesterol <5 =0) RIESGO MEDIO:
(mg/dI) >180 140-180 100-139 <100 510 =1 puntuacién 1
Puntuacién
0 1 ? 3 =2 ALTO RIESGO:
° -P:Jr:taa-ci:ﬁr: """"""""" I I I + puntuacién 22
total del filtro 0-1 2-4 5-8 >8 PASO 3
g ..
Puntuacién para el efecto
de la enfermedad aguda
Si el paciente presenta estrés
metabdlico y no ha comido o
existe la posibilidad de que no
coma durante un periodo > 5 dias.
Puntuacién 2
Carmen Gémez-Candela, Ruth Serrano Labajos, Natalia Garcia-Vazquez, Marlhyn Valero Pérez, Marina Morato Martinez, Cristina Santurino Fontecha, Ana Gonzélez Madrofio, Samara Palma-Milla; miembros de la Comisién de Nutricién del Hospital Universitario La Paz. Proceso completo de
implantacién de un sistema de cribado de riesgo nutricional en el Hospital Universitario La Paz de Madrid. Nutr Hosp. 2013;28(6):2165-2174
2 Malnutrition Advisory Group (MAG) of the British Association for Parenteral and enteral nutrition. The “MUST” Explanatory Booklet. A Guide to the “malnutrition Universal Screening Tool” for Adults. Edited on behalf of MAG by Todorovic V, Russel C, Stratton R, Ward J and Elia M. November 2003.
Figura 4.

Método CONUT de cribado del riesgo nutricional y escala MUST de valoracion nutricional del paciente.

servicio de anestesia actuaria como un doble filtro y se
trataria de una responsabilidad compartida por igual por
ambos colectivos.

6) Enelcaso del paciente hospitalizado con cirugia programa-
da, cada centro deberia usar su propio método de cribado
del riesgo nutricional (71,72). Los diferentes equipos debe-
rian solicitar una valoracion nutricional completa mediante
una interconsulta a Nutricion con suficiente antelacion
cuando sea preciso, de tal forma que se pueda iniciar la
re-nutricion del paciente entre 7 y 10 dias antes de la
cirugia, o retrasar la cirugia en caso de desnutricion grave.
Harian falta protocolos consensuados en cada centro hos-
pitalario.

7) Enel caso del paciente oncoldgico que precisa cirugia pro-
gramada podria ser muy interesante disefiar una estrategia
en los numerosos comités de tumores de los centros, para
que exigieran una valoracion nutricional previa del pacien-
te y la constancia de que, nutricionalmente, el paciente
es apto para esa cirugia. Y si no lo fuera 0 no estuviera
valorado, poner en marcha una valoracion y un tratamien-
to nutricional de urgencia para llevarlo a cabo. En todo
caso, consideramos y reconocemos que es técnicamente
imposible que un representante de Nutricion pueda estar
incorporado en todos los comités.

DISCUSION

La inmunonutricién ha demostrado que es capaz de reducir
las complicaciones totales, las complicaciones infecciosas y la
estancia hospitalaria en los pacientes quirlrgicos.

Afin de poder determinar cudles serian las condiciones Optimas
de la intervencion inmunonutricional (duracién, momento de inicio,
tipo de intervenciones quirdrgicas favorables/desfavorables, efecto
de inmunonutrientes especificos, etc.), es necesario tener presen-
te, no obstante, que la extraccion de conclusiones generales se
ve limitada por la heterogeneidad en factores como las patologias
evaluadas, los resultados divergentes para una misma patologia, el
estado nutricional de los pacientes y los protocolos empleados. En
algunos contextos (p. €j., el preoperatorio), estamos limitados para
asumir una atribucion de los resultados favorables a la presencia
de inmunonutrientes en las formulas y descartar que se deban
a otros factores (p. €j., una suplementacion nutricional hiperpro-
teica per se). En cualquier caso, las GPC actualmente recomien-
dan la administracion perioperatoria de formulas orales/enterales
especificas, enriquecidas con inmunonutrientes, en determinados
contextos: p. €j., en los protocolos quirtrgicos tradicionales del
tubo gastrointestinal superior (grado de recomendacion fuerte) (56)
0 en los pacientes malnutridos intervenidos por cancer colorrectal
(grado de recomendacion fuerte) (62).
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Y ALGORITMO ADAPTADO

Seria necesario llevar a cabo estudios adicionales pero que en
su disefio tuvieran en cuenta, ademas de lo cominmente exi-
gible a un ensayo clinico (uso de procesos robustos de enmas-
caramiento y control, tamarios muestrales adecuados, etc.), las
peculiaridades y fuentes de heterogeneidad propias del campo
de la inmunonutricidn (pacientes estratificados segun su estatus
nutricional, uso de controles isocaléricos e isoproteicos, registro
adecuado del cumplimiento de tomas, etc.), cuya omision ha limi-
tado, en la revision de la literatura, la determinacion de conclu-
siones y recomendaciones solidas en varios puntos del proceso
que todavia hoy no se han esclarecido.

También es necesario tener presente la barrera que supone el
hecho de que los aspectos nutricionales parecen ser secunda-
rios, especialmente en el colectivo de cirujanos o anestesistas. La
esfera nutricional dispone de una consideracion menor tanto en la
fase preoperatoria como en la fase posoperatoria. Se asocia este
fendmeno a falta de conocimientos adecuados, de protocolos y de
interacciones apropiadas entre estos servicios y el de nutricion.
También se considera importante la escasez de personal en los
diferentes servicios. Esta situacion todavia se agrava mas en los
procedimientos fast-track, de implementacion parcial o incom-
pleta en muchos centros, y donde se tiene que vigilar con mayor
precision que la intervencion de todos los actores se realice en
el tiempo y la forma adecuados. Asi, y fruto de la comprension
de la situacién actual con respecto al soporte nutricional en el
paciente quirtrgico, y especialmente en el modelo fast-track, las
posibles actuaciones a llevar a cabo pasarian por aumentar el
conocimiento especifico en esta materia de todos los profesio-
nales implicados, principalmente en las area de cirugia, aneste-

sia y nutricion. En este sentido, en el recientemente publicado
documento de recomendaciones de cuidados perioperatorios, el
grupo de expertos de la ESPEN afirma que los programas ERAS
son apropiados para todos los pacientes, pero que sus beneficios
dependen del cumplimiento de las recomendaciones por parte de
todo el equipo implicado (73).

Para una dptima validez de los resultados seria necesario que
todas las posibles investigaciones futuras en este campo evalua-
sen a pacientes sometidos a procedimientos quirlirgicos equipa-
rables en cuanto a parametros clinicos, bioquimicos y analiticos
en relacion con el estado nutricional; y la morbilidad posoperatoria
deberia registrarse segun clasificaciones previamente definidas
en la literatura, como la clasificacion Clavien-Dindo (28) (1), las
guias del International Council for Harmonisation Good Clinical
Practice (ICH-GCP) (74) (2), las definiciones de los Centers for
Disease Control (CDC) (75,76), etc. Y de un modo parecido, debe-
rian incluirse como variables la estancia hospitalaria, los costes
y los reingresos.

El cumplimiento de un protocolo estandarizado como el ERAS
ayudaria a que estuvieran objetivamente definidos muchos de
los otros parametros no nutricionales que también se tienen
que controlar (como una profilaxis antibi6tica correcta, la hipo-
termia, etc.).

Finalmente, es necesario implicar al paciente y trabajar para
que tanto él como sus familiares conozcan la importancia que
tiene un adecuado estado nutricional en el éxito de la cirugia y en
la recuperacion tras la misma, para que sean mas colaboradores y
se hagan mas demandantes de medidas de valoracion y de sopor-
te nutricional, y por supuesto, para que estén mas satisfechos.

ANEXO I.

ENSAYOS CLINICOS ALEATORIZADOS INCLUIDOS EN LA REVISION

L ERAS ,
Autor n Cirugia (Si/No) Férmula | Jadad Resultados

Okamoto 2009 60 | Gastrectomia No IMPACT® ’ ID|sm|rl1u0|on de Ig dulramonl del SIRS y de las

17 infecciones, y mejor inmunidad

Cellk 2009 (37) 50 | Ginecologia No IMPACT® 1 D|sm|n‘ucmn de infecciones, dehiscencias y
estancia

Felekis 2010 (38) | 40 gjgﬁg‘oma de canezay No IMPACT® 4 | Disminucion de infecciones

Mikagi 2011 (77) 26 | Hepatectomia No IMPACT® 2 Menor inflamacion y mejor funcion hepatica

Klek 2011 (43) 167 | Cirugia oncoldgica No STRESSON® 3 Sin diferencias en cuanto a complicaciones

Fujitani 2012 (24) | 244 | Gastrectomia No | pacte | 3 | Disminucion deinfecciones en pacientes
desnutridos

Hubner 2012 (20) | 152 | Cirugia abdominal mayor No IMPACT® 5 Sin diferencias

Barker 2013 (25) 95 | Cirugia gastrointestinal No IMPACT® 3 Sin diferencias

(Continua en pdgina siguiente)
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ANEXO I (Cont.).

ENSAYOS CLINICOS ALEATORIZADOS INCLUIDOS EN LA REVISION

Autor n Cirugia (::;ﬁi) Férmula | Jadad Resultados
Giger-Pabst 2013 108 C|rug|aloncolog|ca No IMPACT® 4 Sin diferencias
(26) abdominal
Nagata 2013 (22) | 23 | Donantes de higado No ANOM® 3 3';?220'33 analfices, o en resultados
Turnock 2013 8 | Cancer de cabeza y cuello No IVMPACT® 5 D|fgren0|as analiticas, no en resultados
(39 clinicos
Marano 2013 109 | Gastrectomia No IMPACT® 1 Menorl|n0|den.0|a dle complicaciones, menor
(30) estancia hospitalaria
Aida 2014 (18) 50 | Duodenopancreatectomia No IMPACT® 1 Disminucion de infecciones posoperatorias
Zi(')iwee 20141 315 | cancerde cabezaycuello | No IMPACT® 5 | Sin diferencias
Kiek 2014 (44) 776 Gastrectomia yl No IVMPACT® 5 ID|sm|rl1u<:|on de estalnma hospitalaria,
pancreatectomia infecciones y mortalidad
Hamza 2015 (31) | 37 | Duodenopancreatectomia No IMPACT® 3 Modulg , a respuesta |nfllamat0'r|a °
intensifica la respuesta inmunitaria
Plank 2015 (41) 120 | Trasplante hepatico No IMPACT® 5 S.m diferencias Ien I9S aspectos nutricionales
ni en las complicaciones
Gade 2016 (27) 35 | Pancreatectomia No IMPACT® 2 Sin diferencias
Uno2016(21) | 40 | Cirugia hepatobiliar No | mpacte | 3 | Reduecion delas complcaciones infecciosas
y la estancia hospitalaria
Hamilton-Reeves 29 | Cistectomia No IVMPACT® 4 Mejoria de la respuesta inmune y
2016 (33) disminucion de las infecciones
Ruiz-Tovar 2016 60 | Cirugia baridtrica No ATEMPERO® » Mayor pérdida de peso preoperatoria, menor
(19 PCR, menos dolor
Moya 2016 (34) 122 | Cirugia colorrectal Si ATEMPERO® 3 Reduccion de las complicaciones
Yildiz 2016 (29 I C|rug|a,e.sofagogastnca y No ABOUND® 1 D|sm|nlumon dg Iasl complicaciones y la
pancreatica estancia hospitalaria
Martin Il 2017 71 Cancer de péncreas No IMPACT® 0 Reducqon de las complicaciones y la
(78) estancia
Manzanares- Menor incidencia de complicaciones
Campillo 2017 84 | Cancer colorrectal No IMPACT® 2 . . o P
03) infecciosas en la cirugia rectal
Kk 2017 (45) | 99 | Gastrectomia No | Reconvane | 5 | Meloriadelasupenivencia a corto plazo, no
a largo plazo
Palma-Milla 2018 38 | Cancer de cabeza y cuslo No ATEMPERO® 5 ID|sm|rl1u0|on de las comphcamones
(79 infecciosas y la estancia
Sciso 2018 (42 | 98 | Gastrectomia No | RECONvwe | 2 | Disminueion de as complicaciones
respiratorias y la mortalidad precoz
Mudge 2018 (32) | 278 | Cancer esofagico No IMPACT® 5 Sin diferencias
Shinsuke 2019 40 | Esofaguectomia No IMPACT® » IDlsmlrl1u0|on de las complicaciones
(35) infecciosas
('\ggfmh' 20191 60 | Pancreatectomia No IMPACT® 2 | Sin diferencias
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ANEXO II.
REVISIONES SISTEMATICAS Y METAANALISIS INCLUIDOS EN LA REVISION
Autor n | Tipo de cirugia | ERAS S/N Foérmula utilizada Resultados
. - Formula con arginina, Reduccion significativa de las
Cerantola Y Cirugia oncoldgica o ) ) )
2370 ) ) No omega-3y RNA en el pre/ | complicaciones posoperatorias e infecciosas
2010 (55) gastrointestinal ) ) : o
pos/perioperatorio y de la estancia hospitalaria
. - Formula con arginina, Reduccion significativa de las
Zhang Y Cirugia oncoldgica o ) , )
2331 : ) No omega-3y RNA en el pre/ | complicaciones posoperatorias e infecciosas
2012 (80) gastrointestinal ) ) : o
pos/perioperatorio y de la estancia hospitalaria
Reduccion significativa de las
complicaciones infecciosas y la estancia
. . hospitalaria en caso de administracion peri o
Formula con arginina, .
omega-3y RNA en el posoperatoria.
Osland E Cirugia oncoldgica . . Reduccion significativa de las
2005 : ) No pre/pos/perioperatorio. o ) )
2014 (47) gastrointestinal complicaciones no infecciosas en caso de
IMPACT® en el 65 % de o ) iy
administracion posoperatoria. Reduccion
los casos o ) )
significativa de la tasa de dehiscencia
de suturas en caso de administracion
perioperatoria
Reduccion significativa de las
Wong C 2016 Cirugia No IMPACT® complicaciones infecciosas y la estancia
2016 (81) gastrointestinal Oxepa® hospitalaria en caso de administracion
posoperatoria
La combinacion 6ptima de inmunonutrientes
formula i |
Song GM Cirugia oncoldgica Combinaciones variables en ung ormuta mmupomody adora para
840 L No ) . reducir las complicaciones infecciosas y la
2017 (82) gastrica de inmunonutrientes ) L .
estancia hospitalaria es: arginina + RNA +
omega-3 0 arginina + glutamina + omega-3
_ - Distintas formulas No se encontraron diferencias significativas
Cirugia oncoldgica ) o ) .
Howes N 1099 | de tumores de No inmunomoduladoras. en las complicaciones, infecciosas o0 no,
2018 (50) IMPACT® fue la mas ni en la estancia hospitalaria, ni en la
cabeza y cuello ) )
empleada tolerancia a la formula
Cirugia electiva
— 15 estudios de
mrug@ oncqlog|ca Distintas formulas Una mmunoqutnqon qug |p§lu¥a arginina
gastrointestinal . y omega-3 disminuye significativmaente
. inmunomoduladoras o ; )
) — 2 estudios de , las complicaciones infecciosas, las
Marik PE o , IMPACT® fue la mas - ) o
1918 cirugia abdominal No complicaciones de la herida quitrgica y la
2010 (46) ) empleada. ) o
— 3 estudios de ] estancia hospitalaria.
, En su mayoria, en el , L o
cancer de cabeza ) Se sugiere su inicio en el preoperatorio si s
posoperatorio .
y cuello posible
— 1 estudio de
cirugia cardiaca
Formula polimérica
Casas Cirugia oncoldgica enriquecida con arginina | La inmunonutricion disminuye la estancia
Rodera P 836 | de tumores de No especificado | u omega-3 o IMPACT® o hospitalaria, aunque no esta clara la razon.
2012 (48) cabeza y cuello Nutrison Intensive®. Disminucion de la incidencia de fistulas
Perioperatorio
(Contina en pdgina siguiente)
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ANEXO Il (Cont.).
REVISIONES SISTEMATICAS Y METAANALISIS INCLUIDOS EN LA REVISION
Autor n | Tipo de cirugia | ERAS S/N Formula utilizada Resultados
La inmunutricion frente a la
_— - , suplementacion isocaldrica/
Cirugia oncoldgica Formulas - . ,
. , isonitrogenada no reduce la incidencia
Hegazi RA de tumores inmunomoduladoras no . . . o
1156 . ) No o de las infecciones de la herida quirtrgica,
2014 (5) gastrointestinales especificadas. o ) )
o ) las complicaciones infecciosas
y hepaticos Pre y posoperatorio ) ) ) )
y no infecciosas, ni la estancia
hospitalaria
La inmunonutricion muestra una
Vidal- , . Formula enriquecida con | reduccion de la incidencia de fistulas y
. Cancer de cavidad . ) o
Casariego A | 397 oral. faringe v laringe No arginina. de la estancia hospitalaria, pero no una
2014 (49) ' geyiaring Pre y/o posoperatorio disminucion de las infecciones de la
herida quirtrgica y otras infecciones
Combinaciones variables . - . R
, i La inmunonutricion mejora la situacion
. - de inmunonutrientes .
Song GM Cirugia oncoldgica . : inmune y reduce la respuesta
785 | No (arginina, glutamina, . ) X ) .
2015 (51) gastrica inflamatoria en los pacientes intervenidos
omega-3y RNA). .
) de gastrectomia
Posoperatorio
Las formulas inmunomoduladoras
. i - En la mayoria de estudios, | reducen las complicaciones y la estancia
Reis AM Cirugia oncoldgica . L .
966 . X No dieta suplementada con hospitalaria, y todos los estudios
2016 (53) gastrointestinal o o o
arginina, omega-3 y RNA | fueron positivos en términos de coste-
efectividad
Cirugia mayor
abdominal
(reseccion de Combinaciones variables
higado o pancreas, de inmunonutrientes o La inmunonutricion reduce las
Probst P 7166 cirugia que implique No administracion aislada complicaciones totales, las infecciosas
2017 (54) anastomosis (arginina, glutamina, y la estancia hospitalaria. Ningun efecto
del tracto omega-3y RNA). sobre la mortalidad
gastrointestinal). Pre o posoperatorio
Excluye la cirugia
uroldgica
— ) — Incremento del nivel de linfocitos CD4*
Combinaciones variables .
, i y CD4/CD8*, y de prealbimina
i - de inmunonutrientes o
Cheng Y Cirugia oncoldgica o , — Disminucion de SRIS y de
583 , L No (arginina, glutamina, - )
2018 (52) de cancer gastrico complicaciones posoperatorias
omega-3y RNA). ) . .
) — Sin cambios en cuanto a neumonias
Pre 0 posoperatorio . o
y estancia hospitalaria
La NE con inmunonutrientes disminuye la
Combinaciones variables | estancia hospitalaria, las complicaciones
de inmunonutrientes infecciosas y las complicaciones
(arginina, glutamina, de la herida quirtrgica; la NP con
Xud 1004 Cirugia de cancer 2 estudios en | omega-3 y RNA) por via inmunonutrientes disminuye la estancia
2018 (83) colorrectal electiva protocolo ERAS | enteral o administracion hospitalaria, los niveles de IL6, CD3, CD4
de glutamina u omega-3 | y CD4/CD8, y CD8
por via parenteral. Sugieren que la inmunonutricion podria
Pre y posoperatorio ser mas efectiva dentro de los protocolos
ERAS
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ANEXO III.

EJEMPLO DE RECOMENDACIONES NUTRICIONALES EN LA CIRUGIA MAYOR

RECOMENDACIONES NUTRICIONALES EN LA CIRUGIA MAYOR: ANTES, DURANTE
Y DESPUES DE LA INTERVENCION

Es fundamental llegar a la cirugia con un dptimo estado nutricional para asi poder disminuir las infecciones y otras posibles
complicaciones, facilitar la cicatrizacion de las heridas quirdrgicas y conseguir una recuperacion mas rapida. Una intervencion
quirtrgica supone una importante agresion para el organismo y esto condiciona unas elevadas necesidades de energia y nume-
rosos nutrientes, aumentando su demanda de forma muy especial y por encima de lo habitual.

OBJETIVOS

Mejorar y/o mantener un adecuado estado nutricional antes, durante y después de la cirugia para evitar posibles complicaciones
y facilitar la recuperacion al alta.

RECOMENDACIONES ANTES DE LA CIRUGIA

Conviene realizar una alimentacion saludable que aporte todos los grupos de alimentos en las cantidades y proporciones
adecuadas, pero prestando una mayor atencion a ciertos alimentos que contienen algunos nutrientes fundamentales para el
proceso quirlrgico:

¢Cuantas veces al dia

Nutriente ;Dénde lo encuentro? ;,Por qué es importante? .
¢ ¢ : P debo consumirlo?

Carnes magras (pollo, pavo, cerdo,

jamon, etc.) Contienen aminodcidos esenciales Aumentar su consumo incluyendo
@ Pescados y mariscos que ayudaran a reparar los tejidos proteinas en cada ingesta y, a ser
Huevos dafiados y a cicatrizar adecuadamente | posible, enriqueciendo los platos
Proteinas de alto LActeos (leche, yogur, queso, las heridas con estos alimentos
valor biologico derivados l4cteos)
Tres frutas al dia minimo (una
Frutas y verduras de diferentes Ali\’/ian y prgtegen al c?rganismo del de ellas citricg) y dos platos de
colores estrés oxidativo, ademas de fortalecer verdura al dia aseguran una
el sistema inmune adecuada ingesta de estos
nutrientes

Pescado azul

Semillas de lino Es un potente antiinflamatorio que
Nueces aliviara la agresion de la cirugia

Alimentos enriquecidos

Pescados azules 2-3 veces a la
semana. Semillas y/o frutos secos,
un pufado diario

Ejemplo de menu

Media . .
Desayuno ~ Comida Merienda Cena Recena
manana

) Espinacas con huevo y jamén Salmoén con

Café con leche + leche P o v .
Pollo al limén con patatas pimientos Vaso de leche
en polvo Frutos secos Yogur
. - al horno asados + leche en
Pan integral con tomate, jamon y Fruta con fruta

: . - Fruta Yogur natural polvo

aceite de oliva + 2 kiwis
Pan Pan

(Contina en pagina siguiente)
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En algunas ocasiones, si el estado nutricional no es el adecuado, el médico le prescribird suplementos nutricionales ricos en
proteinas y otros nutrientes especificos. Por ello, es importante que sea usted quien controle su peso corporal y reflexione sobre
las dificultades que tiene para comer, para detectar las pérdidas involuntarias cuanto antes y para que pueda avisar a su médico.
Si lo precisa, sera atendido por el equipo de nutricion.

RECOMENDACIONES DURANTE LA ESTANCIA HOSPITALARIA

Tras la cirugia, su médico le pautara una dieta para que empiece a comer lo antes posible, siempre teniendo en cuenta el tipo de
intervencion realizada y las necesidades de su organismo. Normalmente comenzara con una dieta de facil digestion, incompleta,
con alimentos blandos; a continuacion se ira progresando lentamente.

En ocasiones puede ser necesario completar la alimentacion oral con suplementos nutricionales y/o médulos de algun nutriente
especifico, pero también puede llegar a requerir una alimentacion artificial a través de una sonda (nutricion enteral) y/o a través
de las venas (nutricion parenteral).

El objetivo principal de esta etapa es evitar el riesgo de desnutricion, que puede provocar que la recuperacion sea mas lenta y
la estancia hospitalaria mas larga, y que aparezcan nuevas complicaciones.

RECOMENDACIONES AL ALTA HOSPITALARIA TRAS UNA CIRUGIA

Una vez que se encuentre en su domicilio, debera continuar con una alimentacion lo mas saludable y equilibrada posible v, al
igual que antes de la cirugia, deberd fomentar el consumo de proteinas de diferentes fuentes para recuperar la masa muscular
perdida y ayudar a cicatrizar las heridas; frutas y verduras para aportar antioxidantes y fibra; y alimentos ricos en omega-3 para
ayudar a modular la inflamacion que ha padecido. Ademas, debera asegurar un adecuado estado de hidratacion, bebiendo sufi-
ciente cantidad de agua y liquidos diariamente, para ayudar a reponer los fluidos que perdemos durante la cirugia.

En determinadas cirugias es necesario realizar recomendaciones nutricionales mas individualizadas que su médico le aconsejara.
Si es su caso, debera priorizar esas pautas.

