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Dieta sin gluten: luces y sombras
Gluten-free diet: lights and shadows

La enfermedad celiaca (EC) es una enfermedad cronica y sistémica cuya incidencia estd aumentando en los
ultimos afios, situandose la prevalencia mundial de la enfermedad en torno al 1-3 % (1). Actualmente, el (inico
tratamiento es un cambio en el estilo de vida mediante la instauracion de una dieta sin gluten (DSG) estricta que,
normalmente, en pocos dias 0 semanas produce una mejoria clinica que precede a la normalizacion serologica
y también a la desaparicion de la atrofia vellositaria caracteristica de la enfermedad (2). Actualmente hay en
marcha multitud de estudios sobre el enfoque terapéutico de la enfermedad, tanto a nivel de la “cascada inmu-
noldgica” como a nivel de la barrera intestinal, los triggers ambientales o la induccion de tolerancia al gluten
(3). No obstante, el hecho de que la DSG sea el Unico tratamiento disponible hace indispensable su correcta
realizacion y un adecuado seguimiento, puesto que, aunque no es en términos generales de facil cumplimiento
(4), la falta de adherencia a la DSG puede dar lugar a la aparicion de una enteropatia asociada al linfoma de
células T, entre otras cosas (5).

En este nimero de la revista Nutricion Hospitalaria se publica un trabajo (6) sobre la CELIAC-BASE, la primera
base de datos espafiola sobre productos sin gluten (PSG), comparando su valor nutricional y el precio frente a
los productos homologos con gluten que hay en el mercado. Los autores destacan, por una parte, las diferencias
en cuanto a la composicion de macro y micronutrientes de los productos analizados, con un menor porcentaje
de proteinas y, en algunos PSG, un mayor contenido de grasas y azlicar, y por otra parte, las diferencias respecto
al precio de los PSG, siendo el precio hasta un 586 % mayor en algunos productos, como la pasta. En Esparia,
y seguin el “Informe de precios sobre productos sin gluten” (7) de la Federacion de Asociaciones de Celiacos de
Espafia (FACE), esto puede suponer un aumento de 910 euros anuales en la cesta de la compra para las familias
con un enfermo celiaco.

Si bien la DSG es actualmente el tnico tratamiento para la EC, hay una moda creciente que consiste en hacer
este tipo de dieta, debido en parte a la adopcion de dicha dieta por celebrities o deportistas famosos, que no se
fundamenta en razones cientificas (8). No en vano, estudios de tendencias de busquedas en Google sitlan la
busqueda de la DSG muy por encima de, por ejemplo, las busquedas relacionadas con la dieta mediterranea (9), y
otros trabajos sefialan que en paises como Estados Unidos, hasta el 20 % de la poblacion consume una DSG (10).

Respecto a la composicion de los PSG, otros estudios (11) también han descrito diferencias en cuanto a sus
contrapartes con gluten, debido al intento de mejorar la textura y la palatabilidad (12) o a las caracteristicas de los
alimentos que se usan como sustitutos del gluten. Se han descrito diferencias en cuanto a cifras de sobrepeso y
obesidad por exceso de grasas y azdcares simples (13). Si bien dicha afirmacion es objeto de controversia (14),
en la EC es fundamental no solo una monitorizacion estrecha del correcto cumplimento de la dieta sino también
un seguimiento nutricional adecuado de aquellos pacientes que realizan correctamente la DSG, sobre todo en
relacion con el diagndstico.

Aunque un pequefio porcentaje de pacientes con trastornos gastrointestinales funcionales puedan beneficiarse
de una DSG, en parte debido a la reduccion de los monosacaridos, oligosacéridos, disacaridos fermentables y

©Copyright 2020 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access hajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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polioles (FODMAP) presentes en los PSG, no hay razén para seguir esta dieta salvo en la EC y, en ocasiones,
en caso de sensibilidad al gluten no celiaca (8). Debido a los efectos nocivos y a los dishalances nutricionales
que puede presentar una DSG mal cumplimentada, es necesario, por una parte, restringir la dieta Gnicamente a
quien la necesita y, por otra, incorporar dietistas nutricionistas (15) al seguimiento de la EC, a fin de conseguir
un mejor control dietético y un mejor balance de macro y micronutrientes a medio y largo plazo. Probablemente,
la mayor demanda de PSG y la mayor concienciacion social hagan que el precio de los PSG disminuya. Con todo
esto, actualmente, la EC precisa de la luz de una DSG bien realizada, y es nuestra labor atenuar las sombras
que dificultan su correcta adecuacion o realizacion. Hasta el advenimiento de nuevos tratamientos, y debido al
aumento en la incidencia de la enfermedad, es fundamental continuar disefiando iniciativas y estudios como el
que en este nimero se presenta.

Rafael Martin-Masot y Victor Manuel Navas-Lopez
Seccidn de Gastroenterologia y Nutricion Infantil. Hospital Materno Infantil.
Hospital Regional Universitario de Malaga. Mélaga
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Clinical conditions and complications associated with parenteral nutrition use

in critically ill patients admitted to an intensive care unit of a general hospital
Condiciones clinicas y complicaciones asociadas al uso de nutricion parenteral en pacientes
con enfermedades criticas ingresados en una unidad de cuidados intensivos

de un hospital general
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Abstract

Objective: the aim of this study was to evaluate the clinical conditions, the existing complications, and the drug prescription profile of patients
who received parenteral nutrition in the intensive care unit.

Material and methods: this retrospective, analytical cohort study was carried out among individuals admitted to a public general hospital ICU.
For data collection, the electronic medical records for the entire period of inpatient treatment were analyzed.

Results: in total, 213 individuals who had received parenteral nutrition for a period greater than 48 hours were included in the study. Most
participants were male and mean age was < 60 years; death occurred in 75 % of patients, and abdominal surgery was the main indication
for parenteral nutrition. Hyperglycemia was the most common complication. The Mann-Whitney test showed that the individuals who died were

Keywords: using a higher number of medications. The increased use of medications correlated with use of PN and led to an increase in hospital length of
. stay and death rate (p-value < 0.001). There was a higher proportion of deaths among patients using standard parenteral nutrition solutions

Intensive care (76.9 %) as compared to the period when patients started receiving custom-made parenteral nutrition solutions (71.7 %). However, there was

Eg';'];igﬁn‘?m' no statistical evidence of the association between type of nutrition and the outcome of death (p-value = 0.395).

Parenteral nutrition. Conclusions: custom-made parenteral nutrition may result in benefits for the patients, such as a decrease in the number of medications used.

Hospital mortality. The relationship between type of nutrition and the outcome of death did not prove to be statistically significant.
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Resumen

Objetivo: el objetivo de este estudio fue evaluar las condiciones clinicas, las complicaciones existentes y el perfil de prescripcion de medicamentos
de los pacientes que recibieron nutricion parenteral en la unidad de cuidados intensivos.

Material y métodos: este estudio de cohortes analitico y retrospectivo se llevd a cabo entre individuos ingresados en una UCI de un hospital
publico general. Para la recopilacion de datos se analizaron los registros médicos electronicos de todo el periodo de tratamiento hospitalario.

Resultados: en total se incluyeron en el estudio 213 individuos que habian recibido nutricién parenteral durante un periodo superior a 48 horas.
La mayoria de los participantes eran hombres y la edad media era < 60 afios; se produjo la muerte en el 75 % de los pacientes y la cirugia
abdominal fue la principal indicacion de la nutricion parenteral. La hiperglucemia fue la complicacién mas comun. La prueba de Mann-Whitney
mostro que las personas que murieron estaban usando una mayor cantidad de medicamentos. El aumento en el uso de medicamentos se
correlaciond con el uso de la PN y condujo a un aumento de la duracion de la estancia hospitalaria y de la mortalidad (valor p < 0,001). Hubo
una mayor proporcion de muertes entre 1os pacientes que usaron soluciones de nutricion parenteral estandar (76,9 %) en comparacion con el
periodo en que los pacientes comenzaron a recibir soluciones de nutricion parenteral hechas a medida (71,7 %). Sin embargo, no hubo evidencia

Complicaciones.
Nutricién parenteral.

estadistica de la asociacion entre el tipo de nutricion y el resultado de la muerte (valor p = 0,395).

Mortalidad Conclusiones: la nutricion parenteral hecha a medida puede generar beneficios para los pacientes, como una disminucion de la cantidad de

Hospitalaria.

INTRODUCTION

The intensive care unit (ICU) is intended for critically ill indi-
viduals and those who require specialized, complex care and
continuous monitoring. The technology, devices and equipment
involved help health care professionals make quick decisions to
benefit severely ill patients (1).

Despite all the technology available in ICUs, patients in spe-
cific health situations—such as trauma patients, patients with
severe infections, or those in the postoperative period after
major surgery—are more susceptible to failing to respond to
treatment due to a high risk of malnutrition during inpatient
management (2). This malnutrition may contribute to immu-
nosuppression and increase the risk of reduction in nutrient
absorption by the intestine, thus leading to several complications
that range from susceptibility to pressure injury development to
decreased muscle mobility (3).

Nutritional therapy is part of the treatment provided to hospi-
talized patients, and is essential for their recovery. When nutrient
supply is lower than required by patients, their nutritional sta-
tus may worsen, which may lead to malnutrition. Studies have
shown that malnutrition in critically il individuals is a risk factor
for increased mortality, longer hospital length of stay, and even
the occurrence of complications such as organ dysfunction (3-5).

Most patients admitted to an ICU are unable to receive oral
nutrition. This may be due to their underlying pathology or oro-
tracheal intubation, among other factors. When oral nutrition is
impossible, patients must receive enteral or parenteral nutrition.
Enteral nutrition (EN) is regulated by Resolution n. 63/2000
of the Brazilian Health Regulatory Agency (ANVISA, from the
Portuguese Agéncia Nacional de Vigilancia Sanitaria) and is
the most appropriate nutritional therapy for individuals whose
ability to eat is severely compromised, as it maintains gastro-
intestinal tract function as the diet is administered through
a nasoenteral or percutaneous endoscopic gastrostomy (PEG)
tube or similar (3,5).

Parenteral nutrition (PN) is indicated when the patient is unable
to receive food through the digestive system due to inaccessibility

medicamentos utilizados. La relacion entre el tipo de nutricion y el resultado de la muerte no resultd ser estadisticamente significativa.

or low functionality. PN may be administered as partial (PPN) or
total (TPN) parenteral nutrition. Partial parenteral nutrition con-
sists of amino acids, carbohydrates, minerals and vitamins. It is
administered through a peripheral venous access due to its low
osmolarity and shorter infusion period, when compared to TPN.
TPN may have higher osmolarity and is more complete in caloric
and nutritional terms for critically ill patients when compared to
PPN, as it also includes lipids (3,6).

The disadvantage of using PN is a higher risk of bacterial
translocation, mainly due to bowel disuse, and a higher risk of
infectious complications, including central venous catheter-re-
lated bloodstream infections, as well as venous access-related
mechanical problems and metabolic or electrolyte changes,
dehydration and hyperglycemia (3,5-10). Parenteral nutrition is
regulated by Administrative Rule n. 272/1998 of the Brazilian
Health Regulatory Agency (ANVISA) (3).

PN may either consist of premixed/standard solutions or cus-
tom-made products made in the hospital or a specialized phar-
macy, ready for immediate use. The standard PN obtained from
different laboratories consists of amino acid solutions with or
without electrolytes, and lipid solutions at 10 % or 20 %, always
at fixed concentrations, with macro and micronutrients supplied
in multi-chamber bags by the manufacturer (7,11).

The choice of a PN origin is associated with the assessment of
benefits, associated safety-related risks (contamination and the
possibility of infection), and costs to the patient and institution
(7,12). Critically ill individuals admitted to intensive care units
undergo invasive procedures, are exposed to polypharmacy, and
have complex clinical pictures requiring the use of medications
and parenteral nutrition, often jointly through a venous access with
continuous infusion. The study of these conditions may increase
the safety of hospital procedures that critically ill patients undergo
(13).