Tras algunas cirugias pueden aparecer sintomas que dificulten su alimentacion, como pérdida del apetito, dificultad para tragar,
saciedad precoz, estrefiimiento o diarrea, o simplemente dolor, lo que aumentaria nuevamente el riesgo de desnutricion; por ello
es importante conocerlos y avisar a su médico en caso de padecerlos.

Si antes y/o durante el ingreso ha presentado desnutricion, al alta hospitalaria le prescribiran suplementos nutricionales orales
y/0 médulos de nutrientes durante al menos tres meses. Es importante que cumpla con la pauta prescrita para asegurar una
adecuada recuperacion, evitar reingresos hospitalarios y mejorar la calidad de vida. En ocasiones podria llegar a precisar nutricion
por sonda o por vena, para lo cual recibird las instrucciones oportunas antes de irse a casa.

Ademas, le aconsejamos que realice un control del peso corporal, registrandolo regularmente cada 15-20 dias. Si tiene pérdida
de peso involuntaria, debe avisar a su médico, ya que es posible que no esté cubriendo sus demandas energéticas o que esté
perdiendo nutrientes, lo que le llevara a un estado de desnutricion.

- N
i i

Por tltimo, es comun que, después de una cirugia, se pierda masa muscular a causa de la inmovilizacion y la rotura de musculo
para conseguir energia, 1o que provocara que esté mas cansado e incluso que aparezca desnutricion. Es importante que realice
gjercicios regularmente y progresando en intensidad. Puede comenzar por estiramientos y caminatas hasta llegar a realizar
gjercicios de resistencia y fuerza. Consulte con su médico cual es el mejor ejercicio para usted.

(Continua en pagina siguiente)
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Piramide de la Alimentacion Saludable

suplementos nytricionales
vitamina D, folatos

CONSUMO OPCIONAL,

BEBIDAS FERMENTADAS OCASIONAL Y MODERADO

CONSUMO OPCIONAL, MODERADO
Y RESPONSABLE EN ADULTOS

DY

CONSUMO VARIADO DIARIO
1-3 AL DiA (ALTERNAR)

3-4 AL DIA

GRUPOS DE CONSUMO
EN CADA COMIDA
PRINCIPAL

SEGUN GRADO
DE ACTIVIDAD
FiSICA

MANTENER

ool Y e

3
't !
Actividad Equilibrio Balance Técnicas AGUA: 4-6 vasos al dia*

fisica diaria emocional Energético  culinarias (9 ingesta de liquidos segun la Piramide
60 min saludables de la Hidratacion Saludable SENC.

SENC 2015°®

primaria y colectivos ciudadanos. Disponible en: http://www.nutricioncomunitaria.org

Piramide de la Alimentacion Saludable de la Sociedad Espafiola de Nutricion Comunitaria (SENC). Guia divulgativa Alimentacion saludable para Atencion
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Abstract

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2). Compared with adults,
children with SARS-CoV-2 infection may have fewer and less severe symptoms. Gastrointestinal symptoms are commonly reported in children,
sometimes as the only manifestation of the disease, and most often manifest as anorexia, diarrhea, nausea and vomiting, or abdominal pain.
Although most children have asymptomatic or mild disease, 10 % of those infected may experience serious or critical disease, or even death.
Multisystem inflammatory syndrome is a rare but serious condition recently reported in children with COVID-19. Studies indicate that children
with obesity are at higher risk of developing severe COVID-19, and inflammation associated with obesity could be one of the factors that worsens
COVID-19 symptoms due to an increased inflammatory response involving molecules such as interleukin 6, tumor necrosis factor alpha, and

Keywords: monocyte chemoattractant protein. On the other hand, evidence has been reported of a higher protein expression of ACE2 in the visceral adipose
Pediatrics. SARS- tissue of obese and malnourished humans, and this could be associated with complications and severity of COVID-19. Therefore, regulation of the
CoV-2. Inflammation. intake of macronutrients or micronutrients could be used as a strategy to reduce the consequences of COVID-19. Diet in general and bioactive
Nutrition. Oxidative compounds could play an important role in the prevention of the inflammatory cascade. The micronutrients with the most evidence suggesting
stress. COVID-19. a role in immune support are vitamins C and D, zinc, and polyphenols.

Resumen

La enfermedad por coronavirus 2019 (COVID-19) esté causada por el virus “sindrome respiratorio agudo severo-coronavirus 2" (SARS-CoV-2).
En comparacion con los adultos, los nifios con infeccion por SARS-CoV-2 pueden tener menos sintomas y estos pueden ser menos graves. Los
sintomas gastrointestinales se informan comtnmente en los nifios, a veces como (nica manifestacion de la enfermedad. Los mas comunes son
anorexia, diarrea, nauseas y vomitos, y dolor abdominal. Aunque la mayoria de los nifios tienen un cuadro leve o asintomatico, el 10 % de los
infectados pueden experimentar un cuadro grave o critico, e incluso la muerte. El sindrome inflamatorio multisistémico es una afeccion poco
comun, pero grave, que se documento recientemente en nifios con COVID-19. Los estudios indican que los nifios con obesidad tienen mayor
riesgo de desarrollar COVID-19 grave, y la inflamacion asociada con la obesidad podria ser uno de los factores que empeoran los sintomas de la
COVID-19 debido a una respuesta inflamatoria aumentada en donde se ven involucradas moléculas como la interleucina 6, el factor de necrosis
tumoral alfa y la proteina quimioatrayente de monocitos. Por otro lado, se ha encontrado evidencia de una mayor expresion proteica de ACE2

Palabras clave: en el tejido adiposo visceral de los seres humanos obesos y desnutridos, y esto podria estar asociado a las complicaciones y la severidad de
Pediatria. SARS- la COVID-19. Por tanto, la regulacién de la ingesta de macronutrientes o micronutrientes podria utilizarse como estrategia para reducir las
CoV-2. Inflamacién. consecuencias de la enfermedad. La dieta en general y los compuestos bioactivos podrian desempenar un papel importante en la prevencion
Nutricion, Estrés de la cascada inflamatoria. Los micronutrientes con mayor evidencia indicativa de que desempefian un papel en el apoyo inmunoldgico son las
oxidativo. COVID-19. vitaminas C y D, el zinc y los polifenoles.
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A NARRATIVE REVIEW

INTRODUCTION

Obesity or excess ectopic fat deposition is associated with the
most important risk factors for developing severe coronavirus
disease 2019 (COVID-19) as it reduces the protective cardio-
respiratory reserves, promotes poor regulation of the immune
system, and mediates progression to a critical state with organ
failure (1); this remains true in children (2). It is known that obe-
sity also favors the development of thrombosis in patients, which
is relevant given the association between severe COVID-19 and
disseminated intravascular coagulation and a high rate of venous
thromboembolism. In addition to the cardiometabolic and throm-
botic consequences, regardless of whether obesity determines
lung function in terms of the immune response, there is a clear
association between obesity and a state of chronic inflammation.
In addition, it has been described that oxidative stress (OS) may
contribute to the pathogenesis of COVID-19 by decreasing anti-
oxidant levels and increasing the levels of pro-oxidant substances
such as reactive oxygen species (ROS) in the lung parenchyma (3).
On the other hand, the characteristic clinical profile of COVID-19
in children has been reported to start with gastrointestinal man-
ifestations that may affect patient nutrient intake and nutritional
status. Another way in which COVID-19 affects the nutritional
status of children is the severe presentation of the disease, in
which patients go through a critical stage secondary to a rapid
progression of the complications of the disease. Critical illness
induces intestinal dysfunction and dysbiosis, which extends and
accentuates the inflammatory response, causing cellular dys-
function. This has recently been associated with the development
of multiple organ failure. At the same time, it causes a loss of
macronutrients and micronutrients due to the intense hypermet-
abolic and hypercatabolic response, leading to increased acute
malnutrition, sarcopenia, and muscle weakness, and favoring the
development of complications, multiple organ dysfunction, sepsis,
and eventually death. Therefore, the aim of this review was to
analyze the potential explanations for disease severity in children
with COVID-19, as well as potential therapeutic and supportive
nutritional strategies.

CORONAVIRUS DISEASE 2019 (COVID-19):
PATHOPHYSIOLOGY, CLINICAL
CHARACTERISTICS, AND SEVERE
MANIFESTATIONS IN CHILDREN

SARS-CoV-2 AND CELL ENTRY

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is an enveloped, positive-sense, single-stranded RNA virus,
approximately 30 kb in length, that is classified as a Betacorona-
virus in the Coronavirinae subfamily. SARS-CoV-2 shares 79 %
and 50 % of its genome sequence with SARS-CoV and Middle
East respiratory syndrome coronavirus (MERS-CoV), respectively
(4). The genome encodes 9,860 amino acids and 27 proteins,
including the spike (S) protein, a transmembrane trimetric gly-
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coprotein projecting from the viral surface that determines viral
tropism. The protein comprises two functional subunits, S1 and
S2, which are responsible for viral attachment to the host receptor
and viral fusion to the host membrane, respectively. SARS-CoV-2,
like other coronaviruses, uses angiotensin-converting enzyme 2
(ACE?2) as a functional receptor for cell entry, and has a higher
affinity for ACE2 when compared to SARS-CoV (5).

ACE2 is an enzyme in the renin-angiotensin system (RAS), which
involves a mosaic of factors that regulates arterial blood pressure
and electrolyte balance (6). The presence of a local RAS has been
described in several tissues; hence, ACE2 is in the cell membranes
of tissues such as the lungs, ileum, colon, stomach, gallbladder,
kidney, testes, arteries, heart, and others (7). The main function of
ACE2 is to hydrolyze the peptide angiotensin Il, which is a potent
vasoconstrictor, to generate angiotensin-(1-7), a vasodilator (6).
Differential expression of ACE2 may explain the differences in clin-
ical manifestations between children and adults. In this respect, a
recent study mentioned that children have higher levels of circu-
lating ACE2 than adults (8), and since the S protein of SARS-CoV-2
has a high affinity for ACE2, the circulating ACE2 may neutralize
the virus and prevent viral arrival at the target cells, and the spread
of the infection. It is important to study whether the circulating
levels of ACE2 are altered in children with severe COVID-19 and
if a nutritional approach might improve the levels of ACE2 in the
plasma, with the aim of reducing the severity of the infection.

CLINICAL MANIFESTATIONS IN CHILDREN

Pediatric coronavirus disease-19 (COVID-19) infection is rela-
tively mild when compared to adults. As of June 19" more than 8
million laboratory-confirmed COVID-19 cases and 450,000 deaths
have been reported globally (9). Children represent 1-5 % of all
patients diagnosed with COVID-19 and less than 3 % of hospital
admissions. Compared with adults, children may experience fewer
and less severe symptoms of the infection (10). The most com-
mon manifestations in symptomatic children are fever (41-56 %),
cough (30-54 %), sore throat (6-46 %), and rhinorrhea (7-19 %)
(11). Moreover, gastrointestinal symptoms have been commonly
reported in this age group, sometimes as the only manifestation
prior to the onset of respiratory symptoms (11). The most frequent
gastrointestinal symptoms reported are anorexia (35 %), diarrhea
(7-13 %), nausea and vomiting (6-11 %), and abdominal pain
(6 %) (11). Other possible gastrointestinal manifestations of the
disease in children are liver dysfunction or abnormal liver bio-
chemical tests and ileitis (11).

These broad gastrointestinal manifestations may be caused by
the direct invasion of SARS-CoV-2 into the intestine and liver cells
that express ACE2 (7). Live viruses and viral RNA have been recov-
ered from stool specimens in children, with longer RNA shedding
than in respiratory samples. This demonstrates the presence of
SARS-CoV-2 in the gastrointestinal tract and raises the possibility
of fecal-oral transmission (12). However, liver disease may also be
caused by the inflammatory response to the infection or multiple
organ dysfunction in severe cases.



624

SEVERE DISEASE IN CHILDREN

Although most children have asymptomatic or mild illness,
10 % of those infected may develop serious or even critical illness
leading to death (10). It is suggested that children with underlying
conditions are at greater risk for more severe disease; however,
these clinical observations are based on limited data and have
insufficient evidence to support them (13). Some comorbidities
suggested as risk factors for increased disease severity in children
are chronic lung disease, severe immunocompromised status,
cardiovascular disease, and obesity (13). Nevertheless, in children
receiving immunosuppressive or immunomodulatory medication
for cancer, renal disease, or inflammatory bowel disease, the pro-
portion of patients with severe COVID-19 was low (14), probably
due to modulation of the inflammatory response to the virus.

More recently, a multisystem inflammatory syndrome in children
(MIS-C), as defined by the Centers for Disease Control and Pre-
vention, has been reported as an uncommon but serious condition
temporally associated with SARS-CoV-2 infection. MIS-C mainly
occurs in older children and adolescents who have no apparent
previous comorbidities (15-17). This syndrome is probably triggered
by SARS-CoV-2, as some children have tested positive for viral
infection by polymerase chain reaction (PCR) or serology (16,17).
The high rate of IgG identification suggests a postviral or delayed
immunological response to the virus (15-18). Children with this
syndrome have elevated levels of the following inflammatory mark-
ers: C-reactive protein, procalcitonin, D-dimer, fibrinogen, ferritin,
and interleukin 6. The levels of these inflammatory markers are
presumed to correlate with the severity of disease (15,17). Clinically,
patients may present manifestations resembling those of Kawasaki’s
disease: persistent fever, skin rash, bilateral conjunctival injection,
oral mucosal changes, cervical lymphadenopathy, and peripheral
extremity changes (15,17). However, gastrointestinal symptoms
(abdominal pain, vomiting and diarrhea) are more common and are
reported in 53-100 % of cases (15,17). Gastrointestinal manifesta-
tions precede the other symptoms, and respiratory symptoms may
not be present (19,20). This reinforces the previous observation that
Gl symptoms are more common in patients with severe COVID-19
(21). Multiorgan damage, as seen in patients with MIS-C, includes
myocarditis or myocardial injury, acute kidney injury, and shock (15-
17,19,20). SARS-CoV-2 may directly cause these lesions, as these
organs also express ACE2. However, organ dysfunction is seen after
acute infection; therefore, the hyperinflammatory response and 0S
may be the leading causes of organ damage (22).

Table | summarizes the different characteristics associated with
MIS-C in the reported cases (15-20,23-27). Notably, in a cohort
of eight patients with MIS-C from London, 80 % of the patients
were over the 75" percentile in terms of weight, suggesting that
overweight and obesity are comorbidities associated with the
syndrome (18). In 21 patients from France, 5 (24 %) met these
criteria (17). Moreover, in another publication, 44 children with
MIS-C were on average above the 75" percentile, and 39 % were
above the 85™ percentile (23). This suggests that overweight and
obesity may be related to the severity of COVID-19 in children,
as is seen in adults (28). Therefore, we reviewed the possible
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mechanisms underlying the development of severe COVID-19 in
children, including MIS-C, and the role of nutrition.

INFLAMMATORY RESPONSE IN CHILDREN
WITH SEVERE COVID-19 AND OBESITY
OR UNDERNUTRITION

Obesity is defined as an abnormal or excessive fat accumulation
that presents a risk to health (29). Studies indicate that children
with obesity are at greater risk of developing severe COVID-19 (23),
and the inflammation associated with obesity could be one of the
factors that may worsen the symptoms of COVID-19 in children, as
seen in adults. The expansion of adipose tissue occurs via hyper-
plasia, which is defined as an increase in the number of adipocytes,
or hypertrophy, which is an increase in the size of adipocytes. The
latter is related to hypoxia, fibrosis, and inflammation. Adipose tis-
sue releases free fatty acids that activate Toll-like receptor 4 (TLR4)
in macrophages, increasing the inflammatory response. Addition-
ally, in obesity, polarization to M1 macrophages occurs in adipose
tissue, and these macrophages release inflammatory molecules
such as interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a)
and monocyte chemoattractant protein 1 (MCP1) (30). Therefore,
obesity is considered a chronic low-grade inflammatory state, and
this basal inflammation could lead to an exacerbated response to
the virus and the development of severe COVID-19.

There is limited evidence about the levels of ACE2 in obese
individuals. Studies in mice have shown that obesity increases
the amount of ACE2 in lung epithelial cells (31), as well as ACE2
activity and protein levels in the adipose tissue (32). Interestingly,
less information is available for humans. One study showed a ten-
dency towards increased protein expression of ACE2 in the viscer-
al adipose tissue of obese and malnourished humans; the same
tendency was observed for other members of the RAS, such as
angiotensinogen, ACE, and AT1 receptor (33). On the other hand, it
is worthwhile to mention the opposite pole of obesity, when there
is an energy deficit intake, such as an undernutrition status. In this
condition, inflammation could worsen the symptoms of COVID-19
since protein-energy malnutrition has been strongly associated with
inflammation. Additionally, the visceral adipose tissue of malnour-
ished patients had elevated inflammatory markers such as IL-6
and TNF-a,, similar to an obese condition (33). Nonetheless, more
studies are needed to establish whether obesity or an undernutri-
tion state may affect the amount of ACE2 in humans, and whether
modulation of ACE2 and inflammation by nutrients could serve as
a very attractive approach to the prevention of severe COVID-19.

ENDOTHELIAL DAMAGE IN CHILDREN WITH
SEVERE COVID-19

Chronic cardiovascular diseases are related to the development
of severe COVID-19, and a higher risk of thrombosis has also been
described (34); therefore, endothelial cells have gained attention as
a target to prevent complications of COVID-19.

[Nutr Hosp 2021;38(3):622-630]
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The available information shows that SARS-CoV-2 can infect
human blood vessels in vitro (35). Since ACE2 is expressed in the
endothelial cells that line the blood vessels in multiple organs, SARS-
CoV-2 has the capacity to enter those blood vessels and activate an
inflammatory response. Recently, an article suggested that SARS-
CoV-2 facilitates the development of endotheliitis in several organs in
adults. Histological analysis showed the recruitment of inflammatory
cells, which can lead to endothelial dysfunction and apoptosis. This
could in part explain the impaired microcirculatory function and isch-
emia found in COVID-19 patients. If we consider that patients with
cardiovascular diseases are prone to endothelial dysfunction (36), it is
understandable that SARS-CoV-2 infection worsens the inflammatory
condition and contributes to the poor prognosis. It is still unknown why
children with chronic ailments such as chronic pulmonary disease
and obesity are prone to developing MIS-C (37), but a hypothesis
is that the presence of a local RAS in endothelial cells and vascular
smooth muscle cells (VSMCs) means that ACE2 is embedded in those
cell membranes; hence, if SARS-CoV-2 is able to enter and replicate
in those endothelial cells, it is plausible that when the virus leaves
those cells, it will be able to infect the neighboring cells, the VSMCs.
This could increase local inflammation and worsen vasculitis (Fig. 1).

OXIDATIVE STRESS IN CHILDREN WITH
SEVERE COVID-19

0S is defined as an imbalance between ROS and antioxidants,
leading to cell damage (38). This imbalance is related to the devel-

X. Ledn-Lara et al.

opment of complications generated by obesity, inflammation, and
the immune response. In addition, some viral infections are also
known to contribute to increased OS, and have been associated with
impaired immune responses (22). All of these factors are known
to play major roles in the severity of COVID-19. OS increases the
pathological inflammatory response, which is crucial for viral repli-
cation and the subsequent development of the disease associated
with the virus. The association of severe cases of COVID-19 in chil-
dren with an elevated BMI may be directly related to a predisposition
to OS generation (39). In fact, there are associations between 0S,
inflammation, and the pathogenesis of SARS-CoV infection (22).

MIS-C, which is temporarily associated with SARS-CoV-2 infec-
tion, is similar to Kawasaki’s disease, which is characterized by
systemic vasculitis caused by inflammation of the blood vessels
and subsequent damage to the coronary arteries (40). During the
inflammatory process, cells release a number of ROS at the site
of inflammation, leading to an exacerbation of OS (41). In addition,
ROS can initiate an intracellular signaling cascade that increases
the expression of pro-inflammatory genes through the activation
of transcription nuclear factor B (NF-kB), resulting in an exacerbat-
ed inflammatory response of the host by inducing the expression
of genes such as TNF-a and IL-6, and upregulating inflammatory
molecules such as vascular cell adhesion molecule 1 (VCAM-1),
intercellular adhesion molecule 1 (ICAM-1), and other genes that
are overexpressed in SARS-CoV-2-infected patients (10).

These excessive ROS levels not only generate OS but also pro-
mote the generation of oxidative damage through the oxidation of
various biomolecules such as lipids, proteins, and DNA. Oxidative
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Figure 1.

Hypothesis on the pathogenesis of endothelial damage and vasculitis during obesity and SARS-CoV-2 infection. Blood
vessels are constituted by an internal layer known as endothelium, and their neighboring cells are vascular smooth
muscle cells (VSMC); both express a local RAS including ACE2. SARS-CoV-2 could infect endothelial cells, multiplicate,
and infect smooth muscle cells, generating inflammation. A pre-existent condition such as obesity with hypertrophic
adipose tissue, which releases inflammatory molecules, could worsen the local inflammatory response leading to the
vasculitis that is present in the multisystem inflammatory syndrome of children. M1: macrophages M1; M2: mac-
rophages M2; IL-6: interleukin 6; TNF-o: tumor necrosis factor alpha; MCP-1: monocyte chemoattractant protein 1.
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damage to proteins and lipids causes alterations and dysfunction
in cell signaling; several morphological and functional modifica-
tions are promoted by ROS, such as the oxidation of thiols and
the downregulation of glycoproteins involved in processes such
as cell adhesion, angiogenesis, inflammation, and apoptosis (42).
During the infection process, the production of ROS is exacerbated
because the activation of the immune system also involves the
activity of pro-oxidant hemoproteins such as NADPH oxidase and
myeloperoxidase. These enzymes are capable of participating in
oxidative reactions leading to the formation of the oxidized protein
3-NitroTyr, which is associated with acute and chronic vascular
and pulmonary diseases (43). In addition, excessively high ROS
levels promote the oxidation of low-density lipoproteins, which in
turn promotes a pro-inflammatory environment, inhibits endothe-
lial nitric oxide synthase, promotes the retention of macrophages
in the arterial wall, stimulates the proliferation of vascular smooth
muscle cells, and disrupts endothelial function (44). This is very
important because these alterations likely play important roles in
disturbances in the redox homeostasis of red blood cells, resulting
in anemia and the formation of blood clots, which may be asso-
ciated with the inflammation of blood vessels seen in children
with SARS-CoV-2 infection (20). Oxidative damage is increased in
obese children due to reductions in the activity of enzymes in the
endogenous antioxidant system, and in the levels of endogenous
antioxidants such as glutathione (45). Thus, these data suggest
that in children, chronic inflammation and OS are essential factors
in the development of complications in the setting of SARS-CoV-2
infection. Therefore, regulation of the intake of macronutrients or
micronutrients, including bioactive compounds with antioxidant
or anti-inflammatory properties, could be used as a strategy to
reduce the consequences of the severe inflammatory syndrome
present in children during the late phase of SARS-CoV-2 infection.

IMPACT OF NUTRITION WITH REGARD TO
REDUCING INFLAMMATION, OS, AND/OR
ENDOTHELIAL DAMAGE

Can food and the bioactive compounds therein have an impact
on reducing inflammation, OS, and/or the immune response? There
is evidence to suggest that isolated nutrients, diet in general, and
bioactive compounds could play important roles in the prevention
of the inflammatory cascade due to their anti-inflammatory and
antioxidant activities (46,47). Although there are conflicting data,
the available evidence indicates that supplementation with multiple
micronutrients that have immune support functions can modulate
immune activity and reduce the risk of infection. The micronutrients
and bioactive compounds with the strongest evidence suggest-
ing their role in immune support, anti-inflammatory effects, and
a reduction of ROS are vitamins C and D, zinc, and polyphenols.
However, it is important to mention that it is necessary to satisfy
the complex needs of the patient, including the synergy between
macronutrients and micronutrients. Below, we focus on these bio-
active nutrients/compounds with specific reference to the evidence
regarding the factors underlying respiratory disease.
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VITAMIN D

Evidence in children regarding vitamin D supplementation indi-
cates that it reduces the incidence of influenza infection and other
acute respiratory infections. This can be attributed to the fact that
calcitriol (the active form of vitamin D) stimulates the expression of
some antimicrobial peptides in epithelial cells, such as those that
line the respiratory tract, protecting the lungs from infection (48).
There is also evidence related to signals modulating the inflam-
matory response by modulating the activity of NF-kB through the
upregulation of the NF-B inhibitor protein (IB); in this way, the pro-
duction of molecules that amplify the inflammatory response, such
as IL-6, IL-1, and TNF-a, is inhibited, influencing the production
of enzymes such as iINOS, COX-2, and PLA2, that determine the
production of free ROS resulting in tissue damage (49).

One of the comorbidities suggested as a risk factor for increased
severity of disease in children with chronic lung disease is obesity.
Moreover, there is an association between obesity and vitamin D
deficiency, and it has been proposed that fat-soluble hormones,
including vitamin D, are sequestered in adipose tissue. This results
in decreased bioavailability (50) and insufficient serum concen-
trations of vitamin D, which could compromise the regulation of
pathways that promote the innate immune response while sup-
pressing the adaptive immune response (51).

VITAMIN C

Vitamin C is involved in the function of the epithelial barrier,
which protects against pathogens, and the cellular functions of
the innate and adaptive immune systems; in addition, it protects
against 0S (52). In particular, it has been documented that vitamin
C may protect against lung infections due to its immunomodulato-
ry function and activation of inflammatory mediators. In addition,
during infection, vitamin C levels may be depleted, suggesting
that vitamin C supplementation could attenuate infections (53).

A systematic review of randomized clinical trials that includ-
ed studies with children aged 3 months to 18 years evaluated
whether the administration of vitamin C had an impact on upper
respiratory tract infections (URTIs), which are generally caused by
a viral infection; they found that the duration of URTIs decreased
by 1.6 days; however, there was no difference in the incidence of
URTIs; no serious adverse events were reported (54).

POLYPHENOLS

Polyphenols are compounds that form one or more hydroxyl
groups in one or more aromatic rings, and are found naturally in
fruits, vegetables, grains, and roots. Polyphenols have antioxidant
activity, which may depend on the structure of their function-
al groups; for example, the number of hydroxyl groups strongly
influences various mechanisms of antioxidant activity, such as
radical scavenging and the capacity to chelate metal ions. This
antioxidant activity is related to the ability of polyphenols to elim-
inate a wide range of ROS.
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Curcumin is a bioactive polyphenol found in the spice turmer-
ic, and it has been documented that it has various biological
functions, such as antioxidative and anti-inflammatory activi-
ties, in different organs, including the adipose tissue. A recent
study found that curcumin could bind the target SARS-CoV-2
receptors, ACE2, and could therefore compete with the virus;
this activity could be used to prevent infection (55). Curcumin
has also been reported to inhibit influenza virus infection by
activating the nuclear antioxidant erythroid factor 2-related fac-
tor 2 (Nrf2) pathway, and inhibiting virus-induced inflammatory
pathways (56).

This bioactive compound has been evaluated in children and
adolescents (7-18 years) with persistent asthma in a randomized
clinical trial. In the trial, powdered Curcuma longa root (30 mg/
kg/day) was administered for 6 months, and they observed that
after 3 and 6 months of supplementation, children had less fre-
quent nighttime awakenings, less frequent use of short-acting
beta-adrenergic agonists (SA B AA), and better disease control.
These results were due to anti-inflammatory and antioxidant
effects, which alleviated bronchial hyperreactivity (57).

The synergy of the administration of these micronutrients could
produce a better response in a patient; in fact, it is reported that
a combination of three bioactive compounds, namely vitamin C,

X. Ledn-Lara et al.

curcumin, and glycyrrhizic acid, showed a promising control over
the production of interferons and regulated the inflammatory
response, suggesting that these interventions may be useful for
regulating the immune response to SARS-CoV-2 infection (58).

ZINC

Zinc is an essential trace element that plays an important role
in the immune function, and the deficiency of this trace element
has been associated with increased susceptibility to infectious
diseases, specifically viral diseases. It has been observed that in
pediatric patients with pneumonia on admission, zinc concentra-
tions are below normal levels. Zinc depletion may be caused by
the consumption of zinc by peripheral blood mononuclear cells
during the inflammatory response (59). Zinc sulfate supplemen-
tation has been evaluated in children < 5 years old (10 mg for
children younger than 1 year, 20 mg for children older than 1 year)
with pneumonia, and improvements were observed in respiratory
rate, oxygen saturation level, and disease duration; in addition,
increases were observed in the concentrations of IFNy and IL-2,
resulting in an improvement of clinical symptoms mediated by the
cellular immune response (60) (Fig. 2).
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Figure 2.

Hypothesis of a possible interaction between the inflammatory process and oxidative stress in the complications caused by COVID-19 in children with
obesity, and the impact of nutrition to reduce their response. ROS: reactive oxygen species; NF-KB: nuclear factor kappa B; IL-6: interleukin 6; IL-1:
interleukin 1; TNF-a: tumor necrosis factor alpha; C-RP: C-reactive protein; VCAM-I: vascular cell adhesion molecule 1; ICAM-I: intercellular adhesion
molecule 1; MPO: myeloperoxidase; NADPH oxidase: nicotinamide adenine dinucleotide phosphate oxidase; Nrf2: nuclear factor erythroid 2-related factor 2.
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CONCLUSION

The pathophysiology of SARS-CoV-2 infection is characterized

by aggressive inflammatory responses that are strongly implicated
in the damage observed in the airways and organs; therefore,
the severity of the disease in children is caused not only by the
viral infection itself but also by the host immune response. Given
this premise, it is reasonable to consider endothelial dysfunc-
tion, mediated by OS and inflammation, as a therapeutic target
in COVID-19 patients. Therefore, it is important to discuss the
role of nutrition as an adjunct therapeutic measure to decrease
the inflammation and OS generated during infection. Additionally,
another important factor affecting the severity of COVID-19 is the
degree to which the patient is immunocompromised. In terms of
nutrition, there is substantial controversy over whether specific
nutrients could have an impact on ‘improving’ the immune system.
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Resumen

La evidencia cientifica indica que comer de modo lento reduce la ingesta de alimentos y de energia. Sin embargo, son pocas las investigaciones
que han estudiado el efecto de las técnicas y estrategias que modifican la velocidad al comer sobre la ingesta. El objetivo de este estudio es
analizar la relacion entre estas técnicas y la ingesta de alimentos y/o energia. Para ello se realizé una revision sistematica de 15 estudios de seres
humanos y un metaanalisis de 7 estudios con 11 manipulaciones experimentales y 1 observacional. Se incluyeron tnicamente los resultados
de dos condiciones, “lenta” vs. “rapida”, de la velocidad al comer y la ingesta. La estimacion del efecto se expresé en OR con un IC del 95 %
bajo el modelo de efectos aleatorios, y se evalud la heterogeneidad con I2. También se evalud el sesgo de publicacion con un grafico de embudo
y la prueba de la regresion lineal de Egger. Los resultados indican que comer de modo lento es un factor de proteccion (OR = 0,73) frente a la
ingesta excesiva. Ademas, comer bocados pequefios con una cuchara chica (OR = 0,315), servir los guisados en platos separados (OR = 0,860
y OR = 0,831), usar un tenedor con retroalimentacion vibrotéctil (OR = 0,847) y comer alimentos de textura dura (OR = 0,891) son las técnicas y
estrategias que modifican la velocidad al comer y disminuyen la ingesta de alimentos o energia. El presente estudio confirma la premisa de que
el comer de modo lento podra reducir la ingesta excesiva de alimentos y de energia.

Abstract

Scientific evidence indicates that eating slowly reduces food and energy intake. However, few investigations have studied the effect of techniques
and strategies that modify eating speed on intake. The objective of this study is to analyze the relationship between these techniques and food and/
or energy intake. Therefore, a systematic review of 15 human studies and a meta-analysis of 7 studies with 11 experimental and 1 observational
manipulations were carried out. Only the results of two conditions were included, “slow” vs. “fast” of eating speed and ingestion. The estimation
of the effect was expressed in OR with a 95 % CI under a random effects model, and heterogeneity was assessed with I>. Publication bias was
also assessed with a funnel plot and Egger’s linear regression test. The results indicate that eating slowly is a protective factor (OR = 0.73) from
excessive intake. Additionally, eating small bites with a small spoon (OR = 0.315), serving food preparations on separate plates (OR = 0.860 and
OR = 0.831), using a vibrotactile feedback fork (OR = 0.847), and eating hard-textured foods (OR = 0.831) are the techniques and strategies
that modify eating speed and decrease food or energy intake. The present study confirms the premise that eating slowly can reduce excessive
food and energy intake.

Recibido: 02/12/2020 e Aceptado: 21/03/2021

Conflictos de intereses: los autores declaran no tener conflictos de intereses.

Correspondencia:
Fatima Ezzahra Housni. Instituto de Investigaciones

Séenz-Pardo-Reyes E, Ezzahra Housni F, Ldpez-Espinoza A, Martinez Moreno AG, Padilla Galindo MR,
Velazquez Saucedo G. Efecto de las técnicas y estrategias de modificacion de la velocidad al comer sobre
la ingesta de alimentos o energia: revision sistemética y metaanalisis. Nutr Hosp 2021;38(3):631-644

DOI: http://dx.doi.org/10.20960/nh.03467

en Comportamiento Alimentario y Nutricion (IICAN).
Universidad de Guadalajara. Av. Enrique Arreola Silva,
883. Col. Centro. 49000 Ciudad Guzman, Jalisco.
México

e-mail: fatima.housni@cusur.udg.mx

©Copyright 2021 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).



632

INTRODUCCION

El fendmeno de la velocidad al comer ha sido de gran interés
en los Ultimos afios debido a que la evidencia procedente de
estudios observacionales, revisiones sistematicas y metaandlisis
ha demostrado que el comer de modo rapido se asocia a la pre-
sencia de sobrepeso y obesidad (1-4). Ademas, se ha planteado
que la velocidad al comer es el vinculo mediador entre el indice
de masa corporal (IMC) y la ingesta de energia durante un epi-
sodio alimentario (5). No obstante, desde antes del siglo XX se
argumentaba que el comer de modo rapido estimula una mayor
ingesta de energia que, a su vez, promueve la ganancia de peso
corporal y lleva al sobrepeso o la obesidad (6-10).

Aunado a lo anterior, se ha correlacionado la masa libre de
grasa y la tasa metabdlica basal con la velocidad al comer, sugi-
riéndose que las tasas de consumo alimentario (velocidad al
comer) mas rapidas promueven una mayor ingesta de energia
como respuesta conductual adaptativa a los mayores requeri-
mientos energeticos (11). También se ha sefialado que el comer
rapidamente tiene una base genética que aumenta el riesgo de
factores conductuales para el aumento de peso, y este es un
rasgo caracterizado como hereditario que se mantiene estable
en el tiempo (12). Por otro lado, se ha observado que, cuando un
individuo come rapidamente en una ocasion, es posible predecir
que también comera de modo rapido y con una ingesta elevada
en comidas posteriores, independientemente de las diferencias
de composicion corporal (13).

Pero, independientemente de los aspectos genéticos y bioldgi-
cos, la velocidad al comer se puede modificar por elementos del
medio ambiente. Por ejemplo, se ha manipulado por el tipo de
cubierto empleado (14), la forma de servir la comida (15), el
tamafio de la porcion (16), las propiedades nutricionales (16,17),
las instrucciones verbales o computarizadas (18-20), la retroa-
limentacion vibrotactil de los cubiertos (21) y la textura de los
alimentos (16,18,22-24).

Esto ha dado lugar a intervenciones clinicas y recomenda-
ciones de salud publica para disminuir la velocidad al comer
(25). Por ejemplo, en 2009, “The Obesity Society” recomendd
a las personas con obesidad que disminuyeran la velocidad al
comer como medio para controlar la ingesta de energia (26).
Sin embargo, el analisis de las revisiones sistematicas sobre los
métodos elegidos para manipular la velocidad al comer es limita-
do, dado que dichas revisiones lo han planteado como un objetivo
secundario de sus reportes (27). Por tanto, aunque la evidencia
cientifica indica que la velocidad al comer afecta a la ingesta de
energia y, por consiguiente, en la practica clinica se recomienda
disminuir la velocidad al comer para reducir la ingesta de ener-
gia, aun no se ha realizado un andlisis detallado del efecto de los
métodos que modifican la velocidad al comer sobre la ingesta.
La realizacion de este andlisis proporcionaria a los profesionales
de la nutricion un sustento cientifico para la seleccion e imple-
mentacion de técnicas y estrategias que modifiquen la velocidad
al comer de los pacientes que necesiten reducir su ingesta de
alimentos y energia. Por tal motivo, el objetivo principal de la
presente publicacion es analizar el efecto de los métodos que
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modifican la velocidad al comer sobre la ingesta de alimentos
y de energia, mientras que el objetivo secundario es evaluar si
hay evidencia cientifica que sustente la premisa de que comer
de modo lento es un factor de proteccion frente a la ingesta de
alimentos y de energia.

METODOS

CRITERIOS DE INCLUSION
Participantes

Se incluyeron estudios experimentales y observacionales con
participantes de cualquier sexo, edad, composicion corporal,
actividad fisica y pais. Se excluyeron los estudios que selec-
cionaron participantes con trastornos alimentarios clinicamente
definidos.

Tipo de estudios

Se seleccionaron aquellos estudios experimentales en los que
se manipuld la velocidad al comer por medio del alimento o el
ambiente alimentario, y se observo su efecto sobre la ingesta de
alimentos o de energia. Adicionalmente, se incluyeron estudios
observacionales en los que se hubiera categorizado la velocidad
al comer.

Comparacioén de grupos y medida
de resultados

Los estudios observacionales o experimentales elegibles para
el metaanalisis fueron los que habian incluido resultados de dos
condiciones determinantes de la velocidad al comer (lenta frente
a rapida) y su efecto sobre la ingesta de alimentos o de ener-
gia. En cambio, para la revision sistematica se analizaron los
resultados de todos los estudios que habian evaluado el efecto
de la velocidad al comer sobre la ingesta de alimentos o de
energia, independientemente de la categorizacion utilizada para
el metaanalisis.

Diseno del estudio

Se eligieron estudios con disefios experimentales u observacio-
nales aleatorios y no aleatorios, tanto de comparacion entre gru-
pos como de comparaciones intrasujetos o de medidas repetidas.
En los estudios de medidas repetidas se realizd la comparacion
de los efectos de las condiciones (lenta vs. rapida) sobre cada
participante: es decir, el sujeto participé en las dos condiciones.
Por su parte, la comparacion entre dos grupos independientes
implica que un grupo comié conforme a la condicion “lenta” y el
otro segun la condicion “rapida”.
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DE ALIMENTOS O ENERGIA: REVISION SISTEMATICA Y METAANALISIS

Estrategia de busqueda

Se realiz una busqueda estratégica de publicaciones cientificas
en las bases de datos de PubMed (https://www.ncbi.nlm.nih.gov/
pubmed/), BASE (https://www.base-search.net) y ScienceDirect
(https://www.sciencedirect.com) durante los meses de julio, agosto
y septiembre de 2019. La busqueda incluyé una combinacion de
las palabras clave que hacen referencia a la velocidad al comer,
“eating rate”, “eating speed”, “quick eating”, “fast eating” y/o
“rapid eating” en combinacion con los términos de ingesta ali-
mentaria 0 energética, “food intake” y/o “energy intake. El proceso
de busqueda se guio por los ftems de referencia para publicar
revisiones sistematicas y metaanalisis, la declaracion PRISMA (28).

SELECCION DE ESTUDIOS Y EXTRACCION DE
DATOS

Dos autores (SPRE y HF) realizaron de forma independiente la
busqueda de la literatura y la extraccion de datos utilizando un
enfoque estandarizado. No se presentaron desacuerdos respecto
a la elegibilidad o calidad de ningun estudio.

Clasificacion de estudios

Se clasificaron como estudios de tipo 1 los observacionales o
experimentales sin datos de la condicion “rapida” vs. “lenta”, y
como estudios de tipo 2 los correspondientes del metaanalisis.

Datos registrados

Se registro el tamafio de la muestra de los participantes, la
edad, el IMC y las caracteristicas de la poblacion, como la nacio-
nalidad. Ademas, se especificd el método de manipulacion de la
velocidad al comer y los métodos de observacion y registro de
laingesta de alimentos o de energia junto con los resultados de la
velocidad al comer (g/min o kcal/min) y la ingesta de alimentos
(g) o de energia (kcal).

Informacién adicional

El metaanalisis se realizé con la extraccion de los datos de los
resultados de las condiciones “lenta” vs. “rapida” de la velocidad
al comer y la ingesta de alimentos o de energia.
ANALISIS ESTADISTICOS

Se utilizé el software STATA, version 14.1 (Stata Corp, College
Station, Texas, EUA), para administrar y analizar los datos. Se

clasificaron la velocidad al comer y la ingesta de alimentos o de
energia en dos condiciones: “lenta” vs. “rapida”. La estimacion
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del tamario del efecto de la velocidad al comer sobre el ries-
go de una mayor ingesta de alimentos o de energia se expreso
como razon de momios (OR) con intervalos de confianza (IC) del
95 %. Se generd bajo el modelo de efectos aleatorios dado que
se registrd la ingesta de alimentos o de energia en diferentes
medidas de valores numéricos (gramos, kcal, g/min, kcal/min).
Elindice de inconsistencia (1) se utilizo para evaluar la heteroge-
neidad entre los estudios, y su valor representa el porcentaje de
diversidad observado entre los estudios que es consecuencia de
la heterogeneidad ademés del azar. La heterogeneidad se consi-
der0 significativa si el 1> era mayor del 50 %; un valor superior al
50 % significa un mayor grado de heterogeneidad. Finalmente, se
realizo un grafico de embudo o funnel ploty se calculd la prueba
de Egger para evaluar el posible sesgo de publicacion (29).

RESULTADOS

SELECCION DE PUBLICACIONES CIENTIFICAS

En la figura 1 se muestra el diagrama de flujo que detalla el
proceso de seleccion de publicaciones para la revision sistematica
y el metaandlisis. La busqueda estratégica encontré 553 publi-

Blsqueda electrénica (n = 553)
PubMed (n = 85)
BASE (n =76)
Science Direct (n = 392)

Y

Revision de resimenes
n=21

No relevantes (n = 395)
Repetidos (n = 107)
No originales (n = 9)

Modelos animales (n = 11)

Y

Y

Revision completa
(n=31)

Otras publicaciones

5| del mismo estudio (n = 5)
- Datos no relevantes

v (n=11)

Revision sistematica
(n=15)

Datos incompletos™ (n = 8)
*sin condicion lenta vs.
rapida

Y

Y
Metaandlisis (n = 7)*
*11 manipulaciones

experimentales

y 1 estudio observacional

Figura 1.
Diagrama de flujo de la busqueda y seleccion de publicaciones.
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caciones, 85 en PubMed, 76 en BASE y 392 en ScienceDirect.
Se realizd una revision de los restimenes, descartandose 395
no relevantes, 107 repetidos, 9 no originales y 11 de modelos
animales. Posteriormente se efectud una revision completa de
las 32 publicaciones restantes, excluyéndose 5 publicaciones del
mismo estudio y 11 por datos no relevantes. Finalmente fueron
15 las publicaciones seleccionadas para la revision sistematica
del efecto de la velocidad al comer sobre la ingesta de alimentos
y energia (2,3,5,14-24,30). Para el metaanalisis se eliminaron
8 publicaciones por datos incompletos para poder categorizar
la velocidad al comer y la ingesta en dos condiciones (lenta vs.
rapida). En consecuencia, el metaanalisis estuvo compuesto por
7 publicaciones en las que se habian realizado un total de 11
manipulaciones de la velocidad al comer y 1 estudio observacional
(5,14,15,21,22,24,30).

CARACTERISTICAS DE LAS PUBLICACIONES
INCLUIDAS

Enlatabla |y la tabla Il se muestra la informacion detallada de
las 15 publicaciones elegidas para la revision sistematica, que
esta constituida por los siguientes elementos: a) nimero de suje-
tos en general y por sexos; b) edad; ¢) IMC; d) caracteristicas de
la poblacién, como la nacionalidad; €) tipo de manipulacion expe-
rimental de la velocidad al comer; f) métodos de observacion y
registro de la ingesta de alimentos o de energia; y g) resultados
del efecto sobre la ingesta de alimentos y energia.

Se registraron en total 13 estudios que habian medido la velo-
cidad al comer de modo directo (5,14-24,30) y 2 que lo habian
hecho por medio de cuestionarios autoadministrados (2,3). En
12 estudios se manipuld la velocidad al comer (14-24,30) por
medio de: el tipo de cubierto (14), el tamafio del cubierto (30),
la forma de servir la comida (15), el tamafio de la porcion (16),
las propiedades nutricionales de la comida (14,16,17,23), la
textura de los alimentos (16,18,22-24), instrucciones verbales o
computarizadas (19,20), y retroalimentacion vibrotactil del cubierto
(21). En cuanto a las caracteristicas de los participantes, 6 estudios
estuvieron conformados Unicamente por Sujetos con NOrmopeso
(2,17,18,22-24), 2 por mujeres (15,30) y 1 por nifios (5).

Las publicaciones se clasificaron en tipo 1y tipo 2; 1as de tipo
1 estuvieron conformadas por estudios observacionales o expe-
rimentales sin datos de la condicidn “rapida” vs. “lenta (Tabla I)
y las de tipo 2 correspondieron a las incluidas en el metaanalisis
(Tabla ).

PUBLICACIONES DE TIPO 1: SIN DATOS DE
LA CONDICION “RAPIDA” VS. “LENTA”

De las 15 publicaciones seleccionadas para la revision siste-
matica (Tabla | y Tabla Il), 8 presentaban datos incompletos sobre
las condiciones “rapida” y “lenta” de la velocidad al comer y la
ingesta de alimentos o energia (Tabla I). En 6 de ellas se habia
manipulado experimentalmente la velocidad al comer (16-20,23)
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y 2 eran sobre estudios observacionales (2,3). La edad de los
participantes oscilaba entre los 18 y los 69 arios; respecto al IMC,
7 estudios se habian realizado en sujetos con un IMC > 18,5 kg/
m?(2,3,17-20,23), y, de estos, 2 se habian efectuado Unicamente
en sujetos con sobrepeso u obesidad (3,19) y 3 en sujetos con
normopeso (2,17,18,23). En 1 publicacion se incluian sujetos
con un IMC categorizado como “delgadez” (16). Respecto a las
caracteristicas de la poblacion, 5 se habian realizado en paises
asidticos (2,3,16,18,23).

Analisis de subgrupos: métodos para
manipular la velocidad al comer

En 6 publicaciones clasificadas como de tipo 1 se manipuld
experimentalmente la velocidad al comer (16-20,23), por métodos
de modificacion de atributos de la textura de la comida (16,18,23)
como la dureza (18) y la viscosidad, asi como la densidad energé-
tica, el tamafio de la porcion (16) e indicaciones verbales (19,20).
Los resultados de estos estudios mostraron que disminuye la
velocidad al comer y la ingesta cuando la textura de los alimentos
0 comidas es mas dura (18), viscosa (16), masticable, resistente
y menos elastica (23), y cuando el tamafio de la porcion es mas
grande (16). Finalmente, el masticar mas veces la comida dismi-
nuye la velocidad al comer (20) y, a su vez, el comer lentamente
reduce la ingesta de alimentos y energia (19).

Analisis de subgrupo: estudios
observacionales

De las 8 publicaciones sin datos de la condicion rapida vs.
lenta (tipo 1), en 2 estudios no se realizd ninguna manipulacion
experimental: es decir, se trata de estudios observacionales. En
ellos se midié la velocidad al comer por medio de un cuestio-
nario breve de historia dietética autoadministrado, denominado
BDHQ (brief self-administered diet history questionnaire), y se
categorizd como: 1) muy lenta, 2) lenta o relativamente lenta,
3) mediana, 4) rapida o relativamente rapida y 5) muy rapida.
Los autores de estos estudios concluyeron que las personas
que comen mas rapido presentan una mayor ingesta de energia
(2,3). Ademas, se observd una diferencia significativa segun el
sexo, demostrandose que los hombres comen mas rapido que
las muijeres (2).

PUBLICACIONES DE TIPO 2: METAANALISIS

Fueron 7 publicaciones con datos completos de condicion
“rapida” vs. “lenta” de la velocidad al comer y la ingesta de
alimentos o energia las que se incluyeron en la revision sis-
tematica (Tabla Il) y el metaanalisis (Figs. 2 y 3). En ellas se
habian documentado 11 manipulaciones experimentales de la
velocidad al comer (14,15,21,22,24,30) y 1 estudio era obser-
vacional (5).