The aim of this study was to perform a survey of the epidemi-
ological aspects, and to evaluate the clinical conditions, existing
complications and drug prescription profile of patients receiving
parenteral nutrition in the intensive care unit of a general hospital
in Brasilia, Brazil.
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METHODS

This was a retrospective, analytical cohort study, also consider-
ing epidemiological aspects, carried out among individuals admit-
ted to a public general hospital ICU in Brasilia, Brazil, from March
2010 to December 2016. All individuals who were hospitalized
for more than 48 hours in the intensive care unit were included in
the study. Electronic medical records were investigated to provide
additional information and to check out existing data. Individuals
whose electronic medical records could not be found, or were
incomplete, due to errors in the recording of data at admission to
hospital were excluded, causing a loss of 18 % of the potential
participants.

To achieve the study objectives a data collection form was cre-
ated, which contained the information related to the overall eval-
uation of the participants. During data collection, the information
obtained consisted of medical and nursing progress notes and
prescriptions. As PN use varied among the patients included in the
study, the median prescription was established during the period
of parenteral nutrition use. For the other variables, all information
was considered regarding the hospitalization period during which
the patient received PN.

The data collection tool was created using the following variables:
a) sociodemographic characteristics: registration number, age, ori-
gin, outcome (discharge/transfer or death), associated syndromal
and nosological diagnoses, and hospital length of stay; b) eval-
uation of the parenteral nutrition therapy prescription: indication,
access route used for administration and type of parenteral nutrition
(standard or custom-made PN); c) clinical situations at the time
of nutritional therapy prescription: unstable hemodynamics, acute
pulmonary edema, patients with anuria but who were not receiving
dialysis, presence of severe electrolyte and metabolic disorders;
d) complications due to nutritional therapy use: local or systemic
secondary infection due to central venous access use, glycemic
disorders, significant electrolyte losses, hypertriglyceridemia, hepat-
ic steatosis or cholestasis; €) drug interaction assessment of the
PN-drug association: name of the prescribed drug, dosage, admin-
istration route, ATC (Anatomical Therapeutic Chemical) classification
of prescribed drugs, and prescription of drugs from clinical trials
which were not registered in Brazil at that time.

A description of the variables and their distribution over time
was undertaken for the statistical analysis. For that purpose,
qualitative variables were expressed as frequency distribution
and percentage (relative frequency). Quantitative variables were

expressed as mean and standard error of the mean. The Shap-
iro-Wilk test was applied to quantitative variables to verify wheth-
er the data had a normal distribution. The associations between
qualitative variables were verified by the chi-squared test, and for
the quantitative variables their correlation was analyzed. As the
normality of the data was not assumed, Spearman’s correlation
was used, while the non-parametric Mann-Whitney test was used
for comparisons between groups.

Finally, the graphical representation was carried out using box-
plots as a complement for the comparative analyses between
groups. The Statistical Package for the Social Sciences® (SPSS)
software, version 23.0, and Microsoft Excel® 2013 were used to
analyze the data. Analyses with a p-value < 0.05 were considered
significant. The study project was approved by the Research Ethics
Committee of the Department of Health of Brasilia, Brazil, ensuring
the confidentiality of the information collected.

RESULTS

SOCIODEMOGRAPHIC CHARACTERISTICS

The study included 213 subjects who received parenteral nutri-
tion for a period > 48 hours. The sample consisted of 121 (57 %)
individuals under 60 years of age and 92 (43 %) over 60 years
of age, of whom 118 were males (55.4 %) and 95 (44.6 %)
females (Table I).

Of all the years analyzed, 2011 had the highest number of
patients included in the study, when almost one-third of the sub-
jects were assessed. A total of 17 (8 %) individuals were assessed
in 2010, 64 (30 %) in 2011, 10 (4.7 %) in 2012, 30 (14.1 %) in
2013,38 (17.8 %) in 2014, 36 (16.9 %) in 2015, and finally 18
(8.5 %) in 2016.

Regarding the diagnoses, 1,229 medical diagnoses were found,
of which each patient had at least two. Diagnoses found in the
ICD-10 (International Classification of Diseases, 10" edition),
Chapter XI, representing digestive tract diseases, were identified
363 times, followed by diagnoses from Chapter X, diseases of the
respiratory system, which were identified 268 times.

Hospitalization time was divided into 5-day intervals, and the
interval with the highest prevalence was that from 11 to 15 days in
37 individuals (17.4 %), followed by 6 to 10 days in 36 (16.9 %).
There were 16 cases (7.5 %) with a hospital length of stay > 60
days (Table I).

Table I. Critically ill patients’ age, length of in-hospital stay, number of diagnoses, and total
medications/year, represented by mean * standard error of the mean. Brasilia, 2010-16

Year 2010 2011 2012 2013 2014 2015 2016
Age 60 +5 50 +2 58 +7 55+ 3 63 + 2 55+3 58 + 4
Length of in-hospital stay 39+10 23+2 28+8 31x7 32+3 25+3 23+3
Number of diagnoses 5+0 6+0 7+0 6+0 6+0 6+0 6+0
Total medications 16+ 1 15+1 16 +1 17 =1 14+0 13+0 12+0
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Inpatient hospitalizations are controlled by the Department of
Health of the Federal District (SES/DF) Intensive Care Unit (ICU)
bed regulation center. Patients may be from the hospital itself, the
hospitals of the public health network of the Federal District, or
from the private network contracted by the SES/DF. The hospital
emergency unit was responsible for 52 (24.4 %) of the referred
patients, followed by the surgical center in 48 cases (22.5 %),
and the in-patient wards, with a total of 33 (15.4 %) from the
hospital itself. There were 71 (33.4 %) individuals from public
hospitals located in Brasilia and the Federal District, and 9 (4.2 %)
individuals from private hospitals.

For the purposes of analysis, outcome was differentiated as
discharged (discharge to the ward or transfer to another ICU)
or death. On average, approximately three-quarters of the indi-
viduals died, but this proportion varied from year to year, as
shown in table II: all individuals analyzed in 2012 died, whereas
there was a mortality rate of 50 % in 2015. In 2010, there were
2 (11.8 %) discharges and 15 (88.2 %) deaths; in 2011, 17
(26.6 %) discharges and 47 (73.4 %) deaths; in 2012 all individ-
uals (n = 10) died; in 2013, there were 9 (30 %) discharges and
21 (70 %) deaths; in 2014 there were 4 (10.5 %) discharges and
34 (89.5 %) deaths; in 2015, there were 18 discharges (50 %)
and 18 (50 %) deaths, and finally in 2016 there were 4 (22.2 %)
discharges and 14 (77.8 %) deaths.

EVALUATION OF THE PARENTERAL
NUTRITION THERAPY PRESCRIPTION

Regarding the indication of nutritional therapy prescription,
the main indication was abdominal surgery with 94 indications,

R. F. Silva et al.

intolerance to enteral nutrition in 48 cases, and peritonitis in 47
cases. The other indications were related to pancreatitis, abdom-
inal distension, surgery in the cervical region, upper digestive
bleeding, high gastric residual volumes through the nasogastric
tube, persistent diarrhea, increase in calorie intake, intestinal
obstruction, vomiting, reduced intestinal transit to promote wound
healing, enteric fistula, abdominal trauma, tracheal fistula, and
megaesophagus. Of all individuals assessed, 27 (13 %) had PN
indicated for more than one reason.

The access route used for TPN administration in 171 (80.3 %)
individuals was the subclavian vein, followed by the internal jugu-
lar vein in 27 (12.7 %), and the femoral vein in 15 (7 %) individu-
als. The catheter used in 100 % of the cases was a double-lumen
catheter, which is the standard type used by the public health
network of the Federal District. The type of parenteral nutrition
provided to patients was selected according to the current sup-
ply contract; the standard parenteral nutrition was supplied from
2010 to 2013 and the custom-made parenteral nutrition, supplied
by an outsourced company, was provided from 2014 on, and was
still being supplied when the study ended in 2016. Thus, a total
of 121 (56.8 %) individuals received standard parenteral nutrition
and 92 (43.2 %) received custom-made parenteral nutrition.

CLINICAL SITUATIONS AT THE TIME OF
NUTRITIONAL THERAPY PRESCRIPTION

Regarding the clinical situations at the time of parenteral nutri-
tion use, there were 73 (34 %) individuals with severe electrolyte
and metabolic disorders; 56 individuals (27 %) with hemodynamic
instability; 17 (8 %) were anuric; and a mere 4 individuals (2 %)

Table Il. p-value test for some variables, and outcome in critically ill individuals.
Brasilia, 2010-16

Outcome
Discharge / Death
Transfer p-value
(n = 54) (n =159)
Freq. % Freq. %
Sex Male 35 29.7 % 83 70.3 % 0.107
Female 19 20.0 % 76 80.0 %
Was the patient anuric? Yes ! 0.9% 10 1% 0.054
No 53 27.0 % 146 73.0 %
Was the patient undergoing hemodialysis? Yes ! r1% 13 92.9% 0.105
No 53 27.0 % 146 73.0 %
Did the patient have any severe electrolyte and metabolic disorders? Yes n 15.1% 62 84.9% 0.013
No 43 30.7 % 97 69.3 %
Was there local or systemic secondary infection due to venous Yes 3 214 % 1 78.6 % 0797
access use? No 51 25.6 % 148 74.4 %
Were there glycemic disorders? Yes 25 16.9% 123 83.1% 0.000
No 29 44.6 % 36 55.4 %
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were receiving hemodialysis. There were no cases of acute pul-
monary edema.

COMPLICATIONS DUE TO NUTRITIONAL
THERAPY USE

Regarding the possible complications due to nutritional therapy
use, there were no cases of significant electrolyte loss, hypertri-
glyceridemia, hepatic steatosis or cholestasis among the indi-
viduals who received parenteral nutrition. Secondary infections
related to central venous access use were mentioned in the med-
ical records in only 14 cases (7 %), although the authors suspect
under-reporting. Glycemic disorders were the complications found
most frequently, with 148 (69 %) cases, and consisted of hyper-
glycemia, hypoglycemia, or both.

PATIENT’S PRESCRIPTION ASSESSMENT

The drugs prescribed to the individuals were classified accord-
ing to the ATC (Anatomical Therapeutic Chemical) classification.
No drugs from clinical trials not listed by the Department of Health
of the Federal District were identified. The mean number of pre-
scribed drugs was calculated separately per year, as shown in
table I.

A total of 3,156 drugs was prescribed during the study peri-
od. Regarding the type of medication used, the most frequently
prescribed classes of medication were for the digestive tract and
metabolism, with 31.62 % (ATC classification = A), followed by
drugs for the nervous system class with 18.85 % (ATC classifi-

cation = N), and thirdly the antimicrobial class for systemic use,
with 17.68 % (ATC classification = J) of the total drugs prescribed.

There were some associations between variables and an indi-
vidual’s clinical outcome (discharge or death). Despite the higher
death rate observed in women (80 % vs. 70.3 % in men), there
was no correlation between outcome and sex. Since five variables
did not show any cases (acute pulmonary edema, drug not listed
by SES-DF, significant electrolyte losses, hypertriglyceridemia,
hepatic steatosis, and cholestasis), the chi-squared test was not
performed.

All individuals who were hemodynamically unstable died;
accordingly, this variable is associated with outcome (p-val-
ue < 0.000). Individuals with severe metabolic disorders were
more likely to die than those without them. This association
between severe electrolyte and metabolic disorders and outcome
was also significant (p-value = 0.013). Glycemic disorder was also
associated with outcome (p-value < 0.000).

In the case of patients who were anuric, were receiving hemo-
dialysis, or had a secondary infection due to the use of a venous
access, although the descriptive analysis showed a greater prob-
ability of death, there was no significant association with outcome
(p-value = 0.054, p-value = 0.105, and p-value = 727, respec-
tively, as shown in table II.