[Nutr Hosp 2021;38(3):631-644]
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En cuanto al sexo, 2 estudios se realizaron exclusivamente con
mujeres (15,30); respecto a la edad, 1 estudio se habia llevado
a cabo en nifios de 2,5 a 6,5 afios (5) y 6 en adultos de 18 a
80 aros (14,15,21,22,24,30). Referente al IMC, 2 publicaciones
se referian Unicamente a sujetos con normopeso (22,24), 2 a
sujetos con IMC de normopeso, sobrepeso u obesidad (5,30),
y 3 a sujetos con delgadez, normopeso, sobrepeso y obesidad
(14,15,21). En relacion con las caracteristicas de la poblacion, 1
estudio se habia realizado en estadounidenses (30), 1 en austra-
lianos (14), 2 en asiaticos (5,15) y 3 en la poblacion de los Paises
Bajos (21,22,24).

Analisis de subgrupos: métodos para
manipular la velocidad al comer

En las publicaciones de tipo 2 se realizaron 11 manipulaciones
experimentales de la velocidad al comer, las cuales se especifican a
continuacion: a) cuchara grande frente a cuchara chica; b) cuchara
frente a tenedor (30); ¢) tenedor con retroalimentacion vibrotactil
cuando se come rapido frente a sin retroalimentacion vibrotactil
(21); d) viscosidad baja frente a alta; e) tamafio de la particula
pequefio frente a grande (22); f) comida en un solo plato frente a
varios platos de estilo asiatico (15); g) comidas con textura suave
frente a dura (carne, carne vegetariana, dulces) (24). Si bien, los
resultados de estos manuscritos mostraban una mayor ingesta de
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alimentos o energia en la condicion rapida, el metaanalisis realizado
en el presente estudio (Fig. 2) muestra que las técnicas y estrategias
de modificacion de la velocidad al comer que disminuyen eficaz-
mente (OR < 1) la ingesta de alimentos o energia son: a) comer
pequefios bocados con una cuchara chica, realizando entre 20 a 30
masticaciones por bocado y dejando la cuchara en la mesa entre
bocados (30); b) servir los guisados en platos separados o al estilo
asidtico (15); ¢) usar un tenedor que emita una suave vibracion y
encienda una luz roja cuando el sujeto come de modo rapido (21);
y d) comer alimentos con textura dura (24).

Analisis de subgrupos: estudios
observacionales

De las 7 publicaciones que cumplian los criterios de inclusion
para el metaanalisis (Figs. 1y 2), 1 estudio era observacional, es
decir, no se realizd en él ninguna manipulacion experimental. En él
se registro la velocidad al comer por medio de la videograbacion
de una sesion de comida ad libitumy se proceso con el software
ELAN. Los autores concluyeron que los nifios que habian comi-
do mas rapidamente habian tenido una mayor ingesta de ener-
gia (5). Ademas, el andlisis realizado en el presente manuscrito
(Fig. 2) con los resultados de este estudio observacional confirma
que una velocidad lenta al comer reduce la ingesta de energia
(OR =10,831;1C 95 %: 0,264-2,613).

OR IC (95 %) % peso Riesgo menor | Riesgo mayor
Ingesta de alimentos
Andrade y cols. (30) 0,315 0,204 0,486 19,81 I |
Bolhius y Keast (14) 1,058 0,713 1,572 147 Pr'—
Hermans y cols. (21) 0,847 0,240 2,988 1,26 5 |
Mosca y cols. (22) 0,996 0,680 1,457 12,73 L
Mosca y cols. (22) 1,032 0,705 1,510 12,50 .
Suhy Jung (15) 0,860 0,443 1,671 4,54 : :
Zijlastra y cols. (24) 0,891 0,478 1,660 5,06 -
Zijlastra y cols. (24) 1,069 0,546 2,092 3,95 ;
Zijlastra y cols. (24) 1,036 0,378 2,838 1,78 '
Ingesta de energia _
Andrade y cols. (30) 0,315 0,205 0,483 20,53 —
Fogel y cols. (5) 0,831 0,264 2,613 1,58 — T
Suhy Jung (15) 0,845 0,441 1,620 478 <>
M-H RM agrupado 0,713 0,615 0,827 100 '
Heterogeneidad chi-cuadrada = 41,04 (d.f. = 11) p = 0,000
12 (variacion en OR atribuible a heterogeneidad) = 73,2 %
Testde OR = 1: 2= 4,46 p = 0,000

Figura 2.

Diagrama de bosque del efecto de la velocidad al comer sobre la ingesta de alimentos y de energia. Metaanalisis por OR con IC del 95 % y modelo de efectos aleatorios

(M-H: Mantel-Haenszel; OR: odds ratio; IC: intervalo de confianza).
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EFECTO DE LA VELOCIDAD AL COMER
SOBRE LA INGESTA DE ALIMENTOS O
ENERGIA

En la figura 2 se observa el andlisis de 7 publicaciones
en relacion con dos condiciones —“rapida” vs. “lenta”—
de la velocidad al comer y la ingesta de alimentos o energia
(5,14,15,21,22,24,30); en ellas se realizaron 11 manipulacio-
nes experimentales diferentes (14,15,21,22,24,30) y 1 estudio
fue observacional (5). Los estudios con una OR < 1 fueron 5
(6,15,21,22,24,30) y esto significa que sus técnicas y estrate-
gias para modificar la velocidad al comer se consideraron como
“factores de proteccion frente a la ingesta excesiva (riesgo
menor)”, es decir, como eficaces para disminuir la ingesta de
alimentos o energia. Estos fueron: comer con una cuchara chica
en lugar de grande (OR = 0,315) (30); servir los guisados en
platos separados en lugar de en el mismo plato (OR = 0,860
y OR = 0,831) (15); usar un tenedor con retroalimentacion
vibrotactil en lugar de uno sin retroalimentacion vibrotactil
(OR = 0,847) (21), y comer alimentos de textura dura en lugar
de suave (carne) (OR = 0,891) (24).

Por otro lado, las manipulaciones experimentales de la veloci-
dad al comer que mostraron un efecto indiferente sobre la ingesta
de alimentos (OR = 1) fueron el utilizar una cuchara en lugar de
un tenedor (OR = 1,058) (14), el comer alimentos (granola) de
particulas pequefias en lugar de particulas grandes (OR = 1,032)
(22), la textura de los alimentos suave en lugar de dura (carne
vegetariana, OR = 1,069; dulces, OR = 1,036) (24) y la viscosidad
alta en lugar de baja (OR = 0,996) (22).

Finalmente, el OR agrupado fue de 0,713 (IC 95 %, 0,615-
0,827), lo que indico la presencia de asociacion al factor de

proteccion con un 1>del 73,2 % (p = 0,000), que exhibe hetero-
geneidad entre los estudios, demostrando que el comer de modo
“lento” es un factor de proteccion frente a la ingesta excesiva de
alimentos y de energia.

SESGO DE PUBLICACION

Se evalud el sesgo de publicacion por medio de un grafico de
embudo o funnel plot (Fig. 3), que produjo una representacion
gréfica asimétrica sugestiva de sesgo segun el tamafo del efecto.
Este resultado se puede deber a la limitada publicacion de manus-
critos sobre el tema de la velocidad al comer y de la ingesta, a que
se publiquen Unicamente articulos con resultados positivos o a
que haya defectos en la calidad de dichos articulos. Sin embargo,
los graficos de embudo son una técnica visual subjetiva, por o
cual se complementaron con la prueba de la regresion lineal de
Egger, que indicé la ausencia de sesgo de publicacion (p = 0,728,
IC =95 %).

DISCUSION

El principal hallazgo de la presente revision sistematica y
metaanalisis fue la identificacion de las técnicas y estrategias de
modificacion de la velocidad al comer que tienen un efecto sobre
la ingesta de alimentos o de energia. Estas fueron el tamafo del
cubierto, el nimero de platos en los que se sirve la comida, la
dureza de los alimentos y el uso de cubiertos con retroalimenta-
cion vibrotactil. Ademas, se proporciond evidencia cientifica que
sustenta la premisa de que el comer de modo lento es un factor

Funnel plot with pseudo 95% confidence limits
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Grafica de embudo del sesgo de publicacion. Nota: en el eje de las abscisas se observa la medida del efecto

y en el eje de las ordenadas, la medida de la precision.
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de proteccion frente a la ingesta excesiva, planteandose que,
cuando los individuos comen de modo lento, ingieren menos
comida y energia. Ahora bien, se encontré heterogeneidad entre
los estudios analizados debido a que midieron la ingesta y la velo-
cidad al comer con diferentes unidades de medida, tales como
gramos, kilocalorias, cucharadas, gramos por minuto, kilocalorias
por minuto, cucharas por minuto, etc. No obstante, independien-
temente de la heterogeneidad de los estudios incluidos en este
metaandlisis, la evaluacion del sesgo de publicacion realizada
indico ausencia del mismo.

Los resultados mencionados anteriormente concuerdan con
los del metaanalisis realizado por Ronbinson y cols. en el afio
2014, en el que sus autores concluyeron que la velocidad al
comer afecta a la ingesta de energia y sugirieron la necesidad
de identificar las técnicas y estrategias de modificacion de la
velocidad al comer que pudieran utilizarse en la vida cotidiana
para limitar la ingesta excesiva de energia. Aunque en su revision
sistematica se muestran los resultados de los métodos de mani-
pulacion de la velocidad al comer sobre la ingesta energética, y su
metaanalisis sefiala el efecto de los estudios incluidos, los autores
no discutieron este aspecto detalladamente, dado que no era el
objetivo principal de su estudio. También es relevante mencionar
que hubo heterogeneidad entre los estudios que analizaron, por lo
que realizaron un analisis de subgrupos que demostré un efecto
consistente de la velocidad al comer sobre la ingesta de ener-
gia, independientemente del tipo de manipulacion experimental
realizada (27). Por su parte, Ohkuma y cols. (2015) asociaron los
resultados de su metaandlisis de la velocidad al comer con la obe-
sidad y también sugirieron que se debian realizar investigaciones
con el objetivo de determinar las técnicas y estrategias eficaces
para disminuir la velocidad al comer (1), objetivo que se cumple
con la presente investigacion.

La presente revision sistematica y metaanalisis incluye estudios
que midieron tanto la velocidad al comer como la ingesta de ali-
mentos o energia. Sin embargo, es importante mencionar que se
han realizado diversas investigaciones en las cuales se ha medido
Unicamente la velocidad al comer o la ingesta, con lo cual se ha
determinado que los factores principales que logran modificarlas
son el volumen de la porcion percibido o la expectativa de sacie-
dad (8,31-34), el tamario del bocado (14,30), la palatabilidad de
la comida (8), las propiedades sensoriales y nutricionales de los
alimentos (14,16-18,22-24,34) como el contenido de fibra (4,34),
y la textura de estos (16,18,22-24,34); respecto a la textura, se
han reportado atributos como la dureza y la viscosidad que ya
se discutieron en el presente metaanalisis, pero también se ha
sefialado la complejidad textural como un factor que influye sobre
la ingesta de alimentos (35,36).

Con respecto a los programas de intervencion clinica, en el
estudio de Torbahn y cols. (2017) se proporciond tratamiento
nutricional centrado en cambios de la conducta alimentaria y
de la actividad fisica a pacientes pediatricos con obesidad. Se
analizo la asociacion de los cambios de la velocidad al comer
con el tamafio de las porciones y los habitos dietéticos con el
IMC. Sus resultados mostraron que la disminucion de la veloci-
dad al comer y el tamario de las porciones se asociaban con la
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reduccion del IMC a los 2 afios de la intervencion, proponiendo
los autores que los programas de educacion nutricional debian
centrarse en la reduccion de la velocidad al comer y el tamafio
de las porciones (37).

En cuanto a los posibles mecanismos de accion, los hallazgos
del presente manuscrito y de las investigaciones previas sefalan
que una velocidad lenta al comer se caracteriza por bocados
pequefios y un mayor tiempo de masticacion, sugiriéndose que
mejora la capacidad de saciarse gracias a un tiempo mas lar-
go de exposicion orosensorial a los alimentos (38-41), pues los
alimentos o calorias que se ingieren rapidamente no son per-
cibidos por el sentido del gusto durante la fase cefalica de la
digestion (41). Ademas, se ha asociado el comer rapidamente
con un vaciamiento gastrico rapido y una respuesta disminuida
de las hormonas gastrointestinales de la saciedad (42-46), junto
con una disminucion de la termogénesis posprandial y la acumu-
lacion de tejido adiposo blanco (47,48), mientras que en el caso
contrario, cuando se come de modo lento, el sentido del gusto
registra adecuadamente la cantidad de nutrientes y de energia,
Se promueve un vaciamiento gastrico lento con una respuesta
pronunciada de hormonas gastrointestinales de efecto anorexi-
génico y se aumenta la termogénesis posprandial (33,38-48).
Por otro lado, se ha propuesto que la velocidad al comer esta
mediada por la retroalimentacion visual y no es simplemente una
respuesta refleja de la estimulacion orosensorial, demostrandose
que la velocidad al comer es un proceso que se corrige con cam-
bios mas rapidos o mas lentos conforme al volumen remanente
percibido en los cubiertos. Con lo cual, al parecer las personas
también usan el sentido de la vista para contar el volumen o las
calorfas, produciéndose una expectativa de saciacion (8,31-34).

Finalmente, en el presente metaanalisis no se identificd ningu-
na limitacion importante dado que la mayoria de los estudios ana-
lizados fueron experimentales y los andlisis fueron intrasujetos,
aunque en algunos se manipulé la velocidad al comer por medio
de modificaciones de las propiedades sensoriales de la comida,
especificamente de los atributos de textura y dureza, viscosidad
y tamafio de las particulas, lo que puede ocasionar cambios en
la ingesta independientemente de la tasa de alimentacion. Los
resultados de los demds estudios mostraron una mayor ingesta
de comida o energia en la condicion “rapida” con respecto a la
“lenta”; asimismo, el analisis grupal indicd que comer de modo
“lento” es un factor de proteccion frente a la ingesta excesiva.
Otra limitacion es que todos los estudios experimentales midie-
ron las variables durante una sesion de comida, por lo cual no
se puede concluir que estas técnicas y estrategias de modifica-
cién de la velocidad al comer producen cambios constantes de
la ingesta en otro ambiente diferente al laboratorio. Por tanto,
es relevante mencionar que McCrickerd y Forde (2017) com-
probaron la hipétesis referente a la constancia de la velocidad
al comer en el tiempo, demostrando que el comer rapido es un
factor consistente entre los individuos y que, cuando Se registra
que un individuo comié rapidamente en una ocasion, se puede
predecir que también comera de modo rapido y con una ingesta
elevada en subsiguientes comidas. Sin embargo, en este estu-
dio se utilizé el mismo platillo de comida en todas las medicio-
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nes como control del experimento; por tanto, los resultados de
este estudio predicen la velocidad al comer de un sujeto con un
determinado platillo, y esta se podria modificar cuando el sujeto
consume otra comida con diferentes propiedades sensoriales 0
por medio de manipulaciones en el medio ambiente alimentario
(13). Ahora hien, aunque hay que tener cuidado al extrapolar los
datos, los estudios incluidos en el presente metaanalisis revisa-
ron muestras tanto de adultos jovenes como de adultos mayores
y nifos. Asimismo, el rango de IMC fue amplio, desde el bajo
peso al normopeso, el sobrepeso vy la obesidad. Por dltimo, la
heterogeneidad presente entre los estudios sugiere que el efecto
de la manipulacion de la velocidad al comer sobre la ingesta de
alimentos o energia depende de la técnica o estrategia utilizada,
aunque es posible que la consistencia individual de la velocidad
al comer de cada sujeto influya sobre esto. Por ello es pertinente
realizar mas investigaciones sobre el tema para determinar la
causa de esta variabilidad.

CONCLUSION

Los estudios publicados acerca de las técnicas y estrategias
de modificacion de la velocidad al comer y su efecto sobre la
ingesta de alimentos o energia han sido variados con respecto
a caracteristicas de la poblacion tales como el sexo, la edad y el
pais de origen, y también en lo referente al tamafio de la muestra
y el IMC. Asimismo, se han utilizado diversos métodos para mani-
pular la velocidad al comer, enfocandose estos principalmente
en las propiedades sensoriales y nutricionales de los alimentos
y el ambiente alimentario. Adicionalmente, los estudios observa-
cionales han categorizado la velocidad al comer por medio de
cuestionarios autoadministrados y se ha evaluado la ingesta con
cuestionarios dietéticos, si bien la evidencia aln es limitada y es
necesario realizar mas investigaciones referentes a este tema con
un mayor nimero de participantes y metodologias mas homogé-
neas. La presente revision sistematica y metaanalisis confirma la
premisa de que comer de modo lento es un factor de proteccion
frente a la ingesta excesiva de alimentos y de energia. Asimismo,
cumplié su objetivo principal al proporcionar técnicas y estrategias
de intervencion nutricional-conductual, eficaces para disminuir la
velocidad al comer y la ingesta de alimentos o energia, que pue-
den ser Utiles en el tratamiento o la prevencion de enfermedades
como el sobrepeso o la obesidad.
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Resumen

Introduccion: actualmente existe una gran preocupacion relacionada con el contenido de azlcares de los alimentos y bebidas ya que un
CONSUMO excesivo se asocia con una mayor prevalencia de enfermedades cronicas no transmisibles. Ademas, hay una gran confusion tanto
en los datos cientificos publicados como en las informaciones que aparecen en los medios de comunicacion sobre diversos conceptos tales
como azucares libres, azlicares intrinsecos o endogenos y azlicares afiadidos a los alimentos, asi como sobre el tipo de monosacéridos y
disacéridos que forman parte de ellos. El término azlicares libres se refiere a aspectos de salud publica mientras que el de azlicares afadi-
dos se relaciona con la informacion nutricional incluida en el etiquetado regulado en el Reglamento 1169/2011, aplicable a la informacion
alimentaria facilitada al consumidor.

Material y métodos: andlisis de la legislacion vigente en la Union Europea y en Espafia, asi como en Estados Unidos y México, junto con los
posicionamientos de la Organizacion Mundial de la Salud (OMS), la European Food Safety Authority (EFSA) y la Agencia Espafiola de Seguridad
Alimentaria y Nutricion (AESAN), asi como de sus comités cientificos sobre la definicion y declaracion de azlcares totales, azcares libres y
azlicares afiadidos.

Resultados: los azlicares afiadidos se declaran en el etiquetado en paises como en Estados Unidos y México. En el caso de Estados Unidos hay
una propuesta de modificacion del porcentaje que deben contribuir a la dieta, pasando del 10 % al 6 %. En el caso de la Unién Europea solo esta
establecida la ingesta de referencia para los hidratos de carbono: 45-65 %, al igual que ya lo ha hecho el Comité Cientifico de la AESAN. Solo en
el caso del estudio ANIBES hay un dato aproximado del consumo de azlicares afiadidos para la poblacion espafiola: un 7,3 %.

Palabras clave: Conclusiones: se deben establecer ingestas de referencia para los azlicares afiadidos y hacer que se declaren en la informacion del etiquetado

Azdcares. Aziicares de los productos alimenticios, para poder trabajar con datos fidedignos en las tablas de composicion de alimentos, conocer la ingesta real por
libres. Azlicares parte de la poblacion espafiola, y asi implementar medidas de salud publica que permitan reducir la ingesta de los mismos en todos los productos
anadidos. Etiquetado. alimenticios que los contengan.
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Abstract

Introduction: there is currently great concern about the sugar content of food and beverages as excessive consumption is associated with a higher
prevalence of chronic non-communicable diseases. In addition, there is a great deal of confusion both in published scientific data and in media
reports about various concepts such as free sugars, intrinsic or endogenous sugars, and sugars added to food, as well as the type of monosaccha-
rides and disaccharides that are part of them. The term “free sugars” refers to public health aspects whereas the term “added sugars” relates to
the nutritional information included in the labelling covered by Regulation 1169/2011 as applicable to food information provided to the consumer.

Material and methods: an analysis of the legislation in force in the European Union and Spain, as well as in the United States and Mexico, together
with the position statements of the World Health Organization (WHO), the European Food Safety Authority (EFSA), and the Spanish Agency for Food
Safety and Nutrition (AESAN), as well as their Scientific Committees on the definition and declaration of total sugars, free sugars, and added sugars.

Results: added sugars are declared on the label in countries such as the United States and Mexico. In the case of the United States, there is a
proposal to modify the percentage they should contribute to the diet from 10 % to 6 %. In the case of the European Union, only the reference
intake for carbohydrates is established: 45-65 %, as has already been done by the Scientific Committee of AESAN. Only in the case of the ANIBES
study is there an approximate figure for the consumption of added sugars by the Spanish population: 7.3 %.

Gonclusions: reference intakes for added sugars should be established and declared in the information provided on food product labels in order
to work with reliable data in the food composition tables, and to assess their real intake by the Spanish population, and thus implement public

Labelling. health measures to reduce their intake in all food products containing them.

INTRODUCCION Y JUSTIFICACION

El consumo excesivo de azdcares, tanto por la poblacion infan-
til como por la adulta, se relaciona con una mayor prevalencia de
algunas enfermedades cronicas no transmisibles (ECNT), espe-
cialmente el sobrepeso y la obesidad, el sindrome metabdlico,
la diabetes de tipo 2 y las enfermedades cardiovasculares (1).
Esto ha motivado que numerosas agencias y autoridades de
seguridad alimentaria y nutricion de todo el mundo establezcan
recomendaciones para limitar su consumo (2-6). Existen un gran
numero de términos utilizados para describir los aztcares de
los alimentos y sus componentes: azdcar o azlicares, azlicares
totales, azlicares totales disponibles, azlicares libres, azlicares
afadidos, azlcar(es) refinado(s), aztcares simples, azucar dis-
crecional, azlicares intrinsecos, azlicares extrinsecos y azlcares
extrinsecos no lacteos (7).

La existencia de estos numerosos términos y su uso en dife-
rentes paises ha dado lugar a una amplia literatura sobre inges-
tas de azlcares que limita las comparaciones entre diferentes
naciones y el andlisis de las tendencias a lo largo del tiempo. Del
mismo modo, las posibilidades de comparar las ingestas con las
recomendaciones y de establecer vinculos entre la ingesta y los
factores de riesgo de las ECNT son, en consecuencia, limitadas.

Las definiciones y recomendaciones en las guias alimentarias
de los paises desarrollados para los azlicares, y en particular
para los aztcares libres y los azlicares anadidos de los alimen-
tos, varian ostensiblemente. En cualquier caso, la variabilidad es
mayor en la terminologia que se refiere a las definiciones que la
relacionada con las recomendaciones de ingesta. Por otro lado,
sorprendentemente, son hasta el momento muy pocos los Estados
que han regulado la obligatoriedad de declarar en el etiquetado
los azlcares anadidos. Estados Unidos de América (2) y Méxi-
co (3) tienen definidos los azlcares anadidos y contemplan la
obligatoriedad de incorporarlos en el etiquetado de los productos
alimenticios en el apartado de hidratos de carbono, a continuacion
de los azlcares totales (2,3).

Con estos antecedentes, el objetivo del presente documento
es establecer un posicionamiento actualizado sobre la definicion

de azicares anadidos y establecer las bases para su declaracion
en el etiquetado de productos alimenticios aplicable al territorio
espaiiol.

RECOMENDACIONES NACIONALES
E INTERNACIONALES SOBRE LA INGESTA
DE AZUCARES

En general, todos los paises, bien directamente a través de su
legislacion alimentaria, o bien a través de los alimentos y bebidas,
recomiendan la reduccion del consumo de azlicares, aunque solo
algunos establecen cantidades o limites de cantidad en la ingesta
diaria recomendada (4).

La Organizacion Mundial de la Salud (OMS) en el afio 2003
establecid, dentro del Informe Técnico sobre Dieta, Nutricion y
Enfermedades Cronicas, 10s objetivos de ingesta de nutrientes para
la poblacion en forma de porcentaje sobre la cantidad de energia
total (6). En el caso de los azdcares, los fijo en funcion de la canti-
dad méxima diaria de “azlicares libres”, definidos como “azlicares
anadidos a alimentos y bebidas por el fabricante, el cocinero o el
consumidor, mas los azlicares naturalmente presentes en la miel,
los jarabes (siropes) y los zumos de frutas”, excluida la lactosa
naturalmente presente en la leche y en los productos lacteos.
Dicho objetivo establece un limite maximo del 10 % de la energia
total proveniente del aporte diario de la dieta. Si se considerara
una ingesta diaria de 2.000 kilocalorias, seria equivalente a 50 g
de azlcares libres/persona/dia (segun la definicion de la OMS)
(6). Esta recomendacion, determinada como “firme”, fue ratificada
por la propia OMS en el aflo 2015 con la misma denominacion
de “azlicares libres”. En este caso, ademas, se incluye una “reco-
mendacion condicional”, fijada en una cantidad inferior al 5 % de
la energia proveniente de los azlcares libres, lo que supondria
para una dieta de 2.000 kilocalorias unos 25 g/persona/dia (8).

En el caso de los Estados Unidos de América, en las guias
alimentarias de 2015-2020 propuestas por el U.S. Department
of Health and Human Servicesy el U.S. Department of Agricultu-
re (USDA), se incluyen diferentes limitaciones para conseguir un
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DE LOS PRODUCTOS ALIMENTICIOS EN ESPANA

patrén de alimentacion saludable, siendo una de ellas la canti-
dad de azlicares afiadidos. Estos componentes son de particu-
lar preocupacion para la salud publica en este pais y los limites
especificados pueden ayudar a las personas a lograr patrones de
alimentacion saludable sin desviarse de los limites energéticos.
En ese sentido, se recomienda consumir menos de un 10 % de
calorias diarias provenientes de azticares afiadidos (2). Posterior-
mente, en el afio 2018, la Food and Drug Administration (FDA)
aprobd la incorporacion obligatoria en el etiquetado de la decla-
racion de los azlcares afiadidos, como un apartado incluido en la
informacion nutricional sobre la cantidad de hidratos de carbono,
a continuacion del punto de azlcares totales, como se puede
comprobar comparando una etiqueta anterior con una posterior
al aio 2018 (9-12) (Fig. 1).

Al mismo tiempo, contempla la definicion de aziicares afiadi-
dos: “incluyen azlicares que se agregan durante el procesamien-
to de los alimentos (como la sacarosa o la dextrosa), alimentos
envasados como endulzantes (como el azlicar de mesa), azicares
de siropes y miel, y azlicares de zumos de concentrados de fru-
tas o verduras” (9-12). Estos no incluyen los azlicares naturales
que se encuentran en la leche, las frutas y las verduras. El valor
maximo diario para los aztcares afiadidos es de 50 gramos por
dia, basado en una dieta de 2.000 kilocalorias diarias.

En el mes de julio de 2020, el U.S. Department of Health and
Human Servicesy el U.S. Department of Agriculture han aprobado
un primer borrador de las guias alimentarias de 2020-2025 para
la poblacion estadounidense (13), y al igual que las vigentes para
el periodo 2015-2020 (9), la importancia del tipo de azlcares

Comparacion paralela

Etiqueta Original

Nueva Etiqueta

Nutrition Facts

Serving Size 2/3 cup (559)
Servings Per Container 8

Amount Per Serving

Calories 230 Calories from Fat 70

% Daily Value*

Total Fat 8g 12%
Saturated Fat 1g 5%
Trans Fat Og

Cholesterol Omg 0%

Sodium 160mg 7%

Total Carbohydrate 37g 12%
Dietary Fiber 4g 16%
Sugars 12g

Protein 3g

1

Vitamin A 10%

Vitamin C 8%

Calcium 20%

Iron 45%

* Percent Daily Values are based on a 2,000 calorie diet.
Your Daily Value may be higher or lower depending on
your calorie needs.

Calories: 2,000 2,500
Total Fat Lessthan 65g 80g
Sat Fat Lessthan  20g 259
Cholesterol Less than  300mg 300mg
Sodium Lessthan 2,400mg  2,400mg
Total Carbohydrate 300g 3759
Dietary Fiber 25g 30g

Nutrition Facts

8 servings per container

Serving size 2/3 cup (559)
|
Amount per serving

Calories 230
% Daily Value*
Total Fat 8g 10%
Saturated Fat 1g 5%
Trans Fat Og
Cholesterol 0Omg 0%
Sodium 160mg 7%
Total Carbohydrate 37g 13%
Dietary Fiber 4g 14%

Total Sugars 129
Includes 10g Added Sugars 20%

Protein 3g

I
Vitamin D 2mcg 10%
Calcium 260mg 20%
Iron 8mg 45%
Potassium 240mg 6%

* The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes to a daily diet. 2,000 calories
aday is used for general nutrition advice.

Figura 1.

Evolucion de la etiqueta de productos alimenticios en Estados Unidos de América, incorporando los azlcares

afadidos (2).
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recae en los azlicares afiadidos, pues son sobre 10s que se puede
actuar para reducir claramente su ingesta.

Ademas, se incluye la definicion y nueva recomendacion de
ingesta diaria de azucares afiadidos. Asi, recoge que los “azicares
afiadidos” son los azlicares que se afiaden durante el procesado
de productos alimenticios (tales como la sacarosa o dextrosa),
azucar envasado o de mesa (terrones o sobres de azdcar), azl-
cares de jarabes y miel y aztcares de zumos de concentrados
de frutas o verduras (13). No incluyen los azlcares que estan
presentes de forma natural en leche y lacteos, frutas y verduras
(13). La recomendacion de la cantidad méxima de ingesta diaria
en este primer borrador la USDA la rebajaba a un 6% de la ingesta
total de energia, que para una dieta de 2.000 kilocalorias, serian
30 gramos de azlicares afiadidos (13).

Las Dietary Guidelines for Americans las ha aprobado definiti-
vamente la USDA en el mes de diciembre de 2020, manteniendo
una recomendacion de una ingesta de azlcares afiadidos por
debajo del 10 % de las kilocalorias, lo que implica que en el
etiquetado para los productos alimenticos en USA se mantenga el
10 % como ingesta de referencia para los azlicares afiadidos para
una dieta de 2.000 kcal, lo que supone una cantidad de 50 g (14).

Otro ejemplo, relacionado con las definiciones de los azucares,
de reciente aprobacion, publicacidn y entrada en vigor de la nor-
mativa que lo contempla, es el caso de México. Con fecha de 27 de
marzo de 2020, la Secretaria de Economia, la Secretaria de Salud
y la Comision Federal para la proteccion de riesgos sanitarios, a
través de la modificacion de la Norma Oficial Mexicana NOM-051-
SCI/SSA1-2010, sobre especificaciones generales de etiquetado
para alimentos y bebidas no alcohdlicas, preenvasados, informa-
cion comercial y sanitaria, publicada el 5 de abril de 2010, han
recogido en la modificacion de la norma de etiquetado la definicion
de azlcares afadidos: “aztcares libres agregados a los alimentos
y a las bebidas no alcohdlicas durante la elaboracion industrial”.

Para el caso de los azUcares libres se propone: “monosacari-
dos y disacaridos disponibles afiadidos a los alimentos y a las
bebidas no alcoholicas por el fabricante, mas los azdcares que
estan presentes naturalmente en miel, siropes y zumos de frutas
u hortalizas” (3). En la misma norma recoge que en el etiquetado,
en la informacion nutricional, se reflejara la cantidad de hidratos
de carbono disponibles, indicando la cantidad correspondiente de
azlicares totales y azdcares afiadidos (3).

En el afio 2009, a peticion de la Comision Europea, el panel
de productos dietéticos, nutricion y alergias de la Autoridad Euro-
pea de Seguridad Alimentaria (“European Food Safety Authori-
ty", EFSA) publicd un dictamen cientifico sobre el limite de la
ingesta de azlicares totales para aspectos relacionados con el
etiquetado, y establece una ingesta de referencia diaria de 90 ¢
de azlcares totales, referida a la informacion nutricional en el
etiquetado de productos alimenticios, lo que corresponderia a
una cantidad del 18 % de las calorias proveniente de azlcares
en una dieta de 8.400 kJ o 2.000 kcal/dia. La propuesta se
aprob0 a partir de un valor medio dentro de un rango de ingesta
de azlicares totales para los paises de la Union Europea, situado
en el 17-26 % de la ingesta total energética (5). En este caso, la
cantidad de azUcares totales incluye los denominados azdcares

A. Gil et al.

intrinsecos (naturalmente presentes en alimentos y bebidas tales
como frutas, vegetales, cereales, leche y productos lacteos) y
los aztcares afadidos. Segun recoge el mismo dictamen cien-
tifico publicado, el limite de la ingesta de azlcares afiadidos,
para diferentes autoridades a nivel mundial, es del 10 %, aunque
hay otras que indican que la ingesta de aztcares afiadidos o de
ciertos alimentos con azlcares afiadidos debe limitarse, si bien
no establecen un limite maximo recomendado (5).

En el caso de la Unidn Europea, en el afio 2010 se estable-
cen por primera vez, junto con otros nutrientes, las ingestas de
referencia (porcentaje respecto a la energia total) de hidratos de
carbono y fibra dietética: en el primer caso, un 45-60 %; sin
embargo, por la alta frecuencia de la ingesta de azlicar contenida
en alimentos y bebidas y su potencial de incrementar el riesgo de
caries dental, se indica que habria que recomendar la reduccion
del consumo de azticar, aunque en ese momento no habia datos
suficientes para establecer un limite maximo para la ingesta de
azlicares, en concreto de los afiadidos (15).

La EFSA, para los denominados aztcares libres, aprob6 una
declaracion institucional, como base del protocolo para la elabo-
racion de un dictamen cientifico, con el fin de establecer el nivel
superior tolerable de la ingesta dietética de aztcares, incluyendo
en la definicion de azlicares libres la lactosa y la galactosa, ade-
mas del resto de monosacaridos y disacaridos ya contemplados
en otras definiciones de azlcares libres (16). Esta situacion se
darfa en las leches, los productos lacteos y las leches fermentadas
que contienen lactosa, y también en aquellas leches, produc-
tos lacteos y leches fermentadas en los que la lactosa, bien por
accion de la lactasa o bien por accion de microorganismos, ha
sido hidrolizada y que contienen tanto glucosa como galactosa.
También hay que sefialar que, en las mermeladas y confituras, el
procesamiento de las frutas hace que se liberen los disacaridos
y monosacaridos presentes en las mismas y que no estén unidos
0 presentes en estructuras celulares, por lo que la sacarosa, la
glucosa y la fructosa se comportarian como aztcares libres.

Finalmente, para la EFSA, en el afio 2010, en el dictamen cien-
tifico sobre valores de ingesta dietética de referencia para hidratos
de carbono y fibra alimentaria, se recoge que “azlicares afiadidos”
es el término que describe a “la sacarosa, la fructosa, la glucosa, los
hidrolizados de almiddn (sirope de glucosa, sirope alto en fructosa) y
otros azlicares aislados usados en preparaciones o afiadidos duran-
te el procesado y la preparacion de productos alimenticios” (15).

Recientemente, Amoutzopoulos y cols. (2020) han establecido
que habria que fijar las definiciones de azlcares, azlicares afa-
didos y azlicares libres para su utilizacion en las guias dietéticas
del Reino Unido, basandose en las definiciones establecidas por
la EFSA, la OMS vy el Scientific Advisory Committee on Nutrition
(SCAN) del Reino Unido (17). Segun sus resultados, concluyen
que las diferencias entre las ingestas de azlcares afadidos y de
azucares libres son grandes, y que por este motivo, el uso de las
definiciones de cada uno de los dos grupos necesita tenerse en
consideracion para poder monitorizar la ingesta de aztcar y su
relacion con la salud publica (17).

En el caso del Comité Cientifico de la Agencia Espafiola de
Seguridad Alimentaria y Nutricion (AESAN), en el afio 2014, la
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definicion de azlcares libres contempla la establecida en el afio
2003 por la OMS, incluida en el informe sobre objetivos y reco-
mendaciones nutricionales y de actividad fisica frente a la obesi-
dad en la estrategia NAOS del afio 2014 (18). En el caso de los
azlcares afadidos, el Comité Cientifico de la AESAN indica, en
este mismo informe, que “tomados de forma separada o utilizados
como ingredientes en los alimentos procesados o0 preparados
(por ejemplo, azticar blanco, azlicar moreno, azdcar no refinado,
siropes de maiz, sirope de malta, sirope de arce, edulcorantes
de fructosa, fructosa liquida, miel, melazas, dextrosa anhidrida
y dextrosa cristalizada). Puede contender oligosacaridos” (18).

El Comité Cientifico de la AESAN, en su informe de muy reciente
publicacion sobre la revision y actualizacion de las recomendacio-
nes dietéticas para la poblacion espafiola, recoge informacion y
datos sobre las guias alimentarias de los Estados Unidos de Amé-
rica, China, Finlandia, Noruega, Suecia, Reino Unido, Alemania,
Paises Bajos, Francia, Portugal y Espaia, en las que la variabilidad
de las definiciones y recomendaciones es patente para el azicar,
los azlicares totales, los azlicares afiadidos y los aztcares libres
(4). En este informe se ha incluido como recomendacion un con-
sumo de azdcar libre inferior al 10 % de la ingesta caldrica total
como objetivo para conseguir una dieta saludable. Para obtener
mayores beneficios se recomienda reducir su consumo a menos
del 5 % de la ingesta calérica total (4). Quizas en este caso seria
conveniente unificar las recomendaciones para el consumidor,
que deben realizarse a partir de mensajes simples y directos
sobre la cantidad expresada en gramos, y para el profesional
de la salud, donde las informaciones deben establecerse en los
porcentajes del aporte sobre la dieta, partiendo del célculo indi-
vidualizado de las necesidades de cada persona.

El Comité Cientifico de la AESAN incluye en las conclusiones
unas recomendaciones para la poblacion espafiola dentro de las
cuales se indica, como una de ellas, que para los azlicares afa-
didos, como en el caso del azlcar, se establece una cantidad
inferior a 30 g/dia, evitando los alimentos con azicar afiadido.
También menciona que, ademas del seguimiento de las reco-
mendaciones dietéticas propuestas por dicho Comité Cientifico, se
asumen en parte las recomendaciones de la OMS y se recomien-
da que el consumo de aztcares libres sea inferior al 10 % de la
ingesta caldrica total que forma parte de una dieta saludable. Para
obtener mayores beneficios se recomienda reducir su consumo
a menos del 5 % de la ingesta calorica total (4). La unificacion
de los mensajes puede suponer una accion positiva de salud
publica, como ha ocurrido con la adopcion de la declaracion de
la sal, en vez de sodio, a partir de la aprobacion del Reglamento
1169/2011, ya que el dirigir un tnico contenido de mensaje al
consumidor, ha dado lugar a la sensibilizacion sobre la sal, lo que
ha conllevado una reducion del consumo de sodio, cuya ingesta
excesiva tiene probados efectos negativos sobre la salud (19).

De acuerdo con los resultados recopilados a partir de los esca-
s0s estudios disponibles y con metodologia suficientemente vali-
da para poder valorar cual seria la recomendacion del rango de
ingesta de azucares afiadidos mas adecuada para la poblacion
espafola, este puede oscilar entre el 10 %, que hasta ahora es
el valor mas comun usado en los paises que han incorporado la
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recomendacion de ingesta dietética, y el 7 %, que es el obtenido
en el afio 2017 en el estudio cientifico ANIBES, una encuesta
dietética con representatividad de todo el territorio nacional y para
la poblacion de entre 9y 75 afios (20). Sin embargo, siempre que
fuese posible, seria muy conveniente establecer recomendaciones
de consumo maximo de acuerdo con los distintos grupos de edad
y situaciones fisioldgicas, ya que los efectos sobre la salud pueden
diferir de forma muy marcada.

En cuanto a las ingestas de referencia para la poblacion espa-
fola referentes a hidratos de carbono, en el afio 2019 el Comité
Cientifico de la AESAN (21) adoptd las mismas que previamente
habia aprobado la EFSA para la poblacion de la Unién Europea
(15), siendo estas del 45-60 % de las calorias de la dieta total.

Por dltimo, en el plan de mejora de la AESAN, la industria ali-
mentaria consensud y aprobd en el afio 2017, bajo la estrategia
NAOS, una accion coordinada para la reduccion de azlcares,
implementada sobre los azlicares afiadidos. Por este motivo, y
para planes futuros, seria imprescindible tener la informacion de
los mismos en el etiquetado de los productos alimenticios, para
que los calculos sean lo mas fidedignos posibles, tanto sobre
la cantidad presente en los alimentos y bebidas, como sobre la
reduccion de los azdcares afiadidos en los mismos (22).

CONCLUSIONES Y RECOMENDACIONES

— Para los aztcares totales, se propone que la definicion debe-
ria establecerse como la suma de los azticares naturalmente
presentes mas los azlcares afiadidos en los alimentos y
bebidas.

— En el caso de los azdcares naturalmente presentes, estos
serfan aquellos disacaridos y monosacaridos que forman
parte intrinseca de los alimentos y bebidas.

— Enrelacion con la definicion de azicares anadidos, se pro-
pone: todos los monosacaridos y disacaridos afiadidos a los
productos alimenticios en sus procesos de elaboracion y
preparacion culinaria, que aparecen reflejados en el listado
de ingredientes. Su cantidad total deberd estar indicada en
la informacion nutricional, en el apartado de hidratos de
carbono, a continuacion del punto “de los cuales azticares”,
quedando estructurada dicha informacion de la forma que
se refleja en la tabla 1.

— Resulta necesario y urgente poder unificar el criterio de la
utilizacion como ingrediente e informacion nutricional de los
azlicares anadidos.

— Se propone incluir la declaracion de azdcares afiadidos en
la informacion nutricional del etiquetado de los productos
alimenticios no solo para conocer su cantidad, sino como
herramienta valida para los célculos reales de ingesta en la
poblacion espafiola.

— Se propone establecer recomendaciones de ingesta diaria
méaxima de azlcares afiadidos en las guias alimentarias
para la poblacion espafiola, asi como fortalecer los progra-
mas de reformulacion de los productos alimenticios para
reducir el contenido de azlcares afiadidos y ayudar a las
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politicas y estrategias de reduccion y prevencion del sobre-
peso y la obesidad.

La declaracion de los azticares afiadidos en la informacion
nutricional del etiquetado de los productos alimenticios
servird al consumidor para conocer la cantidad presente
en los alimentos y bebidas, y asi poder tomar decisiones
de compra adecuada y responsable, maxime en los grupos

A. Gil et al.

de riesgo y en las poblaciones en que se lleven a cabo
actuaciones preventivas de control y reduccion del peso.
De acuerdo con la cantidad de azlicares afadidos presen-
tes en alimentos y bebidas, se propone establecer iconos
que realicen llamadas de atencion, bajo criterios de limites
adecuados, para conocer si un producto alimenticio tiene
un contenido bajo, medio o alto de azlicares afadidos.

Tabla I. Informacidén nutricional para los azucares y azlUcares anadidos por 100 g/100 ml

Hidratos de carbono X(9)
de los cuales azicares X(9)
de los cuales azlcares afadidos X(9)

Y %IR. IR= [225 g-300 g (45-60 %)]
Y %IR. IR=[90 g (18 %)]
Y %IR. IR= [35 ¢ (7 %)]

IR:

Ingesta de Referencia Diaria para un adulto medio (8.400 kJ/2.000 kcal).
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Departamento de Ciencias Biomédicas.

Facultad de Medicina. Universidad de Extremadura.

Pedro Manonelles Marqueta

Médico Especialista en Medicina de la Educacion
Fisica y el Deporte.

Catedratico Extraordinario en Medicina del Deporte.
Universidad Catolica San Antonio de Murcia (UCAM).
Presidente de la Sociedad Espafiola de Medicina del
Deporte (SEMED).

Ascension Marcos Sanchez
Profesora de Investigacion.
Consejo Superior de Investigaciones Cientificas.
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69.

70.

7.

72.

73.

74.

75.

Presidenta de la International Society for
Immunonutrition.

Abel Mariné Font

Catedratico emérito jubilado de Nutricion y
Bromatologia.

Campus de la Alimentacion.

Facultad de Farmacia y Ciencias de la Alimentacion.
Universitat de Barcelona.

Maria Dolores Marrodan Serrano

Directora del Grupo de Investigacion EPINUT-UCM.
Facultad de Medicina. Universidad Complutense de
Madrid.

Vicepresidenta de la Sociedad de Dietética y Ciencias
de la Alimentacion.

Vicepresidenta de la Sociedad Internacional de
Antropometria Aplicada al Deporte y la Salud.

Carmen Martin Salinas

Profesora. Departamento de Enfermeria.
Facultad de Medicina. Universidad Auténoma de
Madrid.

Presidenta de la Asociacion de Enfermeras de
Nutricion y Dietética.

Pilar Martin Escudero

PDI. Escuela de Medicina del Deporte.

Facultad de Medicina. Universidad Complutense de
Madrid.

Olga Martinez Augustin

Catedratica de Bioquimica y Biologia Molecular.
Departamento de Bioguimica y Biologia Molecular II.
CIBERehd.

Instituto de Nutricion y Tecnologia de los Alimentos
“José Matiax”.

Instituto Biosanitario de Granada.

Universidad de Granada.

Rosa Maria Martinez Garcia

Profesora Doctora de Fisiologia Humana.

Facultad de Enfermeria. Universidad de Castilla-La
Mancha.

Profesora de Nutricion en Programa de Mayores “José
Saramago” y Coordinadora de Universidad.

Saludable del Campus de Cuenca. Universidad de
Castilla-La Mancha.

Emilio Martinez de Victoria Muiioz
Catedratico de Fisiologia.

Instituto de Nutricion y Tecnologia de Alimentos
(INYTA).

76.

77.

78.

79.

80.

81.

82.

Universidad de Granada.
Expresidente del Comité Cientifico de AESAN/
AECOSAN.

Elena Martinez Sanz

Profesora Contratado Doctor.

Departamento de Anatomia y Embriologia.

Facultad de Medicina. Universidad Complutense de
Madrid.

Milagros Mateos Otero

Profesora Titular de Tecnologia de los Alimentos.
Facultad de Veterinaria. Universidad CEU-Cardenal
Herrera Oria de Valencia.

Inmaculada Mateos-Aparicio Gediel

Profesora Contratado Doctor.

Departamento de Nutricion y Ciencia de los Alimentos.
Facultad de Farmacia. Universidad Complutense de
Madrid.

Pilar Matia Martin

Doctora en Medicina.

Especialista en Endocrinologia y Nutricion. Hospital
Clinico San Carlos de Madrid.

Profesora Asociada en Ciencias de la Salud.
Universidad Complutense de Madrid.

Maria Dolores Mesa Garcia

Profesora Titular de Universidad del Departamento de
Bioquimica y Biologia Molecular .

Facultad de Farmacia.

Red de Salud Materno Infantil y del Desarrollo Ill.
Instituto de Nutricion y Tecnologia de los Alimentos
“José Mataix” (INYTA).

Centro de Investigacion Biomédica.

Universidad de Granada.

Guillermo Molina Recio

Profesor Contratado Doctor en Nutricidn y Dietética.
Departamento de Enfermeria, Farmacologia y
Fisioterapia.

Universidad de Cordoba.

Investigador responsable del grupo de Estilos de
Vida, Innovacion y Salud. Instituto Maimdnides de
Investigacion Biomédica de Cordoba (IMIBIC).

Susana Monereo Mejias

Jefe de Servicio de Endocrinologia y Nutricion.
Hospital General Universitario Gregorio Marafon.
Secretaria General de la Sociedad Espafiola para el
Estudio de la Obesidad (SEEDO).

[Nutr Hosp 2021;38(3):645-660]



656

A. Gil et al.

83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

Ana Montero Bravo

Profesora Titular de Nutricion y Bromatologia.

Dpto. Ciencias Farmacéuticas y de la Salud.

Facultad de Farmacia. Universidad San Pablo CEU de
Madrid.

Luis A. Moreno Aznar
Catedratico de Universidad.
Universidad de Zaragoza.

Carlos Moreno Pascual

Profesor Departamento Enfermeria y Fisioterapia.
Servicio de Medicina y Fisioterapia del Deporte.
Clinica FISIOENUSAL.

Universidad de Salamanca.

Rafael Moreno Rojas

Catedratico de Nutricion y Bromatologia.
Universidad de Cordoba.

Director de la Catedra de Gastronomia de Andalucia.

José Manuel Moreno Villares

Director del Departamento de Pediatria.

Clinica Universidad de Navarra.

Coordinador del Comité de Nutricion de la Asociacion
Espafiola de Pediatria (AEP).

Juana Maria Morillas Ruiz

Departamento de Nutricion y Tecnologia de la
Alimentacion.

Facultad de Ciencias de la Salud.
Universidad Catdlica San Antonio de Murcia.

Beatriz Navia Lomban

Profesora Titular del Departamento de Nutricion y
Ciencia de los Alimentos.

Facultad de Farmacia. Universidad Complutense de
Madrid.

Maria Teresa Nestares Pleguezuelo

Profesora Titular.