The normality test showed that a normal distribution could not
be assumed for the following variables: length of hospital stay,
number of diagnoses, and total number of medications. As a
Gaussian distribution was assumed only for the variable of age, it
was not possible to use parametric tests. Hence, nonparametric
tests were applied to the analyses, as well as the nonparametric
Spearman’s correlation.

Spearman’s nonparametric correlation (Spearman’s rho) was
applied to identify the associations between quantitative variables,

Table lll. Correlations according to Spearman’s rho for the variables age, total number of
medications, number of diagnoses, and hospital length of stay

Correlations
A Total rTum.ber of N.umber of Hospital length of
medications diagnoses stay
Spearman’s rho 1.000 -0.159 -0.052 0.009
Age p-value . 0.020 0.449 0.901
n 213 213 213 213
Spearman’s rho -0.159 1.000 0.059 0.186*
Total number of medications p-value 0.020 . 0.389 0.006
n 213 213 213 213
Spearman’s rho -0.052 0.059 1.000 0.195*
Number of diagnoses p-value 0.449 0.389 . 0.004
n 213 213 213 213
Spearman’s rho 0.009 0.186* 0.195* 1.000
Hospital length of stay p-value 0.901 0.006 0.004 .
n 213 213 213 213

*Significant correlations at the 0.01 level.
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as a normal distribution of these variables could not be assumed.
When analyzing the correlations between quantitative variables, it
was observed that age had an inversely proportional association
with the total number of medications used by the patient. The
strength of this association, however, although significant, is weak.
There is no significant correlation between age and number of
diagnoses or hospital length of stay.

In addition to the inversely proportional association with age,
the total number of medications is also correlated with hospital
length of stay. The variables are directly proportional, as the higher
the number of medications, the longer the hospital length of stay
tends to be. The intensity of this correlation is weak. Regarding
the number of diagnoses, it is associated only with hospital length
of stay. The two variables are directly proportional, that is, the
higher the number of diagnoses, the longer hospital length of
stay tends to be, but the intensity of the correlation is weak, as
shown in table lll.

Although the individuals who died had an older mean age than
those who were discharged or transferred (56.97 and 52.56,
respectively), this difference was not significant (p-value = 0.118).
This comparison was carried out using Student’s t-test for the
comparison of means, and equal variances were assumed
between the groups (Levene’s test was not significant, with a
p-value = 0.665).

The Mann-Whitney test revealed a significant difference in the
total number of medications between the individuals who died and
those who were discharged or transferred (p-value = 0.018). Those
who died used a higher number of medications. A similar situation
occurs when we analyze the number of diagnoses, as those who
died had a higher number of diagnosed comorbidities. This differ-
ence between groups was also significant (p-value < 0.000),

Figure 1 shows that the individuals who died were mostly
among those who received the highest number of medications.

One can observe from the above graph that the highest num-
ber of deaths was among the individuals being prescribed the

R. F. Silva et al.
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Figure 1.

Boxplot chart displaying total number of medications and outcome in critically ill
individuals. Brasilia, 2010-16.

most medications. The Mann-Whitney test showed there was a
significant difference between the number of drugs prescribed
to the individuals who died and to those who were discharged
or transferred (p-value = 0.018). Those who died used a larger
number of drugs. A similar situation is found when one analyzes
the number of diagnoses; those who died had a larger number
of comorbidities diagnosed. This difference between the groups
was also significant (p-value < 0.000).

A higher number of deaths was observed in the individuals
who received standard parenteral nutrition. In 2014, when the
custom-made TPN began to be used, there was a 5 % decrease
in mortality. Despite this difference, the chi-squared test did not
show any association between type of nutrition and outcome
(p-value = 0.395), as may be seen in tables IV and V.

Table IV. Frequency of type of nutrition according to outcome in critically ill individuals.
Brasilia, 2010-16

Outcome
Total
Discharge/Transfer Death
. Standard TPN 28 (23.1 %) 93 (76.9 %) 121
Type of parenteral nutrition
Custom-made TPN 26 (28.2 %) 66 (71.7 %) 92
Total 54 159 213

Table V. Ranks associating total number of medications and type of parenteral nutrition
used by critically ill individuals. Brasilia, 2010-16

Type of parental nutrition n Mean Rank Sum of ranks
Standard TPN 121 121.57 14,710.50
Total number of medications Custom-made TPN 92 87.83 8,080.50
Total 213
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A higher number of deaths was observed in the individuals
who received standard parenteral nutrition. In 2014, when the
custom-made TPN started being used, there was a 5 % decrease
in mortality. Despite this difference, the chi-squared test did not
show any association between type of nutrition and outcome
(p-value = 0.395). Figure 2 shows the number of diagnoses and
the outcome (discharge/transfer or death) in individuals, and a
higher number of deaths was observed in individuals with more
diagnoses.

Figure 3 shows that the total number of medications was lower
when custom-made parenteral nutrition began to be supplied by
an outsourced company.
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Figure 2.

Boxplot chart showing number of diagnoses and outcome in critically ill individuals.
Brasilia, 2010-16.
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Figure 3.

Boxplot chart displaying total number of medications and parenteral nutrition type
in critically ill individuals. Brasilia, 2010-16.
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DISCUSSION

If patients are to avoid complications resulting from the use of
parenteral nutrition, its provision has to be a central element of
the care provided by the entire multiprofessional team. In order
to be able to prevent or mitigate the effects of PN therapy, it is
important to know the patient’s clinical situation, the risks and
benefits posed by PN, and what possible complications may occur.

The present study showed a prevalence of patients under 60
years of age (57 %) with a mean = standard deviation age ranging
from 50 + 2 years in 2011 up to a maximum mean of 63 + 2
years in 2014. There is no significant correlation between age
and number of diagnoses or hospital length of stay. The older the
patient, the greater the number of drugs administered tended to
be. Corroborating this study, the literature presents a mean age
ranging from 54 to 65 years in the patients who receive TPN
(14-18).

It was found that the majority of participants in the present study
were male, a profile similar to that of other studies (14,16,17);
only in one study were most participants female (52 %) (15).

A higher number of diagnoses was directly associated with
longer hospital length of stay; the patients who died had been
diagnosed with a higher number of comorbidities.

This difference between groups was also significant (p-val-
ue < 0.000). Only one study carried out a survey of the diagno-
ses of patients receiving TPN, with enterocutaneous fistula being
found in 31 %, in addition to short bowel syndrome, pancreatic
fistula, and sepsis, among others (15). Thus, it may be observed
that gastrointestinal disorders are the main factor responsible for
the use of parenteral nutrition.

The most frequent hospital length of stay found in this study
was 11 to 15 days, observed in 17.4 % of the individuals includ-
ed in the study, with a mean that varied according to the year
in which the study was undertaken, with the lowest mean of
12 days in 2016 and the highest mean of 17 days in 2013.
The literature shows greater variations regarding hospital length
of stay when compared to the present study, ranging from 28
days (16), 29.3 + 10.6 days of hospitalization (17), to a mean
hospital length of stay of 42.2 days (14). The statistical analy-
sis of the present study showed that the higher the number of
medications, the longer the hospital length of stay tended to be
(p-value < 0.000).

Approximately three quarters of the individuals included in the
study died, thus representing 75 % of deaths and 25 % of dis-
charges. Student’s t test showed there was no significant differ-
ence between age and outcome. The literature assessed shows a
much lower death rate than that found in this study, such as 9.6 %
of deaths (16), up to a total mortality rate of 16.9 % (17). There
have been no studies that analyzed patient outcome (discharge,
death or transfer) with TPN use.

Several surgical and some clinical pathologies were the reasons
for TPN indication and, in this study, the most common indication
was abdominal surgery, followed by intolerance to enteral nutrition
and peritonitis. Other studies corroborate abdominal surgery as
the main indication for parenteral nutrition (14,18), in addition to
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indications such as gastrointestinal tract alterations or obstruction
(16), and short bowel syndrome in 68 % of cases (19).

In 80.3 % of cases, the access route used for TPN infusion
was the subclavian vein; the internal jugular vein was used in 27
(12.7 %), and the least commonly used route was the femoral
vein, in 15 (7 %) of the study subjects. The literature shows dif-
ferent results, with a predominance of central venous access in
the internal jugular vein, with the subclavian vein being used less
often (10,14,17-20).

Central venous catheter location is a risk factor for catheter-re-
lated bloodstream infections in patients receiving TPN (14,20), and
studies have shown that the use of the jugular vein was a risk factor
for the development of infections (10,18,19). Catheter use duration
also influences the development of central venous catheter-related
bloodstream infections in patients receiving TPN (15,18).

The type of catheter used in all patients in this study was the
double lumen type. In the study by O’Connor (2013), the triple
lumen catheter was the most frequently used type in 69 %, fol-
lowed by the double lumen type in 20 %. Another study showed
that the double lumen catheter was the one used most often, in
42 % of cases (18).

Central venous catheters are crucial in the treatment of critically
ill individuals, as they are used in different ICU scenarios with
several indications for their use, such as medication administra-
tion, procedures such as hemodialysis, and even hemodynamic
monitoring (7).

In the case of individuals with electrolyte or metabolic disor-
ders, and of those with glycemic disorders, there was a statistical
correlation with the outcome of death. Likewise, all patients who
were hemodynamically unstable also died. The fact that a patient
was anuric or undergoing hemodialysis or had a central venous
access-related secondary infection was associated with a higher
probability of death, but the association was not significant. No
study was found that assessed patient status at the time of TPN
prescription.

The analysis of a patient’s clinical situation when parenteral
nutrition is prescribed should be undertaken by a multidisciplinary
team involving physicians, nurses, nutritionists and pharmacists,
so that a broad analysis of the case can be carried out and the
prescription can benefit the patient (7).

Complications that may occur due to the use of TPN include
electrolyte alterations, changes in hydration, and hyperglycemia,
which are classified as metabolic complications. Among the most
severe complications are hepatic steatosis, cholestasis, gall-
stones, and even changes in bone metabolism (7). The present
study found no evidence of metabolic complications caused by
TPN use in terms of severe electrolyte or metabolic disorders,
hypertriglyceridemia, hepatic steatosis, or cholestasis.

Regarding glycemic disorders (hyperglycemia, hypoglycemia,
or both), these were identified in 69 % of the individuals included
in the study throughout the period of TPN use. The presence of a
glycemic disorder had a statistical correlation with the outcome
of death (p-value < 0.000).

When hyperglycemia occurs in critically ill individuals, it can
aggravate the clinical picture and lead to severe infections,
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organ and system dysfunctions, and even death (7,21). Because
TPN involves a glucose-rich medium, it can lead to persistent
hyperglycemia. As a result, it becomes a favorable medium for
microorganism growth and the development of infections in these
patients (16).

Central venous access-related secondary infection was found
in 7 % of cases, a lower rate than that found in the literature, with
positive blood cultures (catheter-related bloodstream infections)
showing results ranging from 11.2 % (10) to 12 % (20), 14.2 %
(14),19 % (15), and 21.4 % (7), reaching an incidence of 56 %
(19). There is evidence that one in every six patients who received
TPN developed a bloodstream infection (16). Infectious compli-
cations are responsible for a mortality rate ranging from 20 % to
35 %, a hospital length of stay prolonged by around 7 days, and
an increase in costs related to hospitalization (20).

As for the medications prescribed to the patients receiving TPN,
3,156 drugs were prescribed, with those for the digestive tract and
metabolism being the most frequent ones with 31.62 % of pre-
scriptions. Individuals who died were prescribed a greater number
of medications when compared to those who were discharged. A
p-value < 0.000 was found in the correlation between number of
diagnoses and death. It was observed that death occurred more
frequently in individuals receiving a higher number of medications.

Mortality decreased when custom-made TPN was used,
although there was no statistical association between type of
nutrition and outcome (p-value = 0.395). The use of custom-made
TPN was also associated with a reduction in the total number of
medications. When TPN is used with multi-chamber bags, the
chances of metabolic complications, infections, and administration
errors increase, due to an increase in the manipulation of the
intravenous system (21). The literature search showed that no
studies assessing the type of parenteral nutrition that would be
best for patients (custom-made or standard type) had been carried
out without the support of the pharmaceutical industry.