Departamento de Fisiologia.

Instituto de Nutricion y Bromatologia de los Alimentos
“José Mataix” (INYTA).

Centro de Investigacion Biomédica (CIBM).
Universidad de Granada.

Begoiia Olmedilla Alonso
Investigadora Cientifica.
Consejo Superior de Investigaciones Cientificas.

Dolores del Olmo Garcia

Facultativo Especialista de Endocrinologia y Nutricion.
Hospital Universitaria Severo Ochoa de Leganés.
Madrid.

93.

94.

95.

96.

97.

98.

99.

100.

Gabriel Olveira Fuster

Jefe de Seccion de Endocrinologia y Nutricion.
Hospital Regional Universitario de Malaga.
Profesor Titular.

Universidad de Malaga.

Instituto de Investigacion Biomédica de Malaga.

Francisco Javier Ordéiiez

Catedratico de Anatomia y Embriologia Humana.
Director de la Escuela de Medicina del Deporte.
Universidad de Cadiz.

Rosa Maria Ortega Anta

Catedratica de Universidad.

Departamento de Nutricion y Ciencia de los Alimentos.
Facultad de Farmacia. Universidad Complutense de
Madrid.

Responsable del Grupo de Investigacion Consolidado
VALORNUT (920030): Valoracion Nutricional de
Individuos y Colectivos. Metodologia y Aplicaciones.

Nieves Palacios Gil de Antuiiano

Médico Especialista en Endocrinologia y Nutricion y en
Medicina de la Educacion Fisica y el Deporte.

Jefe Unidad de Medicina, Endocrinologia y Nutricion.
Centro de Medicina del Deporte.

Agencia Espariola de Proteccion de la Salud del
Deportista.

Samara Palma Milla

Doctor en Medicina, Especialista en Endocrinologia y
Nutricion.

Hospital Universitario La Paz. Madrid.

Profesora Asociada Universidad Auténoma de Madrid.

Andreu Palou

Catedratico de Bioquimica y Biologia Molecular.
Director del Laboratorio de Biologia Molecular,
Nutricion y Biotecnologia.

Universidad de las Islas Baleares. (UIB) y CIBER
Fisiopatologia de la Obesidad y Nutricion (CIBEROBN).

Teresa Partearroyo Cediel

Profesora Titular de Nutricion y Bromatologia.
Departamento de Ciencias Farmacéuticas y de la
Salud.

Facultad de Farmacia. Universidad San Pablo CEU de
Madrid.

Ménica Pascual Arce

Profesora de Fisiologia y Nutricion.

Departamento de Ciencias Biomédicas.

Facultad de Ciencias de la Salud. Universidad Cardenal
Herrera-CEU (UCH-CEU) de Valencia.
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101.

102.

103.

104.

105.

106.

107.

108.

109.

Rosario Pastor Martin

Doctora en Nutricion.

Coordinadora del Grado en Nutricion Humana y
Dietética.

Universidad Catdlica de Avila.

Consuelo Pedron Giner

Doctora en Medicina, Especialista en Pediatria.
Seccion de Gastroenterologia y Nutricion Pediatrica.
Hospital Infantil Universitario Nifio Jests de Madrid.

Dolores Pérez Gabrejas

Licenciada y Doctora en Veterinaria.

Catedratica del Area de Tecnologia de los Alimentos.
Universidad de Zaragoza.

Lourdes Pérez-Olleros Gonde

Profesora Titular de Universidad.

Departamento de Nutricion y Ciencia de los Alimentos.
Facultad de Farmacia. Universidad Complutense de
Madrid.

Carmen Pérez Rodrigo

Profesora de Fisiologia Médica.

Departamento de Fisiologia.

Facultad de Medicina y Enfermeria.

Euskal Herriko Unibertsitatea/Universidad del Pais
Vasco.

Presidenta Sociedad Espafiola de Nutricion
Comunitaria (SENC).

Begoiia Pérez Villarreal
Directora EIT Food CLC South. Madrid.

M.? Jestis Periago Caston

Catedratica de Nutricion y Bromatologia.

Profesora de Higiene, Inspeccion y Control Alimentario,
y Seguridad Alimentaria.

Departamento de Tecnologia de los Alimentos,
Nutricion y Bromatologia.

Faculta de Veterinaria. Universidad de Murcia.

Catalina Pico Segura

Catedratica de Bioquimica y Biologia Molecular.
Laboratorio de Biologia Molecular, Nutricion y
Biotecnologia (Grupo de Nutrigendmica y Obesidad).
Universidad de las Islas Baleares.

Beatriz Pintos Lopez

Profesor Contratado Doctor.

Unidad Docente de Fisiologia Vegetal.

Departamento de Genética, Fisiologia y Microbiologia.
Facultad de Biologia. Universidad Complutense de
Madrid.

110.

111,

112

113.

114.

115.

116.

117.

118.

Julio Plaza-Diaz

Postdoctoral Researcher.

Children’s Hospital of Easterm Ontario Researcrh
Institute de Otawa. Canada.

Francisco José Pomares Gomez
Endocrinologia y Nutricion.

Hospital Universitario Sant Joan d’Alacant.
Coordinador del Plan para la Asistencia Integral al
Paciente Diabético en la Comunidad Valenciana.

Ana Maria Puga Giménez de Azcarate

Profesora Adjunta de Nutricion y Bromatologia.
Departamento de Ciencias Farmacéuticas y de la Salud.
Facultad de Farmacia. Universidad San Pablo CEU de
Madrid.

Mary Puy Portillo
Catedratica de Nutricion.
Universidad del Pais Vasco.

Daniel Ramon Vidal
Académico de Numero de la Real Academia de
Ingenieria de Espafa.

Guillermo Reglero Rada

Catedratico de Ciencias de la Alimentacion.
Universidad Autonoma de Madrid.

Director del Instituto IMDEA Alimentacion. Madrid.

Pilar Riobd Servan

Médico Especialista en Endocrinologia y Nutricion.
Jefe Asociado.

Hospital Fundacion Jiménez Diaz de Madrid.

Jestis Francisco Rodriguez Huertas

Catedrético de Fisiologia.

Director Instituto de Nutricion y Tecnologia de los
Alimentos.

Centro de Investigacion Biomédica.

Departamento de Fisiologia. Universidad de Granada.
Vocal de la Sociedad Espafiola de Ciencias Fisiologicas
(SECF).

Gerardo Rodriguez Martinez

Profesor Titular de Pediatria.

Universidad de Zaragoza (UNIZAR).

Master en Nutricion, Alimentacion y Dietoterapia en el
nifio y en el adolescente. UNIZAR.

Facultativo Especialista de Pediatria.

Hospital Clinico Universitario Lozano Blesa de
Zaragoza.

Grupo GENUD (Growth, Exercise, Nutrition and
Development), UNIZAR.
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119.

120.

121.

122.

123.

124.

125.

126.

127.

Bittor Rodriguez Rivera

Profesor Titular de Universidad.
Departamento de Farmacia y Ciencias de los
Alimentos.

Universidad del Pais Vasco/Euskal Herriko
Unibertsitatea UPV/EHU.

Gaspar Ros Berruezo
Catedratico de Nutricion y Bromatologia.
Universidad de Murcia.

Juan Miguel Ruiz Albusac

Profesor Titular de Bioguimica y Biologia Molecular.
Seccion de Medicina del Departamento de Biogquimica
y Biologia Molecular.

Universidad Complutense de Madrid.

Maria Dolores Ruiz Lopez

Catedratica de Nutricion y Bromatologia.
Facultad de Farmacia. Universidad de Granada.
Secretaria de la Fundacion Iberoamericana de la
Nutricion (FINUT).

Méonica Ruiz Pons

Profesor Asociado de Pediatria. Universidad La Laguna.
Jefe de seccion de Pediatria. Unidad de Nutricion y
Enfermedades Metabdlicas.

Hospital Universitario Ntra. Sra. de Candelaria. Tenerife.

Baltasar Ruiz-Rosso Calvo de Mora

Profesor Titular.

Departamento de Nutricion y Ciencia de los Alimentos.
Facultad de Farmacia. Universidad Complutense de
Madrid.

Maria del Mar Ruperto Lopez

Departamento de Ciencias Farmacéuticas y de la
Salud.

Facultad de Farmacia. Universidad San Pablo-CEU
Madrid.

Maria de Lourdes Samaniego-Vaesken

Profesora Adjunta.

Departamento Ciencias Farmacéuticas y de la Salud.
Grupo de Excelencia en Investigacion “Nutricion para la
Vida”.

Facultad de Farmacia. Universidad CEU San Pablo de
Madrid.

Francisco Sanchez Muniz

Profesor Emérito del Departamento de Nutricion y
Ciencia de los Alimentos.

Facultad de Farmacia de la Universidad Complutense.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Académico de Nimero de la Real Academia Nacional
de Farmacia.

Académico Corresponsal de la Real Academia de
Medicina y Cirugia de Valladolid.

Maria Teresa Sancho Ortiz
Catedratica de Nutricion y Bromatologia.
Universidad de Burgos.

Celestino Santos Buelga
Catedratico de Nutricion y Bromatologia.
Facultad de Farmacia. Universidad de Salamanca.

Javier Sanz-Valero

Area de Divulgacion en Investigacion y Servicios.
Escuela Nacional de Medicina del Trabajo.
Instituto de Salud Carlos Ill.

José Antonio Serra Rexach

Jefe del Servicio de Geriatria. Hospital General
Universitario Gregorio Marafion.

Profesor Titular de Medicina. Facultad de Medicina.
Universidad Complutense de Madrid.

Dolores Silvestre Castello

Profesora Titular de Nutricion y Bromatologia.
Departamento de Farmacia.

Facultad de Ciencias de la Slaud. Universidad Cardenal
Herrera-CEU de Valencia.

Dolores Suarez Ortega

Catedratica de Bioquimica y Biologia Molecular
jubilada de la Universidad de Granada.
Académico de Nimero de las Academia
Iberoamericana de Farmacia.

Académico de Numero de la Real Academia de
Ciencias Veterinarias de Andalucia Oriental.

Carlos de Teresa Galvan

Especialista en Medicina del Deporte.

Jefe de la Unidad de Medicina Funcional y del Deporte.
Hospital Quirdnsalud de Malaga.

Francisco A. Tomas Barberan

Profesor de Investigacion.

Centro de Edafologia y Biologia Aplicada del Segura.
Consejo Superior de Investigaciones Cientificas
CEBAS-CSIC.

Marilourdes de Torres Aured

Grado en Enfermeria.

Master en Dietética y Nutricion.

Delegada del Area de Nutricion del Consejo General de
Enfermeria.
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Secretaria General de la Unién Espariola de
Sociedades Cientificas de Enfermeria.
Responsable de Proyectos Nursing Now-Aragon.
Coordinadora del Comité Cientifico de AdENyD.

137. Ana M. Troncoso
Catedratica de Nutricion y Bromatologia.
Universidad de Sevilla.

138. Josep Antoni Tur Mari
Catedratico de Fisiologia.
Grupo de Investigacion en Nutricion Comunitaria y
Estrés Oxidativo (NUCOX).

Universidad de las Islas Baleares, IDISBA& CIBEROBN.

139. Natalia Ubeda Martin
Profesora Titular de Nutricion y Bromatologia.
Departamento de Ciencias Farmacéuticas y de la
Salud.
Facultad de Farmacia. Universidad CEU San Pablo de
Madrid.

140. Rafael Urrialde
Profesor Asociado de la Unidad Docente de
Fisiologia Vegetal.
Departamento de Genética, Fisiologia
y Microbiologia.
Facultad de Ciencias Bioldgicas. Universidad
Complutense de Madrid.
Profesor Colaborador Honorifico de Nutricion y
Dietética.
Facultad de Enfermeria. Universidad de Valladolid.
Presidente de la Comision Cientifica de la Sociedad
Espafiola de Medicina del Deporte.
Vocal Honorifico de Alimentacion del Consejo General
de Colegios Oficiales de Farmacéuticos.
Académico Correspondiente de la Academia Europea
de Doctores.

141.

142.

143.

144.

145.

Gregorio Varela-Moreiras

Catedratico de Nutricion y Bromatologia.

Director Departamento Ciencias Farmacéuticas y de la
Salud.

Responsable Grupo de Investigacion de Excelencia
“Nutricion para la Vida”.

Facultad de Farmacia. Universidad San Pablo CEU de
Madrid.

Presidente Fundacion Espafiola de la Nutricion (FEN).

Miguel del Valle Soto

Médico Especialista en Medicina del Deporte.
Catedratico de la Facultad de Medicina. Universidad de
Oviedo.

Cristina Velasco Gimeno

Licenciada en Ciencia y Tecnologia de los Alimentos.
Unidad de Nutricion Clinica y Dietética.

Hospital General Universitario Gregorio Marafion de
Madrid.

Carmen Vidal Carou

Catedratica de Nutricion y Bromatologia.

Directora del Campus de la Alimentacion de la
Universidad de Barcelona.

Presidenta del Comité Cientifico de la Agencia
Catalana de Seguridad Alimentaria.

Vicepresidenta de la Sociedad Espafola de Seguridad
Alimentaria.

Vicepresidenta de la Asociacion Catalana de Ciencias
de la Alimentacion.

Maria Dolores Yago Torregrosa

Profesora Titular de Fisiologia.

Departamento de Fisiologia. Facultad de Farmacia.
Instituto de Nutricion y Tecnologia de los Alimentos
“José Mataix” (INYTA).

Universidad de Granada.
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Abstract

Introduction: quality indicators have been proposed in Spain for assessing the various stages of clinical nutrition. However, reference standards
for these indicators (feasible and relevant) based on daily practice of artificial nutrition are not available.

Goals: the goal of this study was to propose quality indicators standards for their routine application to artificial nutrition in clinical practice.
Material and methods: a multicenter, cross-sectional study—based on a survey applied to health professionals in the field of clinical nutrition—

on the fulfilment of eight quality criteria was carried out during 2018 and 2019. The total number of processes and those that were correctly
accomplished were assessed and compared with the corresponding proposed theoretical standard.

Keywords: Results: fifteen centers were assessed. Of eight indicators assessed, five were within the theoretical standard (correct identification of parenteral
Quality indicators. nutrition bags, semi-upright position of patients on enteral nutrition, administration of micronutrients in ready-to-use parenteral nutrition bags,
Health care. checking placement of feeding tubes, and days with glycemia below 60 mg/dL). Two indicators were very close to the theoretical standard. One
Hﬁ?;‘gﬁﬁ:ﬁ;"ws- indicator, hyperglycemia in patients with parenteral nutrition, was far removed from its theoretical standard (15.7 % vs. 5 %).

Standards. pat?gm Conclusion: the administration of artificial nutrition in Spanish hospitals was performed with a high quality level. Therefore, standards based on
care team. daily clinical practice regarding artificial nutrition in Spain are proposed.

Resumen

Introduccion: en Espafia se han propuesto indicadores de calidad para evaluar las diversas etapas de la asistencia en nutricion clinica. Sin
embargo, no se encuentran disponibles estandares de referencia de estos indicadores (factibles y relevantes) basados en la practica diaria de
la nutricion artificial.

Objetivos: ofrecer estandares de indicadores de calidad para su aplicacion rutinaria en la préactica clinica de la nutricién artificial.

Material y métodos: estudio transversal multicéntrico, basado en una encuesta remitida a profesionales sanitarios del ambito de la nutricién
clinica, sobre el cumplimiento de 8 criterios de calidad durante el afio 2018 y 2019. Se analizo el nimero total de procesos evaluados y 10s que
se cumplieron correctamente, y se compararon con el estandar tedrico propuesto.

Palabras clave: ) - ) ) . T P
Resultados: se estudiaron 15 centros. De los 8 indicadores estudiados, 5 estuvieron dentro del estandar tedrico (identificacion correcta de

Indicadores de las bolsas de nutricion parenteral, posicion semi-incorporada de los pacientes con nutricion enteral, administracion de micronutrientes en las
calidad. Cuidados bolsas de nutricion parenteral “listas para su uso”, comprobacion de la colocacion de las sondas, y dias de glucemia por debajo de 60 mg/d);
sanitarios. Encuestas dos indicadores estuvieron muy proximos al estandar tecrico y, uno, la hiperglucemia en los pacientes con nutricion parenteral, Igjos del estandar
de salud. Terapia tedrico (15,7 % vs. 5 %).

nutricional. !

Estandares. Equipos Conclusion: la aplicacion de la nutricion artificial se realiza en los hospitales espafioles con un elevado nivel de calidad. De esta manera, se
de salud. ofrecen unos estandares basados en la practica clinica diaria de la nutricion artificial en Espafia.
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INTRODUCTION

In recent years, the need to improve the quality and efficiency
of health systems has led to a growing interest in the application
of various tools for achieving a better management. Quality indi-
cators that express the extent of achievement for key objectives
in organizations stand out among these instruments. In gener-
al terms, these indicators focus on specific quality dimensions
(accessibility, patient satisfaction, health outcomes, safety, etc.).
They are intended to meet key requirements such as relevance,
feasibility, and reliability, and meant to be based on evidence (1).

In order to achieve correct interpretations, the results of the
indicators should be compared with reference standards that indi-
cate the limit beyond which the levels of compliance can be con-
sidered adequate. This comparison allows determining corrective
measures to improve outcomes in organizations. The standards
are intended for use in practice. When they are defined, not only
the level of compliance that is convenient from a theoretical point
of view should be taken into account, but also the degree of real
difficulty they pose. In this sense, there are many factors that
can promote compliance with quality indicators. These factors
may depend on: the organizations (management involvement,
leadership style, institutional culture of quality improvement, and
availability of resources); the professionals (awareness and recog-
nition of recommendations in clinical guidelines, time restrictions,
previous experiences); or the activity being monitored (coherence
and strength of scientific evidence, associated technical com-
plexity) (2).

In Spain, quality indicators have been proposed for assess-
ing the various stages of clinical nutrition care (3,4). The ref-
erence standards for these indicators are mostly theoretical
values obtained from arbitrary criteria or from research studies.
Therefore, the goal of the present study was to obtain sufficient
information to determine standards, based on daily practice, for
relevant and feasible indicators in routine application.

MATERIALS AND METHODS

The present multicentre cross-sectional study was conducted
between 2018 and 2019. First, a questionnaire was prepared and
sent to the members of the Spanish Society of Clinical Nutrition
and Metabolism (SENPE) by email. Subsequently, the responses
included in the study were those sent by health professionals
that belonged to SENPE and were performing their professional
activity in the field of clinical nutrition, either in public or private
hospitals nationwide.

The questionnaire included eight quality criteria (29 items in
total) extracted from the document “Process of Clinical Nutrition.
Self-assessment guide” prepared by the SENPE Management
working group. It was based on the relevance and feasibility cri-
teria for indicators used in nutrition units that were obtained in
2012 (5).

Table | shows the quality indicators included in the survey. The
level of compliance with each indicator (process completed/pro-

T. Martin-Folgueras et al.

cess assessed x 100) was compared with the theoretical standard
proposed by the existing literature (theoretical standard). Based on
this result, but also taking into account the relevance of compli-
ance with indicators and the difficulty they entail, standards were
proposed for each indicator (proposed standard).

RESULTS

Responses were obtained from 15 health centers, of which:
one had less than 200 beds (6.7 %); three had 201 to 500 beds
(20.0 %); six had 501 to 1,000 beds (40.0 %); and five had more
than 1,000 beds (33.3 %). Nutrition units or multidisciplinary nutri-
tional support teams were responsible for nutritional support in 13
of the centers (86.7 %). In the other two centers nutritional support
was in the hands of professionals not organized in a functional unit.

IDENTIFICATION OF PARENTERAL NUTRITION
BAGS

Data were obtained from 12 centers. The assessment includ-
ed 2,380 parenteral nutrition bags, which meant an average of
198.5 (330.5) bags per center assessed (minimum 4 bags/center,
maximum 1,101 bags/center). Of these bags, 2,374 had an iden-
tifying label. This fact indicated a degree of compliance of 99.7 %
(theoretical standard = 100 %).

SEMI-UPRIGHT POSITION OF PATIENTS WITH
ENTERAL NUTRITION BY NASOGASTRIC TUBE

Data were obtained from 12 centers, with a total of 620 patients
(mean, 57.7 [82.4] patients/center; minimum 6 patients/center,
maximum 278 patients/center). The degree of compliance was
96.8 % (theoretical standard > 90 %).

CORRECT MONITORING OF NUTRITIONAL
SUPPORT

This item was answered by 13 centers. A total of 1,050 visits
to patients were analyzed, corresponding approximately to 80.7
(107.8) visits per center (minimum 9, maximum 400), of which
988 were considered correct according to the definition of the
criterion. Compliance with the standard was 94.1 % (theoretical
standard = 100 %).

MEETING THE CALORIC GOAL WITH ENTERAL
NUTRITION

Data from seven centers were analyzed, with a total of

429 days of enteral nutrition (61.3 [54.4] days/center; minimum
15 days/center, maximum 137 days/center).

[Nutr Hosp 2021;38(3):661-666]
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Table I. Data and quality indicators included in the survey

Organizational criteria

— Affiliation data

— Center size

— Organizational structure:
e Nutrition unit nutritional support team
e (Group of professionals belonging to one or more services (without nutrition units)
e (ther professionals

Quality criteria

Criterion 1:

Patient identification in parenteral nutrition bags.

Method: visual confirmation of correct labeling in patients with parenteral nutrition on the day of referral.

Instruction: correct identification must include the following items: hospitalization unit; room and bed; composition; date of
preparation

Criterion 2:

Semi-upright position in patients with enteral nutrition via a nasogastric tube.

Method: visual verification of the correct position of patients with enteral nutrition on the day of referral.

Instruction: semi-upright position: patient with the torso at > 30 ° with respect to the horizontal plane during the administration of
enteral nutrition and one hour afterwards

Criterion 3:

Correct monitoring of patients receiving artificial nutrition (enteral or parenteral).

Method: checking by reviewing the patient’s medical records for evidence on the correct monitoring of patients with artificial nutrition.
Instruction: each visit counts independently, so more than one event (monitoring visit) can be performed per patient. Visits for
intercurrent events, e.g., due to loss of enteral access, do not count. Correct monitoring should include assessment of tolerance

and compliance with nutritional requirements, as well as periodic laboratory determinations. Assessment of tolerance involves a
systematic screening of the most frequent complications caused by enteral nutrition (gastrointestinal problems, etc.) and parenteral
nutrition (fluid status, hyperglycemia, etc.)

Criterion 4:

Meeting caloric goals in patients with artificial nutrition (enteral or parenteral).

Method: checking by reviewing the patient’s medical records regarding the administration of an artificial nutrition formula in sufficient
amount to meet nutritional requirements.

Instruction: all treatment days are taken into account, so more than one event per patient can be considered. Interruptions justified
by the protocol or periods of artificial nutrition do not count. Compliance implies a systematic calculation of caloric requirements. The
goal is considered reached when the necessary calories were administered (+ 10 %)

Criterion 5:

Checking the placement of enteral feeding tubes before start of enteral nutrition.

Method.: checking out in medical records the corresponding radiological technique before start of enteral nutrition.
Instruction: the reference technique to ascertain an enteral tube’s correct position is radiography. Valid only for nasogastric
and nasoenteral tubes. Tubes placed under radiological or endoscopic control are not included in the calculation

Criterion 6:

Checking the administered ‘ready-to-use’ parenteral nutrition bags do provide micronutrients.

Method: visually checking the records related to micronutrient contents in the ‘ready-to-use’ parenteral nutrition bags administered
on the day of referral.

Instruction: micronutrients should include: electrolytes, vitamins, and trace elements

Criterion 7:

Glycemic control in patients with parenteral nutrition.

Method: checking by reviewing medical records for maintenance of adequate glycemic levels in patients with parenteral nutrition,
on the day of referral.

Instruction: each day with parenteral nutrition counts as an isolated event (regardless of the number of glycemic determinations
performed)

Criterion 8:

Control of venous access-related infections for parenteral nutrition.

Method.: assessment by reviewing medical records and the microbiological results of catheter removals due to suspected infection
and its possible confirmation.

Instruction: each day of parenteral nutrition counts in isolation. The confirmation of catheter-related infection is given by the existence
of a positive culture of its tip or by bacteremia. Different types of catheters (jugular, subclavian, PICC) are assessed independently

[Nutr Hosp 2021;38(3):661-666]
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Caloric requirements were met in 369 days, which represent-
ed a standard of 86.0 % (theoretical standard > 90 %).

MEETING THE CALORIC GOAL WITH
PARENTERAL NUTRITION

Six centers submitted data for this criterion, including 380
days of parenteral nutrition (63.3 [50.8] days/center; minimum
12 days/center, maximum 148 days/center). Caloric require-
ments were met by administering parenteral nutrition for 335
days (88.2 %) (theoretical standard > 90 %).

CHECKING THE PLACEMENT OF ENTERAL
FEEDING TUBES

Eleven centers answered this item, with a total of 218 patients
and a mean of 19.8 (18.2) patients per center (minimum 5 patients/
center, maximum 61 patients/center). Correct probe checking had
been performed in 188 patients, which represented a standard of
86.2 % (theoretical standard = 100 %).

MICRONUTRIENT SUPPLY IN ‘READY-TO-USFE’
PARENTERAL NUTRITION BAGS

These data were only obtained from four hospitals, and a total
of 160 bags of parenteral nutrition were assessed (40.0 [72.0]
bags/center; minimum 2 bags/center, maximum 148 bags/cen-
ter). Micronutrients had been added to 158 bags (98.8 %) (theo-
retical standard = 100 %).

GLYCEMIC CONTROL IN PATIENTS WITH
PARENTERAL NUTRITION

Twelve centers sent data related to glycemic control. A total
of 3,782 days with parenteral nutrition could be assessed, with

T. Martin-Folgueras et al.

315.2 (424.2) days/center (minimum 5 days/center, maximum
1,226 days/center). Hyperglycemia (> 180 mg/dL) was observed
during 595 days (15.7 %), and hypoglycemia (< 60 mg/dL) during
18 days of follow-up (0.5 %) (theoretical standard = 5 % in both
cases).

INFECTION OF PARENTERAL NUTRITION
CATHETERS

Data from six hospitals were analyzed. The results are shown
in table II. Table Il shows the theoretical and proposed standards
for the most relevant indicators of a hospital’s artificial nutritional
support process.

DISCUSSION

In the last decade, quality management has been progres-
sively established in health systems. This fact promoted import-
ant changes in their organization. These changes have directly
affected clinicians, whose objectives have gone from providing
healthcare based on the best available scientific evidence to also
incorporating the satisfaction of different stakeholders (patients,
relatives, managers, providers, healthcare teams, and society).
This way, in recent years, both scientific societies and health
agencies have created indicators for controlling healthcare quality.

In conjunction with the Spanish Society of Hospital Pharmacy
(SEFH), the Spanish Society of Clinical Nutrition and Metabolism
(SENPE) has developed the “Guidelines for the assessment of the
clinical nutrition process”, which discusses the sub-processes
involved in nutritional support for hospitalized patients (3). Each
sub-process is accompanied by one or more quality criteria, with
their definition, indicators, and theoretical standards.

The goal of the present study was to propose standards based
on clinical practice, applying those quality indicators considered
most relevant and feasible (5). Responses were obtained from
15 centers distributed throughout the different Spanish auton-

Table Il. Parenteral nutrition catheter-related infection

Indicator No. No. of days Recorded Theoretical

with PN incidence standard

Total catheters removed due to suspected infection 20 2852 0.7/100 days

Confirmed infections* 24 2852 0.8/100 days 5/100 days

Jugular catheters removed due to suspected infection (jugular) 1 105 0.9/100 days

Confirmed infection caused by jugular catheters 0 105 0/100 days 5/100 days

Subclavian catheters removed due to suspected infection 2 158 1.3/100 days

Confirmed infection caused by subclavian catheters® 3 158 1.9/100 days 5/100 days

PICC removals due to suspected infection 0 31 0/100 days

Confirmed infections caused by PICC 0 31 0/100 days 5/100 days

*Confirmed infections outnumber catheters removed due to suspected infection as a result of culturing the tip of catheters removed for other reasons. The frequency of
infection is expressed per 100 days of use; PICC: peripherally inserted central catheter; PN: parenteral nutrition.

[Nutr Hosp 2021;38(3):661-666]
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Table lll. Theoretical and proposed standards for the most relevant indicators
of a hospital’s nutritional support process

Indicator Theoretical Proposed
standard standard
PN bags correctly identified 100 % 100 %
Patients with EN in semi-upright position >90 % > 90 %
Days of correct PN/EN monitoring 100 % >90 %
Days of compliance with caloric goals (EN) >90 % >85%
Days of compliance with caloric goals (PN) >90 % >85%
Nasogastric tubes checked by radiologic imaging before initiating EN 100 % >90 %
Ready-to-use PN bags with micronutrients 100 % 100 %
Days with glycaemia > 180 mg/dL in patients with PN <5% <10%
Days with glycemia < 60 mg/dL in patients with PN <5% <1%
Catheter removal due to suspected infection after 100 days of use <?
Confirmed infection caused by catheters per 100 days of use <5 <2

PN: parenteral nutrition; EN: enteral nutrition.

omous communities, 11 of which had more than 500 beds and
a nutrition unit. This fact indicates that the data presented can
be considered representative of the nutritional care provided by
medium/large centers with structured and recognized units for
nutritional support (2).

Among the results obtained, the high degree of compliance with
some of the indicators stood out, namely: correct identification of
parenteral nutrition bags; semi-upright position of patients with
enteral nutrition; administration of micronutrients in ready-to-use
parenteral nutrition bags; and days of glycemia below 60 mg/
dL. Use of protocols and systematization of activities, mainly in
hospital pharmacies, may have contributed to these results.

On the other hand, compliance with other indicators was slightly
lower. Examples are: correct monitoring of artificial nutrition; radio-
graphic assessment of the correct position of feeding tubes; and
compliance with caloric goals in parenteral and enteral nutrition.
Therefore, it is considered advisable to propose a lowering of
the standard because, possibly, the underlying difficulties were
fundamentally due to the workloads for the case of monitoring.
The interruption of support may have occurred due to various
complications and diagnostic or therapeutic procedures in the
case of compliance with caloric goals. Radiographic probe testing
should be performed due to frequent pull-outs that can make
further compliance difficult in some cases.

Regarding the control of hyperglycemia, the proposed standard
was raised to 10 % of days instead of the 5 % theoretically pro-
posed. During the administration of parenteral nutrition, 50 % of
patients exhibited some elevated glycemia values, especially those
with previous diabetes, greater intravenous blood glucose supply,
hyperglycemic drugs, or infectious complications (6). Hyperglyce-
mia during parenteral nutrition is an independent factor for in-hos-
pital mortality, hence the relevance of its control (7). The control
of hyperglycemia is counterbalanced by the risk of developing
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hypoglycemia. The latter has been addressed by studies in up to
7 % of patients with parenteral nutrition, and is also a risk factor
for mortality in hospitalized patients (8,9). The lower degree of
hyperglycemia control with respect to hypoglycemia may have
resulted from a conservative use of hypoglycemic treatment, in
addition to the difficulty in controlling it due to clinical factors and
hyperglycemic drugs.

Regarding the infection rate of the central venous catheters
used for administering parenteral nutrition, multiple data are
available on the rate of complications of these catheters in home
parenteral nutrition. In Spain, the most frequent complication in
patients with home parenteral nutrition has been infection, with a
rate of 0.64 infections per 1,000 days of central venous catheter
use (10). In hospitalized patients, the reported infection rate has
been highly variable, between 0 and 4.9 infections per 1,000
days (11-13). Variability may depend on factors such as the type
of central venous catheter, local catheter management protocols,
underlying diseases, or the definition of infection associated with
the catheter used. According to the data found in the present
study, infection rates have been lower than reported in other
studies, which could be due to the lower number of hospitals that
provided data for this indicator, their having implemented infection
control programs, or a different recording method. Even so, the
standard has been significantly lowered in the present proposal.

The strengths of the present study include the number of
centers that answered the survey and, above all, the number
of patients included. Among its limitations, the fact stands out
that responses were mainly obtained from larger hospitals that
had nutrition units among their healthcare services. However, the
study did not provide enough data about nutritional support in
smaller hospitals without a defined structure for the provision of
nutritional support, nor were data recorded for all the indicators
analyzed in all hospitals.
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In conclusion, the data obtained in the present study suggest
that nutrition units in Spain perform their activity with a high quali-
ty degree. In addition, this work promotes the creation of initiatives
to assess the quality of nutritional support in Spain, providing
quality standards based on actual data. An immediate objective
for the future should be obtaining information from the maximum
number of centers possible, determining which are the best ones,
learning from them, and ultimately benchmarking.
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Pelagra: una enfermedad antigua en un mundo moderno
Pellagra: an ancient disease in a modern world
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Resumen

Introduccion: la pelagra es una enfermedad sistémica secundaria a la deficiencia de vitamina B3 o de su precursor, el triptéfano. La vitamina B3
s necesaria para varios procesos metabélicos, de sefializacion celular y reparacion del ADN. Se caracteriza por la tétrada clasica de dermatitis,
diarrea, demencia y muerte. La misma es considerada una enfermedad rara hoy en dia; sin embargo, con el auge de las dietas restrictivas sin
la adecuada suplementacion, como es el caso del veganismo, se ha visto un aumento de los casos en los Ultimos afios.

Caso clinico: exponemos el caso de una paciente adulta joven, vegana estricta, a la cual se le realizo el diagnéstico de pelagra y se le instaurd
un tratamiento de forma precoz, con una excelente evolucion.

Discusion: el interés del caso radica en la importancia de la sospecha clinica y la anamnesis dirigida a factores sociales y nutricionales,
adaptados a la época actual, para poder hacer el diagndstico de una enfermedad rara e infradiagnosticada que es potencialmente mortal de
retrasarse el inicio del tratamiento.

Abstract

Background: pellagra is a systemic disease due to deficiency of vitamin B3 or tryptophan, its precursor. Vitamin B3 is needed for several
metabolic processes, cell signaling, and DNA repair. It is characterized by a classic tetrad of dermatitis, diarrhea, dementia, and death. Pellagra
is considered rare nowadays; however, due to the popularity of restrictive diets without necessary supplementation such us veganism, there has
been an increase in cases in recent years.

Case report: we report the case of a young strict vegan female patient in which a pellagra diagnosis was made, and early treatment was
administered with an excellent outcome.

Discussion: the interest of this case lies in the importance of clinical suspicion and directed history taking focused on social and nutritional

factors, as adapted for the current times, in order to make the diagnosis of a rare, subdiagnosed disease that is life-threatening if treatment
is delayed.
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INTRODUCCION

D. Lopez y G. Otero

CASO CLIiNICO

La pelagra, también conocida como la enfermedad de las
cuatro D (dermatosis, diarrea, demencia y defuncion) fue des-
crita por primera vez en 1735 por el médico espafiol Gaspar
Casal. Esta causada por el déficit de vitamina B3, también
denominada acido nicotinico y niacina, o de su precursor, el
triptéfano (1-3).

Esta vitamina se encuentra ampliamente en los alimentos,
sobre todo en los de origen animal. Fuentes ricas en ella son
las carnes, el pescado, los lacteos, los huevos, las semillas de
gramineas y los vegetales verdes (2,4).

La pelagra, a nivel mundial, tiene una prevalencia cada vez
menor, estando casi erradicada en los paises desarrollados gra-
cias al enriquecimiento de los alimentos con niacina.

Se ve sobre todo en ancianos, alcohdlicos y pacientes de estra-
to socioecondmico muy bajo. Sin embargo, los nuevos habitos
alimenticios y las dietas de moda han hecho resurgir esta enti-
dad (2,5).

Presentamos el caso de una paciente de 31 afos, vegana
no suplementada, que se presentd con una dermatosis bilate-
ral y simétrica de los miembros a nivel distal, caracterizada por
maculo-placas eritemato-violaceas, bien definidas, de bordes
irregulares, con descamacion amarronada en collarete y con cla-
ra distribucion en las zonas expuestas a la luz solar (Fig. 1). La
mucosa oral se observd hipocoloreda, con borde lingual depapi-
lado, queilitis y glositis. Este cuadro tenia 6 meses evolucion y
se asociaba a ardor y prurito. En lo sistémico, la paciente referia
astenia, adinamia, anorexia, nauseas, vomitos y dolor abdominal;
el cuadro se acompafo ademas de sintomas depresivos y ansio-
s0s. En funcion de la dermatosis descrita y de los sintomas gas-
trointestinales y neuroldgicos, se hizo un diagnostico de pelagra
en una paciente vegana. Se solicitd paraclinica (analisis clinicos)
en busqueda de déficits nutricionales, mostrando los resultados
anemia ferropénica y déficit de B12 y vitamina D, lo que respaldd
el diagndstico (Tabla ).

Previo tratamiento

Figura 1.

Comparacion entre antes y después del tratamiento.

Post tratamiento
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Tabla I. Analisis clinicos

669

Paraclinica Resultado rt‘e’fa::;nc::?a Paraclinica Resultado r(‘al::elzn(::?a
Hemoglobina 7,6 g/l 12,0-16,0 Sideremia 21 po/di 33-193
Hematocrito 27,8 % 36,0-46,0 Ferritina 2 ng/ml 15-150

VCM 68,9 fL 80,0-100,0 Transferrina 378 mg/dl 200-360

HCM 18,9 pg 26,0-34,0 IST 4% 20-55

TSH > 100 Ul/ml 0,27-4,20 Vitamina D 16 ng/ml >29
T4 libre 0,15 ng/dl 0,93-1,70 Vitamina B12 116,6 ng/ml 197-771

Se realizd tratamiento con &cido nicotinico en dosis de 500 mg/
dia, complejo B, vitamina D, hierro y fotoproteccion, obteniéndose
una rapida y excelente evolucion, lo que certifico nuestro diag-
nostico. Al mes de tratamiento Se encontraba asintomatica, sin
elementos de actividad, observandose Unicamente hipopigmen-
tacion postinflamatoria (Fig. 1).

DISCUSION

La pelagra es una enfermedad causada por el déficit de vitami-
na B3 o de su precursor, el triptofano, que puede producirse por
una dieta deficiente o por trastornos metabolicos o malabsortivos.

El compromiso cutaneo suele ser el inicial y el que domina
el cuadro, y se manifiesta como una dermatosis fotodistribuida
que se caracteriza por presentar piel eritematosa, areas hiperpig-
mentadas y placas queratosicas y/o costrosas, a veces fisuradas,
como fue el caso de nuestra paciente. También pueden observar-
se vesiculas y/o ampollas (2-6).

La afectacion de las manos es la mas frecuente (77-97 %),
configurando los llamados “guantes de Casal”, mientras que el
compromiso de los pies se denomina “botas de Casal”, ambos
signos presentes en nuestro caso clinico (1,5-7). La afectacion
de la zona del escote es lo mas caracteristico de la pelagra,
configurando el “collar de Casal”; puede extenderse al esternon,
denomindndose “corbata de Casal”. Estos elementos habitual-
mente no estan presentes en las pelagras secundarias a dietas
restrictivas, como en el caso de nuestra paciente, en donde los
signos son menos tipicos y floridos (1,4).

En un tercio de los pacientes existe afectacion de la cavidad
oral. Puede haber compromiso de la mucosa anal y vaginal, y
en ocasiones de las faneras. Nuestra paciente solo presentaba
compromiso oral (1,5-8).

Los sintomas neuroldgicos se observan en el 50 % de los
casos, aproximadamente. Son bastante inespecificos, como l0s
presentados por nuestra paciente. Es importante su pesquisa
ya que pueden evolucionar hacia trastornos neuropsiquiatricos

[Nutr Hosp 2021;38(3):667-670]

severos y pueden ser irreversibles, llevando incluso a la muerte
(1,4,6,9,10).

La afectacion gastrointestinal es frecuente y se manifies-
ta inicialmente como anorexia (clasico de la enfermedad),
pudiendo ademas asociarse a otros sintomas digestivos como
en nuestro caso. En ocasiones pueden evolucionar a diarrea
severa (1,6,9).

El diagnostico de pelagra es clinico y se realiza por la clinica y
la répida respuesta al tratamiento. La concentracion plasmatica
de niacina y las concentraciones urinarias de sus metabolitos
apoyarian el diagnéstico; sin embargo, no contamos en el pais
con dichos estudios (1,4,5).

El diagnostico en este caso se realizd precozmente, lo cual
difiere de lo descrito en la literatura, y con ello se evitd la aparicion
de manifestaciones sistémicas graves (2,4).

Existen varios esquemas de tratamiento con niacina (1,3-
5,7,10). Ademas, se recomienda administrar preparaciones con
complejos de vitamina B por la asociacion con el déficit de otras
vitaminas (3,10).

Nuestra paciente presento la respuesta clasica al tratamiento
que aparece reportada en la literatura, observandose la resolucion
de las manifestaciones gastrointestinales y neuroldgicas en las
primeras 48 horas, y la de las cutaneas en la primera semana
(1,4,6,10).

CONCLUSION

La pelagra es una enfermedad poco frecuente que general-
mente no se encuentra entre nuestros diagndsticos diferenciales.

Comunicamos este caso con la finalidad de recordar que, a
pesar de ser una enfermedad rara, aun existe y que el diagnostico
y el tratamiento de forma precoz es fundamental por su potencial
mortalidad. Las causas de pelagra se han modificado y se esta
viendo un nuevo perfil de presentacion asociado al consumo de
dietas restrictivas, por lo que se trata de una enfermedad ree-
mergente en la actualidad.
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En el volumen 37 de la presente revista se presentaron dos
estudios que evaluaban los modelos de medicion de instrumen-
tos clinicos nutricionales (1,2). Estas investigaciones reportaron,
mediante el analisis factorial exploratorio (AFE), la cantidad de
factores extraidos para examinar la estructura del test, los cuales
estan conformados por variables asociadas con el mismo factor,
cuyo rasgo subyacente comin permite la correlacion entre tales
variables. La metodologia del AFE esté vinculada al area de la
psicometria que ha impulsado la evaluacion de los modelos de
variables latentes (no medibles directamente) y esto ha genera-
do el desarrollo de nuevos modelos estadisticos mas robustos,
como el andlisis de ecuaciones estructurales. Este método se basa
en andlisis de rutas y la regresion multiple, que refiere la inclusion
de relaciones y efectos entre una serie de variables para evaluar
mdltiples hipdtesis clinicas mas alla del andlisis factorial (3,4).

Los andlisis de variables latentes presentan similitud estadistica
con los modelos de red de correlaciones (5). Este modelo de red
no solo incorpora relaciones de orden cero sino también asocia-
ciones parciales causales (6,7) entre un conjunto de variables
de diferentes medidas clinicas interconectadas (antropométricas,
nutricionales, test, entre otros) (6,7), cuya representacion grafica
facilita la interpretacion de manera sencilla: mientras mas gruesa
sea la conexion entre los nodos (variables), mayor sera la relacion
estadistica (6,7).

El modelo de red es un andlisis multivariante compuesto por
multiples relaciones no lineales regularizadas (eliminacion de
relaciones mas espurias mediante el estimador LASSO) des-
pués del control multivariado de los elementos de la red (6,7).
Esto favorece la inclusion de variables de diversa naturaleza que
evallien mdltiples aspectos relacionados con la salud nutricional
(por ejemplo, los trastornos de la conducta alimentaria) (8) y la
interaccion entre sus mdiltiples factores etioldgicos y moduladores
(6-8). Asimismo, es posible estimar los elementos “puente” (altos
indices de centralidad) que refieren una mayor implicancia clinica
de interés. Aquellos elementos afectan a las interacciones de los
demas componentes; es decir, una mayor medida de este ele-

El autor refiere no tener ningun conflicto de intereses.

mento “puente” aumenta la probabilidad de fortalecer las demas
relaciones y viceversa: su disminucion o una menor medida es
posible que reduzcan las demas conexiones € incluso que gene-
ren un colapso en toda la estructura de la red (6-8).

El andlisis de red ha dado origen al modelo grafico exploratorio
(MGE). Este método es alternativo al AFE y ambos permiten extraer
una estructura de un conjunto de variables seguin un marco ted-
rico previo, (9) lo que permite estimar un determinado nimero
de dimensiones cuyos elementos —los de cada dimension—
presentan un color especifico (9).

Se utilizaron los datos de una investigacion en curso que inclu-
ye una medida de sintomas de riesgo de la conducta alimentaria
en adultos peruanos durante la cuarentena de la COVID-19 (10)
con la finalidad de representar un ejemplo de MGE, el cual iden-
tifica tres factores (Fig. 1).

@RESTRICCION ALIMENTICLA,
® SOBREVALORIZACION CORPORAL
® INSATISFACCION CORPORAL

Figura 1.

MGE del “Eating Disorder Examination Questionnaire” (EDE-Q7) en adultos perua-
nos durante la cuarentena.
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En conclusion, el analisis de red supone una valiosa contribu-
cion metodoldgica y practica para la investigacion en el campo
de la nutricién, cuyo uso inclusivo brindara una mayor explicacion
dinamica de las condiciones clinicas y del impacto psicoldgico en
el &mbito de la salud nutricional.

Cristian Ramos Vera

Area de Investigacion. Facultad de Ciencias de la Salud.
Universidad Cesar Vallgjo. Lima, Pert. Sociedad Peruana de
Psicometria. Lima, Pert

BIBLIOGRAFIA

1. Carrasco-Marin F, Pérez-Villalobos C, Cruzat-Mandich C. Cuestionario para
medir conductas alimentarias de riesgo de malnutricion por exceso en ado-
lescentes. Nutr Hosp 2020;37(1):37-45. DOI: 10.20960/nh.02666

2. Navarro G, Padros-Blazquez F, Fulgencio-Juarez M, Dominguez-Espinosa
ADC. Desarrollo y evaluacion de las propiedades psicométricas de la escala
Etapas de Cambio en la Reduccion del Sobrepeso Infantil (ECARSI). Nutr Hosp
2020;37(5):951-7. DOI: 10.20960/nh.03120

10.

C. Ramos Vera

. Manzano AP. Introduccién a los modelos de ecuaciones estructurales. Inv Ed

Med 2018;7(25):67-72. DOI: 10.1016/j.riem.2017.11.002

. Ramos-Vera CA. Métodos estadisticos modernos para evaluar diferencias en

el contexto pandémico: El caso del género en el miedo a la COVID-19. Rev
Cub Inv Bioméd [en prensa].

. van Bork R, Rhemtulla M, Waldorp LJ, Kruis J, Rezvanifar S, Borsboom D.

Latent Variable Models and Networks: Statistical Equivalence and Testabi-
lity. Multivariate Behav Res 2019;1-24. DOI: 10.1080/00273171.2019.
1672515

. Robinaugh DJ, Hoekstra RHA, Toner ER, Borshoom D. The network approach

to psychopathology: a review of the literature 2008—2018 and an agen-
da for future research. Psychol Med 2020;50:353-66. DOI: 10.1017/
S0033291719003404

. Ramos-Vera CA. Las redes de relacion estadistica en lainvestigacion psiquia-

trica: elcaso del delirio en el contexto de COVID-19. Rev Colomb Psiquiatr
2021.D0I: 10.1016/j.rcp.2021.02.004

. Smith KE, Crosby RD, Wonderlich SA, Forbush KT, Mason TB, Moessner M.