As limitations, this study had a low number of participants
despite taking place over a six-year period, as the study ICU main-
ly treats patients with conditions related to internal medicine, sur-
gical patients being a minority. The low number of studies on the
same topic did not allow a broader discussion of the results found.

CONCLUSION

This study assessed the conditions and clinical course of
patients receiving parenteral nutrition in an intensive care unit.
The number of patients who died was high, at three quarters of
the individuals studied; the most commonly found site of central
venous access was the subclavian vein, which in the literature has
been shown to pose fewer infection risks than the jugular vein.
Although the literature shows that the most common complication
is bloodstream infection related to the use of a central venous
access for TPN infusion, this study found that the most com-
mon complications related to the use of parenteral nutrition were
glycemic disorders, followed by infections related to the central
venous catheter. Glycemic control was shown to be important in
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this profile of patients, as high blood glucose levels increase the
likelihood of the development of microorganisms responsible for
infections and even organ failure—for which reason this is an
important factor in worsening mortality rates.

The most commonly used medications are related to the gastro-
intestinal tract, as these treat disorders that are common among
patients who receive parenteral nutrition. These patients are pre-
scribed, on average, more than ten medications, reflecting the
polypharmacy to which these patients are exposed. The number
of medications and medical diagnoses associated with the patient
influence hospital length of stay. There was also an association
between the number of patients who died and the number of
medications used. Regarding the type of parenteral nutrition used,
a higher proportion of deaths was observed in patients receiving
standard parenteral nutrition (76.9 %), and when custom-made
parenteral nutrition started being used in 2014 mortality rates
decreased (71.7 %). Although a small improvement in mortality
was found in this study, there is no definite statistical evidence
that it was the result of administering bespoke TPN rather than
standard feeding regimens, given that the chi-squared test did
not show any association between type of nutrition and outcome
(p-value = 0.395). Custom-made parenteral nutrition showed
benefits to the patients, as the number of medications used by
them was found to have decreased among those receiving cus-
tom-made parenteral nutrition.

A deeper understanding of patient progress and of the risks
faced by patients receiving parenteral nutrition may allow the
development of evidence-based clinical protocols for the entire
multidisciplinary team, so that necessary measures may be imple-
mented for the benefit of patients.
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Resumen

Introduccion: la nutricion parenteral domiciliaria (NPD) es una técnica que permite incrementar la supervivencia de los pacientes con fallo
intestinal.

Objetivos: estudiar la evolucion de la NPD en los dltimos 8 afios en nuestro centro.

Métodos: estudio retrospectivo de pacientes adultos con NPD entre 2011y 2019. Las variables se expresan como frecuencias y media = DE
(rango). Se realizaron pruebas paramétricas, no paramétricas y andlisis de la supervivencia (p < 0,05).

Resultados: el uso de NPD mostrd un sustancial incremento (hasta un 154 %). Un total de 76 pacientes recibieron NPD, el 76,32 % tenian
patologia oncoldgica y, en consecuencia, la principal indicacion fue la obstruccion intestinal (56,58 %). La duracion media fue de 11,12 + 23,38
meses (0,17-139,17). El 44,74 % experimentaron una o varias complicaciones, siendo las principales la bacteriemia relacionada con el catéter
(BRC) (27,63 %) y las metabolicas (40,79 %), fundamentalmente de tipo hepatico. La tasa de BRC fue de 2,25/1000 dias de NPD. La principal
causa de muerte fue la enfermedad de base. La supervivencia global en caso de patologia benigna a los 1, 3 y 5 afios fue del 65,5 %, 53,6 %

Palabras clave: y 40,2 %, respectivamente. En caso de patologia maligna, la supervivencia global a los 3 meses fue del 55,1 %, a los 6 meses del 28,7 %, y
L al afio del 19,1 %.
Nutricién parenteral . . o , L ’
domiciliaria. Conclusiones: la enfermedad oncoldgica fue la principal patologia que motivo la indicacion en nuestro centro. Es la patologia de base la que
Fallo intestinal. determina el pronostico, 1o que debe tenerse en cuenta en la seleccion de pacientes. La tasa de BRC obtenida es susceptible de mejora, por lo
Supervivencia. que es fundamental reforzar la educacion sanitaria y la técnica correcta.
Abstract

Background: home parenteral nutrition (HPN) is a technique that allows increasing the survival of patients with intestinal failure.
Aim: to study the evolution of home parenteral nutrition over the last 8 years in our center.

Methods: a retrospective study of adult patients receiving HPN between 2011 and 2019. Study variables are expressed as frequency and
mean =+ SD (range). Parametric, non-parametric tests, and a survival analysis (p < 0.05) were applied.

Results: the use of HPN showed a substantial increase (up to 154 %). A total of 76 patients received HPN, 76.32 % had an oncological pathology,
and consequently the main indication was intestinal obstruction (56.58 %). Average duration was 11.12 + 23.38 months (0.17-139.17). In all,
44.74 % experienced one or several complications, primarily catheter-related bacteremia (CRB) (27.63 %), and metabolic disorders (40.79 %),
mainly of hepatic type. CRB rate was 2.25/1,000 days of HPN. The main cause of death was the underlying disease. Overall survival in case of
benign conditions at 1, 3, and 5 years was 65.5 %, 53.6 %, and 40.2 %, respectively. In case of malignancy overall survival at 3 months was

Keywords: 55.1 %, at 6 months 28.7 %, and at 1 years 19.1 %.

Home parenteral Conclusions: oncological disease was the primary condition that led to an indication in our center. It is the underlying pathology what determines
nutrition. Intestinal prognosis, which must be taken into account at the time of selecting patients. The BRC rate obtained is susceptible to improvement, so it is
failure. Survival. essential that health education and a correct technique be encouraged.
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INTRODUCCION

MATERIAL Y METODOS

La nutricion parenteral domiciliaria (NPD) consiste en la admi-
nistracion de nutrientes a través de un acceso venoso de larga
duracién en aquellas situaciones en las que no es posible el uso
de la nutricion por via oral/enteral o esta es insuficiente, todo
ello en el propio domicilio del paciente. De esta forma se logra
incrementar la supervivencia a largo plazo de los pacientes con
fallo intestinal que precisan nutrirse por via parenteral, reduciendo
a la vez la estancia hospitalaria y, por tanto, los costes y com-
plicaciones asociados al tiempo que aumenta la calidad de vida
del enfermo (1). La administracion de NPD puede ser temporal o
permanente, dependiendo de la patologia primaria o la longitud
del intestino remanente.

Esta técnica de soporte nutricional especializado supone
un proceso de logistica complejo donde intervienen un equipo
multidisciplinar especializado, el propio paciente y su familia
(2). Ademas, aunque se considera una terapia segura y efi-
ciente, puede presentar una serie de complicaciones impor-
tantes, clasificadas clasicamente en mecanicas, infecciosas
y metabalicas (3).

Las patologias que pueden conducir a un fallo intestinal son
diversas y, en general, pueden dividirse en oncoldgicas y no
oncologicas. El fallo intestinal por sindrome del intestino corto
(SIC), por su prevalencia, se considera una enfermedad poco
frecuente (4). Estas indicaciones, asi como la prevalencia y las
complicaciones, han ido variando a lo largo de los afios y asi, por
ejemplo, se ha evidenciado un claro aumento de la prevalencia
en los diferentes registros y estudios desde los inicios de esta
técnica (1,5-7).

En el afio 1992 se crea el grupo de Nutricion Artificial Domi-
ciliaria y Ambulatoria (NADYA) de la Sociedad Espariola de Nutri-
cion Clinica y Metabolismo (SENPE), con el objetivo de crear y
mantener un registro de pacientes tratados con nutricion artifi-
cial domiciliaria, tanto enteral como parenteral. Este registro se
elabora a partir de los datos comunicados de manera voluntaria
por los profesionales dedicados a la NPD y ha permitido obtener
informacion sobre prevalencias y complicaciones. Segun sus
ultimos datos publicados, la prevalencia se situaria en 6,61
pacientes/millon de habitantes en el afio 2017 (8). Sin embargo,
a tenor de la comparacion con los datos de otros estudios y
debido al cardcter voluntario, parece que estos datos podrian
estar afectados por un sesgo de seleccion que nos haria dudar
de su fiabilidad (9).

Si bien la indicacion mas aceptada de la NPD es la del fallo
intestinal sin enfermedad maligna de base, en los Ultimos afios ha
habido un incremento del ndmero de pacientes con enfermedad
oncoldgica avanzada. Asi, los datos obtenidos por el grupo NADYA
muestran que la NPD en el paciente oncoldgico en Espafia ha
tenido una evolucion ascendente segun los datos publicados por
dicho grupo (8).

Este estudio surge con el objetivo de analizar la evolucion de
la NPD en los ultimos afios en nuestro centro mediante un ana-
lisis de la prevalencia, las indicaciones, las complicaciones y los
resultados asociados a la NPD.

[Nutr Hosp 2020;37(4):654-659]

COHORTE DE ESTUDIO

Este fue un estudio longitudinal retrospectivo en el que se
incluyeron todos los pacientes adultos (mayores de 18 afos) que
recibieron NPD en los dltimos ocho afios (desde enero de 2011
hasta diciembre de 2018) en un hospital regional universitario.
Se considerd como criterio de exclusion el no disponer de datos
clinicos suficientes.

RECOGIDA DE DATOS

Se revisaron los registros de los pacientes en los programas
informaticos empleados en el area de nutricion del Servicio de Far-
macia (Multicomp® y Kabisoft®), asi como los datos recogidos por
parte de la Unidad de Endocrinologia y Nutricion para la elaboracion
del informe NADYA-SENPE. Ademas se consulto la historia clinica
digital de cada uno de los pacientes. La base de datos se elabord
empleando el programa Microsoft Office Excel 2010%. Se cumplid
en todo momento con la Ley Organica 3/2018 de Proteccion de
Datos Personales y garantia de los derechos digitales, asi como con
el Reglamento (UE) 2016/679 del parlamento europeo y del Consejo.

VARIABLES MEDIDAS

Las variables registradas fueron: sexo, fecha de nacimiento,
edad al inicio de la NPD, patologia de base, indicacion de la
nutricion parenteral, tipo de acceso venoso, método y pauta de
administracion, fecha de inicio y fecha de fin de la NPD, motivo
de la suspension, tipo de nutricion parenteral (personalizada o
estandarizada), complicaciones de la NPD, tratamiento concomi-
tante con tedeglutida (si/no) y fecha y causa del fallecimiento del
paciente, si procediese.

Los pacientes se agruparon en funcion de su patologia primaria,
que se dividio en oncoldgica y no oncoldgica. La principal indica-
cion de la NPD se definié como el fallo intestinal de los pacientes,
que hacia necesario su empleo. En caso de presentar mas de una
indicacion de NPD, el paciente se clasificd en “varias indicaciones”.

Con el objetivo de analizar el uso de los diferentes tipos de
nutricion parenteral, las nutriciones se clasificaron en funcion
de si se trataba de una nutricion parenteral personalizada (aquella
elaborada desde sus componentes en el servicio de farmacia) o
de una nutricion parenteral estandarizada (nutriciones comercia-
les tricamerales a las que se afadieron vitaminas, oligoelementos
y fdrmacos como la insulina).

El tipo de catéter venoso central (CVC) se clasifico de la siguien-
te forma: catéteres centrales de insercion periférica de larga dura-
cion (PICC en terminologia anglosajona), catéteres tunelizados
(Hickman®, Broviac®, etc.) o catéteres implantados (reservorios
subcutaneos).

Respecto a las complicaciones, se registraron todas aquellas
documentadas en la historia clinica y se clasificaron en funcion
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de su tipologia en bacteriemias relacionadas con el catéter (BRC),
complicaciones metabdlicas y complicaciones mecanicas (2). Las
BRC se definieron con el nimero de BRC que presentd el paciente
durante el periodo de estudio, y se dividieron en dos subgru-
pos: < 5 episodios 0 > 5 episodios. El diagndstico de las BRC se
baso en el aislamiento microbiologico en hemocultivos o cultivos
del catéter. Para la determinacion de las complicaciones meta-
bélicas se respaldd el diagndstico de las mismas en la revision
de las distintas analiticas disponibles y de la historia clinica. Por
ultimo, las complicaciones mecanicas se diagnosticaron a través
de distintas pruebas de imagen y del criterio médico.

A la hora de analizar la supervivencia global de los pacientes,
estos se dividieron en funcién de su patologia de base en onco-
l6gicos 0 no oncoldgicos. En los no oncoldgicos, la supervivencia
se evalud a los 1, 3 y 5 afios, mientras que en los pacientes
oncoldgicos se midio a los 3,6y 12 meses.

ANALISIS ESTADISTICO

Para el analisis descriptivo, las variables cuantitativas continuas
se expresaron como medias con desviacion estandar y rango.
Las variables cualitativas se expresaron mediante frecuencias y
poblacion total. El andlisis descriptivo se realiz con el total de los
pacientes y con todas las variables incluidas en el estudio. Las
comparaciones se realizaron mediante la prueba “t” para los valores
continuos y la prueba del chi cuadrado para los valores categori-
cos. Para calcular la probabilidad de desarrollar complicaciones en
funcion de la duracion de la NPD se empled la U de Mann-Whitney.

Para analizar la supervivencia se efectud una curva de Kaplan-
Meier y se empled la prueba del rango logaritmico para identifi-
car diferencias significativas entre los pacientes con patologia no
oncoldgica y los pacientes con patologia oncoldgica (se conside-
raron significativos los valores de p < 0,05).

Para el analisis de los datos se empled el software estadisti-
co R®,

RESULTADOS

La evolucion del uso de la NPD a lo largo de los ocho afios de
estudio mostré un sustancial aumento (Fig. 1), especialmente a
partir del afio 2014, llegando a alcanzarse un incremento de hasta
el 154 %.

Todas las nutriciones parenterales fueron elaboradas y distri-
buidas por el servicio de farmacia del centro. Durante este tiempo,
para todo el programa de NPD (que incluia 8 pacientes pedia-
tricos), se elaboraron un total de 18.826 NPD, representando el
76,29 % las formulas personalizadas frente al 23,71 % restante,
formado por las estandarizadas. En 2011, la prescripcion de NP
estandarizadas representaba un 2,37 % del total, mientras que
en 2018 constituia el 22 %, logrando un incremento de 19 puntos
porcentuales. Las NPD personalizadas se prepararon utilizando la
emulsion lipidica Smoflipid® (aceite de soja refinado, triglicéridos
de cadena media, aceite de oliva refinado y aceite de pescado).

M. Mejias Trueba et al.
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Figura 1.
Evolucion del nimero de pacientes con NPD.

CARACTERISTICAS DE LOS PACIENTES

Durante el periodo de estudio, un total de 76 pacientes recibie-
ron NPD. EI 68,40 % fueron mujeres y la edad de inicio se distri-
buyd en torno a una media de 54,47 = 11,60 afios (18,63,81-83).
No se excluyo a ninguin paciente por falta de datos.

Las principales patologias e indicaciones se encuentran reco-
gidas en la tabla |. Cabe destacar que uno de los pacientes que

Tabla I. Patologias e indicaciones

de la NPD
Patologias
Oncologicas: 76,32 % (n = 58)
Céncer de ovario 23,68 % (n=18)
Cancer de colon/recto/sigma 23,68 % (n=18)
Céncer de pancreas 6,58 % (n=5)
Cancer gastrico 13,17 % (n=10)
Otros 921 % (n=7)
No oncologicas: 23,68 % (n=18)
Enfermedad de Crohn 5,26 % (n = 4)
Enfermedades isquémicas 7,89 % (n = 6)
Peritonitis 2,63% (n=2)
Reseccion intestinal masiva 2,63% (n=2)
Sindrome de malabsorcion 263% (n=2)
Linfangiectasia intestinal 1,32% (n=1)
Inmunodeficiencia comun variable 1,32% (n=1)
Indicaciones
Obstruccion intestinal 56,58 % (n = 43)
Sindrome del intestino corto 22,37 % (n=17)
Fistulas 7,89 % (n=06)
Sindrome emético 3,95% (n=23)
Desnutricion/deshidratacion 3,95% (n=23)
Enteropatia 1,32% (n=1)
Varias indicaciones 3,95 % (n=3)

[Nutr Hosp 2020;37(4):654-659)]
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estaba en tratamiento con NPD padecia enfermedad de Crohn
y ademas una enfermedad oncoldgica, pero se le incluyo en el
primer grupo por ser dicha patologia la principal causa de la
indicacion de la NPD.

Tres pacientes se categorizaron en “varias indicaciones” en el
analisis estadistico. De esos tres, dos presentaban obstruccion
intestinal junto con fistulas, y el restante, obstruccion intestinal
y SIC.

La duracion media de la NPD por paciente fue de 11,12 + 23,38
meses (0,17-139,17). De los 58 pacientes adultos que presen-
taban patologia de base oncoldgica, 48 (82,75 %) recibieron
NPD por un tiempo superior a un mes. En el grupo de pacientes
oncoldgicos la duracion media de la NPD fue de 7,88 = 18,59
meses (0,17-96,23).

Respecto al tratamiento concomitante con tedeglutida, ninguno
de nuestros pacientes recibid este farmaco durante el periodo
de estudio.

TIPO DE CATETER Y FORMA
DE ADMINISTRACION DE LA NPD

En el 88,16 % de los pacientes (n = 67) la administracion de la
nutricion fue ciclica, mientras que en el 11,84 % restante (n = 9)
la administracion tuvo que ser continua, fundamentalmente por
presentar obstruccion intestinal completa con necesidad de aspi-
racion gastrica. Un 89,47 % de los pacientes recibieron la NPD de
forma diaria. Del resto, un 9,21 % la recibieron en dias alternos
y un 1,31 % durante 5 dias a la semana.

En cuanto al tipo de acceso venoso empleado, en el 32,89 %
de los pacientes (n = 25) este fue de tipo PICC y en el 52,63 %
(n = 40) se utilizaron catéteres tunelizados o implantados de larga
duracion. Respecto a estos ultimos, el 13,16 % (n = 10) eran
tunelizados (todos ellos de tipo Hickman®) y el 39,47 % (n = 30)
restante reservorios subcutaneos. En el 14,47 % (n = 11) de los
pacientes se emplearon distintos tipos de catéteres a lo largo del
tratamiento con NPD.

COMPLICACIONES ASOCIADAS A LA NPD

La distribucion de las complicaciones se recoge en la tabla II.
Del total de la poblacion, un 55,26 % (n = 42) no presentd nin-
gun tipo de complicacion asociada a la NPD, mientras que el
otro 44,74 % (n = 34) experimentd una o varias complicaciones
asociadas al tratamiento.

El nimero total de episodios de bacteriemia relacionados con
el catéter (BRC) fue de 57, que corresponde a una tasa de com-
plicaciones infecciosas de 2,25/1.000 dias de NPD. Del total, el
72,37 % (n = 55) no tuvo ningun diagnostico de BRC.

La duracion media con NPD en aquellos pacientes que
desarrollaron alteraciones hepaticas, fundamentalmente hiper-
transaminasemia, fue de 19,17 + 24,78 meses. Los pacien-
tes que experimentaron BRC tuvieron una duracion media de
25,5 = 35,96 meses, encontrandose una relacion positiva con

[Nutr Hosp 2020;37(4):654-659]

Tabla Il. Incidencia de complicaciones

por NPD
Complicaciones
BRC 27,63 % (n=21)
— < 5 episodios 18,42 % (n = 14)
— > 5 episodios 921% (n=7)
Mecénicas 6,58 % (n=15)
Metabdlicas 40,79 % (n = 31)
— Hepaticas 21,05 % (n=16)
— Osteoporosis 263% (=2
— Hiper/hipoglucemias 1579% (n=12)
— Hipertrigliceridemia 1.32% (n=1)

diferencia significativa en la probabilidad de desarrollar dicha
complicacion en funcién de la duracion de la NPD.

EVOLUCION CLINICA Y ANALISIS
DE SUPERVIVENCIA

En relacion a la variable supervivencia, con fecha de 31 de
marzo de 2019 (dia en que tuvo lugar la finalizacion de la recogida
de datos), un total de 55 pacientes (72,37 %) habian fallecido.

De los 55 pacientes que habian fallecido al finalizar el estudio,
9 presentaban una patologia de base no oncoldgica (16,36 %) y
los 46 restantes una patologia oncoldgica avanzada (83,64 %).
De esta forma, el padecer cancer supone un valor de OR = 3,83.
La figura 2 muestra la curva de supervivencia de los pacientes
incluidos.

La supervivencia global de los pacientes con patologia benigna
alos 1, 3y 5 afios fue del 65,5 %, 53,6 % y 40,2 %, respec-
tivamente. En cuanto a los pacientes con patologia maligna, la
supervivencia global a los 3 meses fue del 55,1 %, a los 6 meses
del 28,7 %y al afo del 19,1 %.

Tras el andlisis conjunto de los resultados, se puede determinar
que existen diferencias significativas en cuanto a supervivencia
entre los pacientes oncoldgicos y 1os no oncoldgicos (p = 0,001).

De los 55 pacientes que fallecieron, el 87,27 % (n = 48) de los
casos lo hicieron como consecuencia de su patologia de base,
el 5,45 % (n = 3) debido a neumonia o parada respiratoria y el
1,82 % (n = 1) debido a alguna neoplasia no relacionada con su
enfermedad de base; en el 5,45 % (n = 3) de los casos no se
encontro registrada la causa del fallecimiento.

En cuanto a los motivos de la finalizacion de la NPD en la pobla-
cion estudiada, el principal fue por fallecimiento de los pacientes,
constituyendo el 83,33 % (n = 55). El segundo motivo de fina-
lizacion fue la mejoria del estado general o la resolucion de los
sintomas, con un valor del 6,06 % (n = 4), seguido por un 4,55 %
(n = 3) de los pacientes, a los que se les realizd una recons-
truccion quirdrgica del transito o una ileostomia, y un 1,52 %
(n = 1), que consiguid tolerar la via oral. Por tanto, el grupo de
pacientes que lograron la conversion a la via oral o enteral estaria
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Figura 2.

Curva de supervivencia de los pacientes.

constituido por la suma de las tres Ultimas razones, lo que se
traduce en un valor del 12,13 %. El 4,55 % (n = 3) de los casos
fueron pacientes que se trasladaron de hospital, por lo que se
perdio su seguimiento.

DISCUSION

El centro hospitalario en el que se ha llevado a cabo el estudio
constituye uno de los hospitales con mayor nimero de pacientes
en tratamiento con NPD a nivel nacional, por lo que consideramos
que los resultados obtenidos podrian ser extrapolables a otros
hospitales espafoles y permitirian, a su vez, comparar el perfil de
nuestros pacientes con los del resto de los estudios publicados
recientemente en diferentes paises.

Es cierto que el nimero de pacientes incluidos (n = 76) no
es excesivamente grande si se compara con el de otros estu-
dios que aportan 545 (10), 125 (11) 0 508 (12), pero es una
cifra resefiable, teniendo en cuenta que nuestro estudio solo ha
incorporado a los pacientes adultos en tratamiento durante los
ultimos ocho afos.

La NPD comenz0 a usarse en nuestro centro en el afio 1994,
aunque la inclusion de pacientes era reducida, alrededor de 2 0 3
al afo hasta 2008, habiendo un primer salto cuantitativo a partir
de ese afio y, posteriormente, otro en torno al afio 2014. Este
gran incremento observado en el uso de la NPD podria atribuirse
a los avances médico-quirurgicos, especialmente en el campo

de la patologia oncoldgica, y al desarrollo de la hospitalizacion
domiciliaria en los Ultimos afios.