Network analysis: An innovative framework for understanding eating disorder
psychopathology. Int J Eat Disord 2018;51(3):214-22. DOI: 10.1002/eat.22836

. Golino HF, Epskamp S. Exploratory graph analysis: A new approach for

estimating the number of dimensions in psychological research. PLoS One
2017;12(6):¢0174035. DOI: 10.1371/journal.pone.0174035

Ramos-Vera CA. Red de sintomas psicopatoldgicos de la conducta alimen-
taria, depresion, ansiedad y estrés postraumético en adultos peruanos en
cuarentena por COVID-19. Rev cubana enferm [en prensa]. Disponible en:
http://www.revenfermeria.sld.cu/index.php/enf/article/view/4200

[Nutr Hosp 2021;38(3):671-672]



ISSN (electranico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVR. 318

Nutricion
Hospitalaria

DOI: http://dx.doi.org/10.20960/nh.03568

Carta al Director

BARRERAS PARA LA MEDICION
DE LA FUERZA DE PRENSION
EN LA POBLACION MEXICANA
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Existe un creciente interés en el estudio de la sarcopenia entre
los profesionales de la salud. Sin embargo, a pesar de los avances
que representa la publicacion de Sarcopenia: European consensus
on definition and diagnosis: Report of the European Working Group
on Sarcopenia in Older People Sarcopenia (EWGSOP) y Sarco-
penia: Revised european consensus on definition and diagnosis
(EWGSOP2), siguen existiendo barreras para su implementacion
en el contexto mexicano (1,2). Un paso fundamental para el diag-
nostico de la sarcopenia es la evaluacion de la fuerza. La medicion
de la fuerza de prension es una de las herramientas mas acce-
sibles en la practica clinica. Sin embargo, la falta de consenso
en torno a la técnica de medicion de la fuerza de prension ha
limitado el desarrollo de valores de referencia. Se ha reportado
que la variacion en el procedimiento de medicidn puede asociarse
a diferencias significativas en los resultados obtenidos por lo que,
al utilizar una determinada técnica, deberian utilizarse también
valores de referencia desarrollados con base en una poblacion
local especifica para la misma. Se realizd una revision de la litera-
tura'y se pudieron identificar dos técnicas con mayor difusion: la
propuesta por Roberts y cols. y la de la American Society of Hand
Therapists (ASHT) (3,4). Ambas son muy parecidas. Sin embargo,
en la propuesta por Roberts y cols. es necesaria una silla con
descansabrazos (3). Este requerimiento es una limitante para su
implementacion y, debido a la gran variedad de disefios de sillas,
puede actuar como un factor de error y disminucion de la precision
de las mediciones. En muchos centros del primer nivel de atencion
no se cuenta con sillas con descansabrazos, y variables como la
altura del descansabrazos pueden impactar en la capacidad para
gjercer fuerza. Tras discutir esta disyuntiva con el Grupo de Estudio
de Sarcopenia en Poblacion Mexicana, se decidié elegir el uso de
la técnica sugerida por la American Society of Hand Therapists
(ASHT) por ser la mas adecuada para el contexto mexicano.

Por todo lo expuesto anteriormente, es prioritario homogenizar
la técnica de medicion de la fuerza de prension mediante el uso de

Conflicto de intereses: los autores declaran no tener conflictos de interés.

la técnica de la ASTH y desarrollar valores de referencia basados
en la poblacion local. A continuacion se describe dicha técnica.

TECNICA DE EVALUACION DE LA FUERZA
DE PRENSION DE LA ASHT

El sujeto deberd estar sentado con los hombros aducidos y
rotados neutralmente, el codo flexionado en 90 °, el antebrazo
en posicion neutral y la mufieca entre 0y 30 ° de dorsiflexion (4)
(Fig. 1). Se tomaran 3 mediciones en ambos brazos con un minuto
de intervalo entre cada medicion. Antes de empezar, el examina-
dor le mostrara al paciente como se realiza la prueba y le indicara
verbalmente: “Sostén el mango y presiona tan fuerte como pue-
das”. Posteriormente le dara el dinamometro al sujeto y, después
de que el sujeto esté debidamente posicionado, el examinador

Figura 1.

Técnica de evaluacion de la fuerza de prension de la ASHT.

©Copyright 2021 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).

[Nutr Hosp 2021;38(3):673-674]



674

le indicaré verbalmente: “4 Estas listo? Presiona tan fuerte como
puedas”. Cuando el sujeto comience a presionar, el examinador lo
animara verbalmente diciéndole: “iPresiona fuerte!. .. jFuerte!...
Relajado”. Al finalizar cada medicion, el examinador le solicitara
el dinamémetro para tomar y registrar la lectura de la fuerza de
prension. Para la clasificacion de los sujetos se reportara el valor
maximo de medicion, ya que hay menor probabilidad de que el
valor maximo se vea afectado por el nimero de mediciones en
comparacion con el valor promedio (5).

Jorge Morales Vargas' y Paola Vanessa Miranda Alatriste?

"Centro de Investigacion Morales Vargas SC. Leon, Guanajuato.
México. ?Instituto Nacional de Ciencias Médicas y Nutricion
Salvador Zubirdn. Ciudad de México, México

J. Morales Vargas y P. V. Miranda Alatriste
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Desde hace mas de una década, Akkermansia muciniphila
se ha identificado como una bacteria que coloniza la microbiota
intestinal. Esto es importante debido a que conforma del 1-4 %
de la microbiota intestinal y tiene actividades relacionadas con el
metabolismo (1).

A. muciniphila es una bacteria gramnegativa perteneciente al
filo Verrucomicrobia, cuya fuente de energia es la mucina del
epitelio intestinal: la degrada para nutrirse y libera en el ambiente
monosacaridos, aminodcidos y acidos grasos de cadena corta
(AGCC). Estos nutrientes liberados son usados por otras bacterias
de la microbiota, estimulando sus funciones metabdlicas (1).

Ahora bien, se han realizado intervenciones nutricionales bus-
cando aumentar la concentracion de A. muciniphila para ver sus
efectos sobre el metabolismo. Se ha demostrado que el incre-
mento de esta bacteria en el organismo ayuda a disminuir el
nivel de triglicéridos en sangre (2). También se ha comprobado su
papel en la regulacion de la homeostasis del metabolismo de la
glucosa y del tejido adiposo (3,4). Se encontrd que la presencia de
A. muciniphila esta inversamente relacionada con la obesidad, la
diabetes mellitus de tipo 2, las enfermedades hepaticas, los pro-
cesos inflamatorios y la arteriosclerosis (1). En una intervencion
nutricional realizada en México en pacientes diabéticos de tipo
2 se incrementd la presencia de A. muciniphila en la microbiota
fecal en un 125 %y la intervencion se relacion6 con reducciones
de las AUC de glucosa, triglicéridos, colesterol total y c-LDL; con
aumentos de la actividad antioxidante plasmatica, y con disminu-
cion de las concentraciones de LPS, pudiendo ayudar a reducir la
endotoxemia metabolica (5).

Incluso para la obesidad, ya se ha demostrado que la admi-
nistracion oral de A. muciniphila como probidtico es factible y
segura, demostrando efectos benéficos en pacientes obesos tales
como una mejorfa de la sensibilidad a la insulina, niveles bajos de
colesterol plasmético, reduccion de los marcadores de disfuncion

Conflicto de intereses: los autores declaran no tener conflictos de interés.

hepdtica y una ligera disminucion de la circunferencia de la cade-
ra, de la masa y del peso corporal (6).

Con todo esto nos percatamos que la bacteria representa
un papel benéfico en el estado nutricio, por lo que la pregunta
que surge es: ¢Como podemos aumentar la concentracion de
A. muciniphila en 1a microbiota intestinal? Se ha demostrado que
la dieta restrictiva en calorias; la suplementacién con extracto de
granada, resveratrol, polidextrosa, EpiCor o butirato de sodio, y
la dieta alta en FODMAP (oligo, di, monosacaridos y polioles fer-
mentables) aumentan la concentracion de A. muciniphila (7). De
igual manera, la ingesta de alimentos como el nopal, la semillas
de chia y la proteina de soya han demostrado su capacidad de
modificar la composicion de la microbiota intestinal, aumentando
el porcentaje de esta bacteria (8).

Concluimos que una intervencion alimentaria dirigida a
aumentar esta bacteria puede ser clave en la mejora de 10s
parametros cardiometabdlicos de los pacientes con obesidad
y/0 diabetes (6).

Por todo ello, se busca hacer énfasis en la importancia de
investigar mas a fondo los efectos de esta bacteria, ya que tal vez
pueda ser la piedra angular perdida en el tratamiento de estas
enfermedades.

Cintia Amaral Montesino’, Andrea Abrego Sanchez?,
Ménica Alejandra Diaz Granados?, Ricardo Gonzalez Ponce?,
Augusto Salinas Flores? y Olga Carolina Rojas Garcia®

'Departamento de Ciencias Basicas. Vicerrectoria de Ciencias
de la Salud. Universidad de Monterrey. San Pedro Garza Garcia,
Nuevo Ledn. México. *Escuela de Medicina. Universidad de
Monterrey. San Pedro Garza Garcia, Nuevo Ledn. México.
Departamento de Microbiologia. Facultad de Medicina.
Universidad Auténoma de Nuevo Ledn. Monterrey, Nuevo Leon.
Meéxico
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Carta al Director

A PROPOSITO DE LAS REVISIONES
SISTEMATICAS, LOS METAANALISIS
Y LOS RESUMENES DE REVISIONES
SISTEMATICAS

Sr. Editor:

Tiempo atras se publicd en su prestigiosa revista el siguien-
te articulo: “¢Revision sistematica, metaandlisis o resumen de
revisiones sistematicas?” (1). El manuscrito citado previamente
plasma la importancia que presenta la investigacion secundaria,
considerando que esta pueda resumir toda la evidencia existente
sobre un area especifica del conocimiento. También nos encon-
tramos con que divide y explica las diferencias existentes entre
una revision narrativa, una revision sistematica con metaanalisis
y una revision sistematica sin metaandlisis, y finaliza describiendo
los restimenes de las revisiones sistematicas u “Overview”.

En relacion con esto, el Manual Cochrane de revisiones sis-
tematicas de intervenciones, en su capitulo 22 (2), define lo
siguiente: “Los resumenes de las revisiones Cochrane tienen
como objetivo principal resumir mdltiples revisiones Cochrane
de intervenciones y abordar el efecto de dos 0 mas posibles inter-
venciones sobre un problema de salud” (en caso de no existir
revisiones sistematicas Cochrane, se pueden incluir revisiones
sistematicas publicadas en otros recursos). Por tanto, ;cuales son
las diferencias metodoldgicas entre una revision sistematica y un
resumen de revisiones sistematicas (“Overview”)?

Para dar respuesta a la pregunta planteada anteriormente,
nos basaremos en los siguientes aspectos metodoldgicos: a) obje-
tivos; b) criterios de seleccion; ¢) busqueda; d) obtencidn de los
datos; e) evaluacion de las limitaciones; €) calidad de la evidencia
y f) andlisis (Tabla I).

A modo de conclusién, debemos recordar que una revision
sistematica no es lo mismo que un resumen de revisiones. Ambos

Tabla I. Comparacion de los métodos de las revisiones sistematicas
de intervenciones y los resumenes de revisiones (“Overview”)

Aspectos
metodoldgicos

Revisiones sistematicas

Resumenes de revisiones sistematicas

Objetivos ) )
) efectos de las intervenciones

Resume la evidencia procedente de estudios sobre los | Resume la evidencia procedente de revisiones

sistematicas sobre los efectos de las intervenciones

Criterios de seleccion

Describe los criterios de elegibilidad de los estudios

Describe los criterios de elegibilidad de las revisiones
sistematicas

Blsqueda
relevantes

Blsqueda exhaustiva de los estudios que son

BUsqueda solo de revisiones sistematicas de
intervenciones que sean relevantes

Obtencién de los datos

Los obtiene a partir de los estudios incluidos

Los obtiene a partir de las revisiones sistematicas incluidas

Evaluacion de las limitaciones |, .
incluidos

Evaluacion del riesgo de sesgo en los estudios

Evaluacion en las revisiones sistematicas incluidas

Calidad de la evidencia resultado de interés

La evaluacion es entre los estudios para cada

Las evaluaciones presentadas en las revisiones
sistematicas incluidas

Andlisis cada resultado de interés importante

Se realiza una sintesis de los resultados incluidos para | También se pueden realizar andlisis adicionales para

Se resumen |os resultados de las revisiones.

las comparaciones entre las revisiones, generalmente
comparaciones indirectas de mdiltiples intervenciones

Tabla adaptada de: “Comparacion de los métodos de las revisiones Cochrane de intervenciones y los restimenes de revisiones Cochrane” (2).
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disefios de investigacion secundaria presentan diferencias meto-
doldgicas en su elaboracion. Por un lado, las revisiones sistemati-
cas resumen la evidencia procedente de estudios primarios sobre
los efectos de las intervenciones, mientras que los restimenes de
revisiones tienen como proposito resumir la evidencia procedente
de revisiones sistematicas de los efectos de las intervenciones
y abordar el efecto de dos 0 mas intervenciones sobre determi-
nado problema de salud. Por tanto, ambos disefios no se deben
confundir.

Raul Alberto Aguilera Equia', Héctor Fuentes Barria?
y Olga Patricia Lopez-Soto®
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Carrera de Kinesiologia. Universidad Catdlica de la
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Carta al Director

BODY MASS INDEX AND BODY FAT
PERCENTAGE OF POLICE FORCE

IN MONTENEGRO IN DIFFERENT AGE
GROUPS

Dear Editor-in-Chief,

The prevalence of obesity is increasing among the global
population, regardless of their living in developed or underdevel-
oped countries, or rural or urban areas. In the USA, for example,
from 1999-2000 through 2017-2018, the prevalence of obesity
increased from 30.5 % to 42.4 %, and the prevalence of severe
obesity increased from 4.7 % to 9.2 % (1). Montenegro is no
exception, so it is reasonable to expect that this problem will
not bypass Montenegrin police officers as well. The lifestyle of
people of all ages and all professions has changed in general.
People are much less physically active on a daily basis, while
media consumption and eating fast food are increasing (2). Police
officers also face different tasks today than they used to in the
past, due to the increasing rate of cybercrime relative to street
crime. Therefore, the activity of a police officer at work is far less
today than it was before, and now a police officer is more active
off duty than at work (3). However, the seriousness of certain tasks
that a member of the police forces must be ready to carry out
at crucial moments points to the fact that occurrence of obesity
is absolutely undesirable. Therefore, preventive action has to be
undertaken continuously for ensuring significant improvements
in the efficiency of police officers when it comes to performing
professional tasks.

As body mass index (BMI) and body fat percentage (FAT%)
represent significant indicators, used for the assessment of nutri-
tional status among members of the police, the main goal of this
study was to apply these indicators, for the first time, to perform a
comprehensive analysis of the nutritional status of police officers
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relative to their age, primarily because this global problem is likely
to vary with age. The sample of 115 members of the police forces
of Montenegro included in the analysis was divided into seven
age groups: | (aged to 24 yrs.), Il (25-29 yrs.), lll (30-34 yrs.),
IV (35-39 yrs.), V (40-44 yrs.), VI (45-49 yrs.), and VII (50 yrs. or
older). Body mass index and body fat percentage were calculated
according to the standard formula (4). Descriptive statistics were
used to calculate the socio-demographic and body composition
characteristics, while the ANOVA and post hoc test were applied to
determine differences between age groups. The significance level
was set at p < 0.05. Mean age, BMI, and FAT% of the subjects
(in total) were: 31.54 years, 27.57 kg/m?, and 16.81 %. Amongst
115 tested subjects (based on the BMI classification of WHO),
not one was underweight (< 18.50 kg/m?), while 16 subjects
(13.91 %) were normal weight (18.50-24.99 kg/m?), 80 sub-
jects (69.57 %) were overweight (25.00-29.99 kg/m?), and
19 subjects (16.52 %) were obese (> 30.00 kg/m?). On the oth-
er hand, age groups had specific mean BMI and FAT% values:
l: 26.17 kg/m? and 13.03 %; II: 28.01 kg/m? and 15.9 %;
Il 28.28 kg/m? and 18.08 %; IV: 29.15 kg/m? and 22.14 %);
V: 28 kg/m? and 17.99 %; VI: 28.6 kg/m? and 21.16 %; and
VII: 29.19 kg/m? and 23.92 %). Judging from the age perspective,
no group exhibited values in the normal range. All age groups
were approaching 25.0 (over-weight or pre-obese) and over, but
never beyond 30.0 (obese) on average. Furthermore, groups |
and V were described as “very good” (based on the normative
FAT% of ACSM), while all others were described as “good”, which
was a surprise since at least two age groups were expected to
be described as “excellent”, especially because of doubts about
the adequacy of applying WHO normative values to the Western
Balkan’s population, which has a specific body composition (5).
An ANOVA was performed, which showed significant differenc-
es in both tested variables, while the Post Hoc test showed no
significant differences in all age groups, except for BMI between
the first group (aged to 24 yrs.) and all other groups except the
fifth group (aged 40-44 yrs.), and for FAT% between the first
group (aged to 24 yrs.) and all other groups except the sec-
ond group (aged 25-30 yrs.).

In conclusion, this study indicates that the situation with regard
to overweight (69.57 %) and obesity (16.52 %) among the police
forces is alarming, and may lead to a decrease in their physical
fitness and effectiveness when on duty. It should be noted that,
together with shift work, poor sleep, and exposure to a range of
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stressors, this could indeed have an impact on their health in
the future. Finally, it should definitely be noted that this study is
limited due to the fact that measurements were taken during the
ongoing COVID-19 pandemic, so it is likely that, under regular
circumstances, police officers would be more active and their
body composition might be different.

Veselin Veljovic', Zeljko Spalevic?, Marija Bubanja®
and Bojan Masanovic'

"Humanistic Studies. University Donja Gorica. Podgorica,
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IN Memoriam

Prof. Manuel Serrano Rios (1935-2021)

El profesor Manuel Serrano Rios nacido en Malaga en 1935
y fallecido en Madrid en 2021, fue uno de los mas destacados
y brillantes referentes esparioles en diabetes y obesidad. Hijo de
maestros, de padre cordobés y madre granadina, él se describia
humoristicamente como un “andaluz heterocigoto de alelos gra-
nadino y cordobés”. Desde muy pequefio cultivd una intensa afi-
cion por la lectura y el estudio, claramente reflejada en la brillante
carrera de Medicina que cursd en la Universidad Complutense de
Madrid, donde obtuvo la calificacion de Sobresaliente y Premio
Extraordinario en el afio 1959. Fue admitido a continuacion en
el internado en Medicina Interna de la Fundacion Jiménez Diaz
(FJD) hasta el afio 1964, permaneciendo en esa misma institucion
en los afios sucesivos como médico adjunto, junto al maestro
Carlos Jiménez Diaz. De su paso por el New York Medical College
(1965-1966) en EE. UU., con una beca en Endocrinologia con-
cedida por la Fundacion Lilly Internacional, nos queda su trabajo
sobre el “Radioinmunoandlisis de la insulina y su aplicacion a la
investigacion diabetoldgica”.

Como especialista en Medicina Interna y Endocrinologia accede
ala plaza de Jefe Asociado de Medicina Interna de la FJD (1968).
Dos afios después es nombrado Profesor Adjunto de Patologia y
Clinica Médicas de esa misma institucion, cargo en el que per-
manece hasta el afio 1975, cuando obtiene el grado de Profesor
Adjunto Numerario por concurso-oposicion del Cuerpo Nacional
de Profesores Adjuntos de Patologia y Clinica Médicas de la Facul-
tad de Medicina de la Universidad Auténoma de Madrid. Pocos
afios antes, en 1971, habia optado al grado de Doctor por la
Universidad Complutense con su tesis que fue calificada como
Sobresaliente “Cum Laude”.

Tras cesar como profesor de la Universidad Autbnoma ocupa
en los afios sucesivos las plazas de profesor agregado nume-
rario por concurso-oposicion de Patologia y Clinica Médicas en
la Universidad Auténoma de Barcelona (1976-1978), Profesor
Agregado Numerario de Patologia General y Propedéutica Cli-
nica, por concurso de traslado en la Universidad Complutense
de Madrid (1978-1979), Profesor Agregado Numerario encar-
gado de Catedra de Patologia General y Propedéutica Clinica

-2.2 Catedra- (1979-1981) y Catedratico de Patologia General y
Propedéutica Clinica en la Facultad de Medicina de la Universi-
dad de Qviedo hasta 1987. Durante estos afios también fue jefe
en los servicios de Medicina Interna de la FJD (1976-1977) y
por concurso oposicion del Hospital Universitario Ramon y Cajal,
donde permanece desde 1977 a 1987, ario en el que obtiene
la Catedra y Jefatura de Medicina Interna en el Hospital Clinico
San Carlos de la Universidad Complutense, plazas que ocupa
hasta su jubilacion en el afio 2005. Nombrado entonces Profesor
Catedratico Emérito de Medicina (2005-2008) y posteriormente
Académico de Nimero de la Real Academia Nacional de Medi-
cina (2009) donde ocupa el sillén nimero 6 de Endocrinologia,
Metabolismo y Nutricion, Académico Honorario Extranjero de
la Real Academia Nacional de Medicina de Argentina (2010) y
Académico de Honor de la Real Academia Medicina de Anda-
lucia Oriental (2016).

Entre las distinciones recibidas destacan los Doctorados Hono-
ris Causa por las Universidades de Granada (Espafa), Cayetano
Heredia de Lima (Pert) y Cluj-Napoca (Rumania), asi como las
Medallas de Oro de la Mediterranean Group Study of Diabetes
(MGSD) y de la Sociedad Espafiola de Nutricion Basica y Apli-
cada (SENBA), y las Lecturas Conmemorativas de la Fundacion
Jiménez Diaz y Magistral Dr. Laguna de la Universidad de Alcala
de Henares.

Miembro de multitud de sociedades nacionales e internacio-
nales en Diabetes, Endocrinologia, Aterosclerosis y Medina Inter-
na, fue presidente de las Sociedades Espariola de Diabetes y
de Nutricion Basica y Aplicada. Asi mismo, vicepresidente en la
Federacion Internacional de Diabetes y otros numerosos cargos
en diversos organismos nacionales e internacionales entre los
que podemos destacar la Presidencia del Instituto Danone Inter-
nacional.

También fue miembro del Consejo Cientifico de la Fundacion
Lilly y de diversos comités editoriales de numerosas revistas cien-
tificas, entre las que cabe destacar Diabetes Research and Clinical
Practice, Diabetes, Diabetologia, Nutrition and Metabolism, Revista
Clinica Espariola, etc. Asi mismo fue revisor en estas mismas
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IN MEMORIAM

revistas y otras del maximo nivel cientifico, como Diabetes y Dia-
betes Care, entre otras.

Manuel Serrano Rios liderd como investigador principal el grupo
de CIBERDEM (Red Nacional de Diabetes) del Hospital Clinico San
Carlos de Madrid, puesto que ocupd por su brillante y destacada
trayectoria cientifica en las areas de fisiopatologia de la secrecion
de insulina, genética de la diabetes mellitus y obesidad, asi como
epidemiologia de estas enfermedades y el sindrome metabdlico.
Sin lugar a dudas fue un referente nacional e internacional en
estos campos, participando también en el estudio de la resisten-
cia a la insulina en lipodistrofia en pacientes VIH. Sirvan como
notables ejemplos de su actividad cientifica, la descripcion por
primera vez, de la disminucion de la secrecion de insulina como el
marcador mas temprano de prediabetes genética, y del sindrome
genético Mendenhall con resistencia extrema a la insulina, como
consecuencia de un fallo en la union de la insulina a receptores
especificos en varios sistemas celulares. Posteriormente demos-
tr6 que el defecto se debia a una mutacion puntual (sin sentido) en
la subunidad beta del receptor de insulina. Este hallazgo fue uno
de los primeros defectos moleculares descubiertos en la resisten-
cia a lainsulina determinada genéticamente. Asimismo, y de gran
relevancia fue, la primera descripcion de genes de susceptibilidad
asociados a HLA de diabetes mellitus tipo 1 en poblacion espa-
fiola. Impulsor del estudio di@bet.es, uno de los mas importantes
realizados en Espafia sobre epidemiologia.

En 1978 promovid la creacion de la Federacion Espafiola de
Educadores en Diabetes en aquella reunion inolvidable para
muchos en Segovia. En 2002 como vicepresidente de la IDF pro-

mociond un acercamiento con los paises mas necesitados en
una primera reunion en Cuba, donde trabajo como un verdadero
“residente de batalla”.

Quedaran para siempre en nuestra memoria la claridad, rigor
y entusiasmo que transmitia en sus presentaciones en congre-
S0 y reuniones cientificas, asi como su capacidad de sintesis,
notables aptitudes que siempre nos impresionaron. De la eta-
pa en el Hospital Clinico San Carlos llegd a afirmar que “fue la
mas equilibrada, productiva y gratificante para mi vida personal,
académica e investigadora”. En esta etapa, establecio fructiferos
programas de cooperacion internacional con grupos de EE. UU.,
Europa y Australia.

Maestro de innumerables médicos e investigadores, también
fraternales amigos, que hoy ocupan destacados lugares en la asis-
tencia y la investigacion, y contribuyen con su labor a mejorar la
atencion a las personas con “diabesidad” y/o sindrome metabdlico,
supo transmitir, con frecuente y calida simpatia, su pasion por el
estudio y la investigacion de estas enfermedades pandémicas. Sin
olvidar que ante todo fue médico, profesion que desarrolld desde
una perspectiva humanista, porque parafraseando al célebre Platon,
amando el arte de la Medicina, am6 también la humanidad.

Maestro, descanse en paz.

Marfa Teresa Martinez Larrad, Arturo Corbatén Anchuelo,
Alfonso L. Calle Pascual; entre otros tus discipulos
del CIBERDEM

Hospital Clinico San Carlos. Madrid
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