En relacion con las variables demogréaficas, la edad de inicio
(54,5 afios) tiene un valor muy similar a la calculada en otros
estudios semejantes: 55,5y 53,9 afos (13,12). Asi mismo, la
proporcion de hombres y de mujeres se asemeja mucho a la del
estudio espariol realizado en el 2014 (14).

Es destacable que la mayoria de nuestros pacientes
(76,32 %) presentan una patologia de base oncoldgica, funda-
mentalmente cancer de ovario y colorrectal, y una minoria tienen
alguna enfermedad benigna, dentro de la cual existe una gran
variabilidad sin distinguirse ninguna como mayoritaria (Crohn,
enfermedades isquémicas, afectaciones anatémicas, etc.). En
consecuencia, la principal indicacion encontrada de la NPD es
la obstruccion intestinal con una cifra del 56,58 %, puesto que
es muy frecuente que oS pacientes oncologicos desarrollen
dicha complicacion.

Comparando los porcentajes de pacientes no oncoldgicos y
oncoldgicos con lo descrito en otras publicaciones, tan solo el
estudio realizado por Spiliotis y cols. (13) presenta una distri-
bucion similar a la nuestra, siendo lo predominante una mayor
proporcion de pacientes no oncoldgicos (10,12,15,16), o por-
centajes similares entre ambas patologias (11,14). Este hecho
realza la necesidad de estandarizar los criterios de prescripcion
de NPD para lograr que esta técnica llegue de manera igualitaria
a todos los pacientes. En nuestro caso, la inclusion de un paciente
oncoldgico en el programa de NPD es revisada por la Unidad de

[Nutr Hosp 2020;37(4):654-659)]



NUESTRA EXPERIENCIA DE OCHO AROS EN NUTRICION PARENTERAL DOMICILIARIA DE PACIENTES ADULTOS 659

Endocrinologia y Nutricidn, debiendo cumplir una serie de crite-
rios minimos en relacion a la expectativa de vida o al soporte de
familiares o allegados, entre otros.

En cuanto a las complicaciones desarrolladas, las principales
fueron la BRC (27,63 %) y las metabdlicas (40,79 %), concreta-
mente las de tipo hepatico, generalmente hipertransaminasemia
(21,05 %), ampliamente estudiada en estos pacientes. Es cierto
que algunos estudios aportan la incidencia de complicaciones
metabdlicas obtenidas en sus cohortes de pacientes, pero en
numerosas ocasiones no se especifican los subtipos que estas
comprenden, por lo que es dificil comparar estos resultados sin
tener claro si solo se incluyen las de tipo hepatico o si se engloban
las mismas que hemos recogido nosotros. La tasa de BRC de
nuestro estudio (2,25/1.000 dias de NPD) es similar a la recogi-
da en otra publicacion con caracteristicas parecidas y realizada
en nuestro pais (14); sin embargo, es algo superior a los datos
reportados en otros paises (17). Esto podria deberse a que un alto
nimero de esos procesos infecciosos (n = 17) se concentraron
en dos pacientes, lo que probablemente indica un cuidado y un
mantenimiento deficientes en relacion con la técnica de la NPD.
Dada la tasa de BRC obtenida, consideramos fundamental conti-
nuar reforzando la educacion sanitaria y la correcta técnica para
asi disminuir esta complicacion.

Abordando los resultados obtenidos sobre la supervivencia
global, como se ha comentado con anterioridad, se analizaron
por separado los pacientes oncoldgicos y 10s no oncoldgicos, ya
que esta comprobado que la supervivencia se encuentra estre-
chamente relacionada con la patologia de base que presentan
los sujetos. De este modo, la supervivencia global al afo de los
pacientes con patologias malignas fue del 19,1 %, valor con-
siderablemente mas elevado que el calculado en el estudio de
Vafay cols. (11), realizado en Bélgica. Este hecho podria deberse
a que los criterios de indicacion de la NPD son distintos en los
diferentes paises. Por otro lado, la supervivencia global de los
pacientes con patologia benigna se calculé en distintos tiempos
(1, 3y 5 afos) pero no se pudo analizar a los 10, como se hace
en otras publicaciones similares, debido a que la duracion del
estudio ha sido inferior.

La principal fortaleza de nuestro estudio es que nuestro tamafo
muestral es bastante elevado, teniendo en cuenta que solo se
han incluido los ocho ultimos afios. En cuanto a las principales
limitaciones, estas son aquellas que son propias de un estudio
retrospectivo, como los posibles sesgos de seleccion a la hora de
incluir a los pacientes, la calidad de los registros (historia clinica)
y la imposibilidad de obtener determinadas variables debido al
disefio como, por ejemplo, la supervivencia a los 10 afios.

[Nutr Hosp 2020;37(4):654-659]
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Feasibility, safety and outcome of endoscopic gastrostomy in patients with esophageal
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Viabilidad, sequridad y resultado de la gastrostomia endoscdopica en pacientes con cancer de
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Abstract

Background and aims: esophageal cancer (EC) is an important health problem worldwide with high morbidity and mortality. EC patients are
likely to develop malnutrition. The aim of this study was to assess the feasibility and safety of endoscopic gastrostomy (PEG) feeding in EC cancer,
and to identify risk factors associated with poor prognosis.

Methods: a retrospective observational study was performed using records from EC patients referred for PEG. Age, gender, cancer histologic
subtype, indication for gastrostomy, and mortality data were recorded. NRS 2002, body mass index (BMI), hemoglobin, serum albumin, transferrin
and total cholesterol were collected at the day of PEG. An association between anthropometric, clinical and laboratorial data with patient survival
was assessed.

Results: data were obtained for forty-one EC patients (36 men and 5 women) aged 39-88 years (mean, 62 years). Gastrostomy was possible in
all patients referred to PEG (27 patients selected for curative treatment and 14 patients for palliative nutrition). No major complications occurred.
Mean survival after PEG was 18.1 months, and mortality rate at 3 months was 31.7 %. Most patients (34; 82.9 %) died under PEG feeding. Mean

Keywords: BMI was 21.3 kg/m?and 14 patients (34.1 %) patients had low BMI. Serum albumin, transferrin and total cholesterol were low in 10 (24.4 %),
20 (48.8 %) and 18 (43.9 %) patients, respectively. Higher BMI (R = 0.30), serum albumin (R = 0.41) and transferrin (R = 0.47) tended to be
ESOphtagea' cancer. positively correlated with survival (p < 0.005).
ercutaneous
endoscopic Conclusions: PEG is a feasible and safe technique for enteral feeding in EC patients. Higher BMI, serum albumin and transferrin levels at admission
gastrostomy. predict a better outcome. Enteral feeding through PEG should be considered early in EC patients due to their higher risk of malnutrition, which
Nutritional support. is associated with shorter survival.
Resumen

Introduccion y objetivos: el cancer de esofago (EC) es un importante problema de salud en todo el mundo, con elevada morbilidad y mortali-
dad. Los pacientes con EC presentan una elevada probabilidad de desarrollar desnutricion. El objetivo de este estudio fue evaluar la viabilidad y
seguridad de la alimentacion por gastrostomia endoscopica (PEG) en los EC e identificar los factores de riesgo asociados con un peor pronostico.

Métodos: se realizo un estudio observacional retrospectivo utilizando registros de pacientes con EC remitidos para PEG. Se registraron la edad,
el género, el subtipo histoldgico del cancer, la indicacion de gastrostomia y los datos de mortalidad. EI NRS 2002, el indice de masa corporal
(IMC), la hemoglobina, la alblimina sérica, la transferrina y el colesterol total se recogieron el dia de la PEG. Se evalud la asociacion de los datos
antropométricos, clinicos y de laboratorio con la supervivencia del paciente.

Resultados: se obtuvieron datos de cuarenta y un pacientes con EC (36 hombres y 5 mujeres), con edades entre 39 y 88 afios (media 62 afios).
La gastrostomia fue posible en todos los pacientes remitidos a PEG (27 pacientes seleccionados para tratamiento curativo y 14 pacientes para
nutricién paliativa). No ocurrieron complicaciones mayores. La supervivencia media después de la PEG fue de 18,1 meses y la tasa de mortalidad
alos 3 meses fue del 31,7 %. La mayoria de los pacientes (34; 82,9 %) murieron bajo alimentacion con PEG. El IMC medio fue de 21.3 kg/m?

Palabras clave: y 14 pacientes (34,1 %) pacientes presentaron un IMC bajo. La albimina sérica, la transferrina y el colesterol total fueron bajos en 10 (24,4 %),
20 (48,8 %) y 18 (43,9 %) pacientes, respectivamente. El IMC alto (R = 0,30), la albimina sérica (R = 0,41) y la transferrina (R = 0,47) tienden

géntcertde esofago. a correlacionarse positivamente con la supervivencia (p < 0,005).

eﬁjgﬁ;&”;f Conclusiones: la PEG es una técnica factible y segura para la alimentacion enteral de los pacientes con EC. Los niveles mas altos de IMC,

percutdnea. Apoyo albimina sérica y transferrina al ingreso predicen un mejor resultado. La alimentacion enteral a través de PEG debe considerarse temprano en

nutricional. los pacientes con EC debido al mayor riesgo de desnutricion, que se asocia a una supervivencia mas corta.
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INTRODUCTION

Esophageal cancer (EC) is one of the most frequently reported
malignancies and the sixth leading cause of death from cancer
in the world (1). Unfortunately, EC has a poor prognosis with a
total 5-year overall survival rate of 18 %, and therefore there is
worldwide concern regarding its increasing incidence (2,3).

The primary therapy for EC is dependent upon tumor stage,
location, histological type, and patient medical condition. Cura-
tive therapeutic options include surgical resection of the primary
tumor, chemotherapy and radiotherapy. Frequently, it is useful to
combine therapies (4).

Efforts have been made to identify the main risk factors for EC
in order to perform the diagnosis in an early stage and decrease
mortality. However, a majority of patients are asymptomatic until
advanced stages of the disease, when EC is most frequently diag-
nosed. This precludes curative treatment and makes palliation the
only suitable option for most EC patients (5). For advanced tumors,
palliative treatment includes brachytherapy, chemotherapy, and
endoscopic palliation techniques such as esophageal dilatation,
intraluminal stents, laser therapy, photodynamic therapy, and
gastrostomy (4).

Dysphagia is the main symptom, either caused by obstruction or
by compromised oral intake during treatment (6). During therapy
most patients experience a worsening of dysphagia due to side
effects such as esophagitis and oral mucositis (4). Hence, patients
with EC are more likely to develop weight loss and malnutrition (7).
Besides the insufficient nutritional intake due to dysphagia, anorexia
and increased metabolic demands related to tumor burden also
play an important role in the deterioration of nutritional status (8).

Malnutrition has been recognized as an important prognostic
factor in cancer patients as it reduces quality of life, increases
treatment-related adverse events, and decreases overall survival
(7,9). Therefore, nutrition support is essential for EC management,
and enteral nutrition via percutaneous endoscopic gastrostomy
(PEG) may be important (8).

According to some recommendations (4,10,11), enteral tube
feeding of EC patients should be indicated in the following situations:

1. Patients undergoing chemotherapy or chemoradiation ther-
apy who are suffering from dysphagia.

2. Patients with upper esophageal stenosis (even if not severe)
who are candidate to curative treatment, because difficult
long-term oral intake is expected due to mucositis and
esophagitis during the treatment.

3. In palliative treatment, in patients with EC involving the
upper esophageal sphincter, or in proximal esophageal
tumors where stents are poorly tolerated.

4. Patients with refractory stenosis after a stent or palliative
radiation therapy, where endoscopic dilation has failed.

However, there is limited data regarding indications for PEG
feeding in EC patients. Most of the studies have examined the
usefulness of PEG for aerodigestive cancer (4,12,13), and there
are more reports of head and neck cancer patients than of esoph-
ageal cancer patients (14-17). This is clinically relevant because
the therapeutic alternatives are different.

[Nutr Hosp 2020;37(4):660-666]

Therefore, the present study aims to evaluate PEG feeding for
nutritional support in EC patients through a retrospective review
of the experience of our Artificial Feeding Team.

We intended to:

1. Demonstrate the feasibility and safety of PEG and its low

complication rate in EC patients.

2. Characterize the nutritional status of EC patients when they

are referred and undergo a gastrostomy procedure.

3. Assess the survival of PEG-fed, EC patients.

4. Evaluate the association of EC patient status when referred

for PEG with clinical outcome, in order to identify risk fac-
tors associated with poor prognosis.

MATERIALS AND METHODS

A single center, observational, longitudinal and retrospective
study was performed in a large hospital setting. This study was
approved by the ethics committee of our institution.

PATIENTS

A retrospective analysis of a prospectively collected database
was performed in consecutive patients with EC cancer that were
referred to the Artificial Feeding Team (GENE) of the Gastroenter-
ology Department at Hospital Garcia de Orta for 11 years (from
2008 until 2018), who underwent endoscopic gastrostomy to
improve nutritional support and were followed in the Artificial
Nutrition Qutpatient Clinic. All gastrostomies were performed
using a Pentax slim gastroscope with a 9.0-mm diameter.

All patients or their representatives were informed about the
PEG procedure and the feeding protocol evaluation, and gave
their informed consent. Patients underwent PEG after fasting for
12 hours. Antithrombotic therapy was managed according to
guidelines (18). Defects in coagulation were corrected prior to
the procedure. All patients had to be stable before PEG. Unstable
patients were refused or postponed.

Two gastroenterologists performed all procedures with patients
under deep sedation with propofol, midazolam, fentanyl, and/or
droperidol. During the procedure, oxygen saturation, heart rate,
and electrocardiographic signs were monitored. The “pull” method
was used in palliative patients. The “push” method with gastropexy
was applied routinely in patients undergoing curative treatment
in order to avoid ostomy metastasis. This approach avoids the
passage of the tube through the mouth, pharynx and esophagus,
allowing a safe procedure without risk of seeding cancer cells in
the gastrostomy tract (19,20).

The eligibility criterion for the study was a histologically con-
firmed carcinoma of the esophagus, regardless of histological
type.

The indications for gastrostomy were one of the following sit-
uations:

1. Dysphagia or malnutrition in patients selected for chemo-

therapy or chemoradiation therapy with curative intent.
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2. Stenosis of upper esophagus before chemotherapy or

chemoradiation therapy.

3. EC located in upper esophagus when stents are poorly tol-

erated, PEG being the definitive nutritional palliation.

4. Refractory stenosis after palliative radiation therapy or

stent.

The study’s exclusion criteria included patients with surgical
gastrostomy, where PEG was not feasible because of diaphanos-
copy of the stomach was not achieved or, most commonly, due to
complete obstruction that precluded gastroscopy.

NUTRITIONAL RISK SCREENING 2002

A NRS 2002 was performed in every patient as part of a sys-
tematic hospital routine.

ANTHROPOMETRIC EVALUATION

The anthropometric evaluation was performed using BMI and
MUAC on the day of the gastrostomy procedure or the day before.
Three consecutive MUAC measurements were obtained; the value
recorded in the clinical file represents the mean of those three
measurements.

— Body mass index (BMI): BMI was obtained in most patients
using the equation weight / height?. If patients were unable
to stand up for weight and height evaluation, BMI was esti-
mated using the mid-upper arm circumference (MUAC)
and regression equations described by Powell-Tuck and
Hennessy (21). This method has been previously used and
proven to provide a reliable BMI estimation in PEG patients
(22).

— MUAC was measured in centimeters using a flexible mea-
suring tape wrapped around the mid-upper arm, halfway
between the olecranon process and the acromion process.

Patients were classified according to their age as having low
weight if BMI was < 18.5 kg/m?for patients < 65 years, or
BMI < 22 kg/m? for patients 65 years or older. Patients above
those limits were considered to have a normal BMI.

The diagnosis of malnutrition (23) was based on:

— Low BMI (< 18.5 kg/m?)

OR

— Unintentional weigh loss (> 10 % over an indefinite amount
of time or > 5 % over the last 3 months) and BMI < 20 kg/
m?if over 70 years of age, or < 22 kg/m?for patients 70
years or older.

LABORATORY EVALUATION

A blood sample was obtained just before the PEG procedure.
Serum albumin, transferrin, total cholesterol and hemoglobin
were measured as part of patient global nutritional evaluation.
Hemoglobin levels < 12 g/dL allowed the diagnosis of anemia.

A. Laranjo et al.

Albumin < 3.5 g/dL and transferrin < 200 mg/dL were considered
low values, suggestive of malnutrition and/or poor prognosis.

STATISTICAL ANALYSIS

The statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS® Inc., Chicago, IL, USA), ver-
sion 21, and Microsoft Office Excel Professional 2017®. Normality
was assessed using the Kolmogorov-Smirnov test. Continuous
variables were expressed as mean =+ standard deviation or medi-
an = interquartile range, and categorical variables as percentage.
The demographic variables analyzed in every patient were age,
gender, time span from diagnosis to PEG, survival after diag-
nosis until death (or until December 31%, 2018), and survival
after PEG until death (or until December 31 2018).

The anthropometric and laboratory variables considered were
BMI, hemoglobin, serum albumin, transferrin, and total cholesterol
levels.

After a descriptive analysis of all variables, we used Spearman’s
test to assess the correlation between those markers and patient
survival. Inferential tests were performed at the 5 % level of sta-
tistical significance.

RESULTS

PATIENTS

We evaluated 41 EC patients, 36 men (87.8 %) and 5 women
(12.2 %) with ages ranging from 39 to 88 years (mean: 62 years;
median 61 years) who underwent PEG for nutritional support.
Twenty-four patients were younger than 65 years. The demo-
graphic data of our sample are listed in table .

Regarding histology, 37 patients (90.2 %) were diagnosed with
squamous cell carcinoma, (6 of them (14.6 %) with hypopharynx
invasion), and 4 patients (9.8 %) with adenocarcinoma.

PEG PROCEDURE AND COMPLICATIONS

It was possible to perform PEG in all referred patients. A PEG tube
was placed for palliative nutritional support in 11 patients (26.8 %)
with EC located in the upper esophagus, 2 (4.9 %) with stenosis after
radiotherapy, and 1 (2.4 %) after stent failure because of persistent
dysphagia and low nutritional intake. Gastrostomy was performed
in 20 (48.8 %) patients with dysphagia or malnutrition undergoing
chemoradiation therapy or chemotherapy, and in 7 (17.1 %) with
upper esophageal stenosis selected for curative treatment.

The time span from EC diagnosis to gastrostomy ranged from
less than one month to 97 months (median, 1 month). A total
of 27 patients (65.9 %) underwent PEG during the first month
after diagnosis. The patient who underwent gastrostomy after 97
months from diagnosis presented without dysphagia and with
adequate oral intake at the time of diagnosis. He refused surgery
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Table I. Baseline patient characteristics according to age

< 65 years > 65 years Total

Male 22 (54 %) 14 (34 %) 36 (88 %)
Female 2(5 %) 3(7 %) 5(12 %)

NRS 2002 > 3 24 (59 %) 17 (41 %) 41 (100 %)
BMI Low BMI 7(17.5%) 7(17.5%) 4 (35 %)
n=40 Normal BMI 17 (42.5 %) 9 (22.5 %) 6 (65 %)
Hemoglobin Low hemoglobin 7 (20.5 %) 7 (20.5 %) 4 (41 %)
n=34 Normal hemoglobin 14 (41 %) 6 (18 %) 0 (59 %)
Albumin Low albumin 410 %) 6 (15 %) 0 (25 %)
n =39 Normal albumin 20 (51 %) 9 (23 %) 29 (74 %)
Transferrin Low transferrin 12 (32 %) 8 (21 %) 0 (53 %)
n=38 Normal transferrin 12 (32 %) 6 (16 %) 8 (47 %)
Total cholesterol Low total cholesterol 9(23.5 %) 9 (23.5 %) 8 (47 %)
n=38 High/Normal cholesterol 14 (37 %) 6 (16 %) 0 (53 %)

but underwent chemoradiotherapy without weight loss. After 10
years of follow-up with an adequate nutritional status, the patient
has an EC recurrence or a de novo cancer in the same location,
with dysphagia and stenosis, and was then subjected to gas-
trostomy.

During follow-up, minor complications occurred in 2 patients
with local infection around the PEG tube, that was treated with
dressings and antibiotics. There were no major complications,
namely buried bumper syndrome or complications needing sur-
gery. There was no procedure-related mortality.

NUTRITIONAL RISK SCREENING 2002

Al patients presented with NRS 2002 > 3, signaling their nutri-
tional risk.

ANTHROPOMETRY

Regarding the 41 patients included in this study, we record-
ed BMIs from 40 patients at admission. In 33 patients BMI was
assessed using the equation weight / height?, and in the remaining
7 patients it was estimated using the Powell-Tuck and Hennessy
regression equations. At admission, BMI ranged from 15 to 33
(mean: 21.3; median: 22). Adjusting to age, 14 patients (35 %)
displayed a low BMI. Overall, 14 patients (66 %) were considered
malnourished.

Patients with low and normal BMI had a mean survival of 11.2
and 22.5 months, respectively. There was a positive correlation
between BMI and survival (R = 0.304), with statistical significance
(p=0.02).
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Table Il. Distribution of patients according
to indication for PEG tube placement

Dysphagia or malnutrition
Curative | undergoing chemoradiation therapy | 20 (48.8 %)
treatment | or chemotherapy

Upper esophageal stenosis 70171 %)
- EC located in the upper esophagus 11 (26.8 %)

alliative . . .

treatment Stenosis after radiotherapy 2 (4.9 %)

Stenosis after stent failure 1(2.4 %)

CLINICAL OUTCOME

No patient was lost to follow-up. By the end of 2018, of the
41 included patients, 36 (87.8 %) had died and 5 (12.2 %) sur-
vived. Survival after PEG ranged from less than one month (3
patients) to a maximum of 105 months. Mean survival after PEG
was 18.1 months (median: 6 months). Mortality rate at three
months was 31.7 %. Mean survival after EC diagnosis was 24.1
months. A survival analysis after endoscopic gastrostomy using
the Kaplan-Meier method is shown in figure 1.

Amongst all the 27 patients selected for curative treatment,
the PEG tube was removed in 7 patients (25.9 %) (2 patients
died after removing the PEG tube from unrelated causes, and 5
patients were alive by the end of the study). The time span from
gastrostomy to removal ranged from 3 months to 38 months
(mean: 15.6 months).

Mean survival in patients selected for curative and palliative
treatment was 25.1 and 4.8 months, respectively.
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Patient age presented a poor correlation with survival after EC
diagnosis (R = -0.4, p = 0.02) and survival after PEG (R = -0.4;
p =0.01).

LABORATORY ASSESSMENT

At admission, Hb was recorded in 34 patients, 30 men and 4
women. Overall, the mean value of Hb was 12.8 g/dL (minimum:
7.6 g/dL; maximum: 18 g/dL). Regarding gender, 14 male patients
and 3 female patients presented with anemia. Male patients pre-
sented the highest Hb levels when compared with female patients
(p = 0.01), with a mean level of 13.2 g/dL and 10.1 g/dL in men
and women, respectively.

Serum albumin, transferrin, and total cholesterol levels were
also recorded at admission in 39, 38, and 38 patients, respec-
tively. Serum albumin, transferrin, and total cholesterol were low
in 10, 20, and 18 patients, respectively.

Data from Spearman’s correlation test showed that higher
serum albumin (R = 0.41, p = 0.02) and transferrin concentra-
tions were positively correlated with longer survival (R = 0.47,
p = 0.006). Cholesterol also showed a positive correlation with
survival (R = 0.02) without reaching statistical significance
(p=0.89).

A. Laranjo et al.

DISCUSSION

EC is an important health problem worldwide with a high mor-
tality rate (2). Patients with EC have a poor prognosis and often
suffer from dysphagia, weight loss and malnutrition (5). Nutritional
support is essential in the management of these patients and
enteral nutrition by PEG is an option, either when patients are
selected for curative or palliative treatment (24).

Regarding histology, there are two major types of EC: squamous
cell carcinoma and adenocarcinoma. In the 1960s, squamous cell
carcinoma was the more prevalent subtype, but in the past 50
years in Western countries there has been a markedly increasing
incidence of adenocarcinoma, and adenocarcinoma has overtaken
squamous cell carcinoma as the most common histologic sub-
type (24,25). Interestingly, in this study squamous cell carcinoma
was the prevalent histologic subtype. This fact can be related to
the main risk factors for squamous cell carcinoma-alcohol and
tobacco smoking. In this study, risk factors were not evaluated,
but male gender was prevalent and, in our population, men more
often smoke and drink when compared to women.

Gastrostomy should be performed as early as possible: in
advanced stages because the stenosis of the esophagus is less
pronounced than in later stages; in patients with dysphagia select-
ed for curative treatment because it is mandatory to improve
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Figure 1.

Kaplan-Meier curve of patient survival after percutaneous endoscopic gastrostomy (survival analysis). The graphic shows that
more than 50 % of patients are alive within the first 6 months after PEG tube placement.
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nutritional support for therapy (24,26). In this study, most gas-
trostomies (65.9 %) were performed within one month. However,
one patient only underwent PEG tube placement after 97 months
from diagnosis. This patient had no weight loss or dysphagia
during 10 years of follow-up. Only after this time had he a clear
indication for gastrostomy due to EC recurrence. Probably, this
was a de novo lesion (a new EC), but this was not demonstrated.

No procedure complications were observed in this study, con-
firming that, despite its minimally invasive nature, PEG is a safe
procedure in these patients. In fact, only 2 patients had minor
complications that were easily treated, such as local infections.

A clinical and nutritional evaluation was performed at the time
of gastrostomy in order to characterize the nutritional status of the
EC patients referred to receive the PEG procedure.

EC patients are more likely to experience weight loss and have
a higher risk of malnutrition than patients with other cancer loca-
tions (27). Interestingly, in this study the majority of the patients
had a normal BMI and only 34.1 % presented with a low BMI. One
possible reason is that only 14 patients presented with advanced
tumor and were referred for palliative treatment, and these
patients are often at higher risk of malnutrition. In addition, PEG
was performed very soon after the diagnosis. However, according
to the newer criteria for malnutrition diagnosis (23), most of these
patients could be considered malnourished.

EC has a poor prognosis and 5-year survival rates range from
15 % to 25 % (28). In the present study, the mean survival time
after PEG was 18.1 months, and the mortality rate at three months
was 31.7 %. In patients selected for curative treatment dysphagia
may worsen due to side effects, and this may exacerbate a poor
nutritional status (6). Hence, PEG tube placement is indicated
in these patients (4). In this study, all patients underwent gas-
trostomy before aggressive treatment. It was possible to remove
the PEG tube in 7 patients, and 5 of them were still alive after
PEG tube removal at the end of the study. Considering the poor
prognosis of malnourished patients and their potential failure to
tolerate treatment, these numbers demonstrate the importance
of nutritional support for survival. In fact, these patients showed
a mean survival after PEG of 25.1 months.

In palliative treatment, there are many studies showing advan-
tages for enteral nutrition by PEG as compared to nasogastric
tubes. Besides, a nasogastric tube interferes more with a patient’s
life than a well-functioning PEG (8,29). In all 14 patients with
advanced EC proposed for gastrostomy the procedure was per-
formed. Guidelines do not recommend PEG in palliative patients
with an unfavorable prognosis if expected survival is in the range
of few to several weeks (10). However, in our study mean survival
time was 4.8 months.

In the present study, clinical and laboratory evaluations were
performed at the time of gastrostomy in order to identify factors
related with longer survival. Our data demonstrate that patients
with a low BMI had shorter mean survival when compared to
patients with normal BMI, with a positive correlation between BMI
and longer survival.

Regarding laboratory values, serum albumin, transferrin, and
total cholesterol are known as biomarkers of prognosis, and of
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nutritional and inflammatory status. Data showed that higher
levels of albumin and transferrin were correlated with longer
survival.

This study has some limitations. This is a retrospective study
and therefore collected data are dependent on the accuracy of
clinical files. In addition, individuals were not randomized and
there was no control group to compare survival between patients
who underwent gastrostomy and those who did not. Lastly, serum
albumin, transferrin, and total cholesterol levels may also be influ-
enced by multiple factors besides nutrition, as they are negative
acute phase reactants.

Our results show that established malnutrition prior to gastros-
tomy is associated with poor survival in patients with EC. In spite
of the limited data regarding EC patients and that a majority of
studies have examined the usefulness of PEG for aerodigestive
cancer (4,10,11), including head and neck cancer (14-17), our
experience demonstrates that whether EC patients are selected
for curative or palliative treatment, PEG should always be con-
sidered to improve nutritional status since these patients have a
significant survival expectancy.

CONCLUSION

Patients with EC have a poor prognosis and high mortality rates.
In our experience, survival after endoscopic gastrostomy is sub-
stantial, and PEG is a feasible and safe procedure in this clinical
setting. A better nutritional status at admission with a higher BMI,
and higher serum albumin and transferrin levels, predicts a better
outcome. Based on our results we recommend early enteral feed-
ing through PEG for EC patients undergoing curative treatment
and also in the palliative setting when esophageal stents cannot
be placed or are insufficient to maintain nutritional status.

REFERENCES

1. Wong MCS, Hamilton W, Whiteman DC, Yiang JY, Qiao Y, Fung FDH, et al.
Global Incidence and mortality of oesophageal cancer and their correlation
with socioeconomic indicators temporal patterns and trends in 41 countries.
Sci Rep 2018;8(1):4522. DOI: 10.1038/s41598-018-19819-8

2. Yousefi M, Sharifi-Esfahani M, Pourgholam-Amiji N, Afshar M, Sadeghi-Gan-
domani H, Otroshi O, et al. Esophageal cancer in the world: incidence, mor-
tality and risk factors. Biomed Res Ther 2018;5(7):2504-17. DOI: 10.15419/
bmrat.v5i7.460

3. Huang FL, Yu SJ. Esophageal cancer: Risk factors, genetic association,
and treatment. Asian J Surg 2018;41(3):210-5. DOI: 10.1016/j.asj-
sur.2016.10.005

4. QOgino H, Akiho H. Usefulness of percutaneous endoscopic gastrostomy for
supportive therapy of advanced aerodigestive cancer. World J Gastrointest
Pathophysiol 2013;4(4):119-25. DOI: 10.4291/wjgp.v4.i4.119

5. DaiY, Li C, Xie Y, Liu X, Zhang J, Zhou J, et al. Interventions for dysphagia
in oesophageal cancer. Cochrane database Syst Rev 2014;(10):CD005048.
DOI: 10.1002/14651858.CD005048.pub4

6. MinYW, Jang EY, Jung JH, Lee H, Min BH, Lee JH, et al. Comparison between
gastrostomy feeding and self-expandable metal stent insertion for patients
with esophageal cancer and dysphagia. PLoS One 2017;12(6):e0179522.
DOI: 10.1371/journal.pone.0179522

7. Bozzetti F. Screening the nutritional status in oncology: a preliminary report on
1,000 outpatients. Support care cancer. Off J Multinatl Assoc Support Care
Cancer 2009;17(3):279-84. DOI: 10.1007/s00520-008-0476-3



666

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Lorimer PD, Motz BM, Watson M, Trufan SJ, Prabhu RS, Hill JS, et al. Enteral

Feeding Access Has an Impact on Outcomes for Patients with Esophageal
Cancer Undergoing Esophagectomy: An Analysis of SEER-Medicare. Ann Surg
Oncol 2019;26(5):1311-9. DOI: 10.1245/510434-019-07230-0

. Bozzetti F, Arends J, Lundholm K, Micklewright A, Zurcher G, Muscaritoli M.

ESPEN Guidelines on Parenteral Nutrition: non-surgical oncology. Clin Nutr
2009;28(4):445-54. DOI: 10.1016/j.cInu.2009.04.011

Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al.
ESPEN guidelines on nutrition in cancer patients. Clin Nutr 2017;36(1):11-48.
DOI: 10.1016/).cInu.2016.07.015

Nunes G, Fonseca J, Barata AT, Dinis-Ribeiro M, Pimentel-Nunes P. Nutri-
tional Support of Cancer Patients without Oral Feeding: How to Select
the Most Effective Technique? GE - Port J Gastroenterol 2019:1-13. DOI:
10.1159/000502981

Yagishita A, Kakushima N, Tanaka M, Takizawa K, Yamaguchi Y, Matsubayashi
H, et al. Percutaneous endoscopic gastrostomy using the direct method for
aerodigestive cancer patients. Eur J Gastroenterol Hepatol 2012;24(1):77-81.
DOI: 10.1097/MEG.0b013e32834dfd67

Rabie AS. Percutaneous endoscopic gastrostomy (PEG) in cancer patients;
technique, indications and complications. Gulf J Oncolog 2010;(7):37-41.
Foster JM, Filocamo P, Nava H, Schiff M, Hicks W, Rigual N, et al. The
introducer technique is the optimal method for placing percutaneous endo-
scopic gastrostomy tubes in head and neck cancer patients. Surg Endosc
2007;21(6):897-901. DOI: 10.1007/s00464-006-9068-9

Lang K, EIShafie RA, Akbaba S, Koschny R, Bougatf N, Bernhardt D, et al.
Percutaneous Endoscopic Gastrostomy Tube Placement in Patients with
Head and Neck Cancer Treated with Radiotherapy. Cancer Manag Res
2020;12:127-36. DOI: 10.2147/CMAR.S218432

Sieron HL, Eberle F, Gress TM, Mahnken AH, Wiegand S. Safety of Prophy-
lactic Gastrostomy Tube Placement and Gastrostomy Tube Usage in Patients
Treated by Radio(chemo)therapy for Head and Neck Cancer. Anticancer Res
2020;40(2):1167-73. DOI: 10.21873/anticanres. 14059

Zuercher BF, Grosjean P, Monnier P. Percutaneous endoscopic gastrostomy
in head and neck cancer patients: indications, techniques, complications
and results. Eur Arch Otorhinolaryngol 2011;268(4):623-9. DOI: 10.1007/
s00405-010-1412-y

Veitch AM, Vanbiervliet G, Gershlick AH, Boustiere C, Baglin TP, Smith LA,
et al. Endoscopy in patients on antiplatelet or anticoagulant therapy, includ-

19.

20.

21.

22.

23.

25.

26.

27.

28.

A. Laranjo et al.

ing direct oral anticoagulants: British Society of Gastroenterology (BSG) and
European Society of Gastrointestinal Endoscopy (ESGE) guidelines. Endoscopy
2016;48(4):c1. DOI: 10.1055/5-0042-122686

Dormann AJ, Wejda B, Kahl S, Huchzermeyer H, Ebert MP, Malfertheiner P.
Long-term results with a new introducer method with gastropexy for percu-
taneous endoscopic gastrostomy. Am J Gastroenterol 2006;101(6):1229-34.
DOI: 10.1111/).1572-0241.2006.00541 .x

Fonseca J, Adriana C, Frois-Borges M, Meira T, Oliveira G, Santos JC. Ostomy
metastasis after pull endoscopic gastrostomy: a unique favorable outcome.
Nutr Hosp 2015;31(4):1879-81. DOI: 10.3305/nh.2015.31.4.8262
Powell-Tuck J, Hennessy EM. A comparison of mid upper arm circumference,
body mass index and weight loss as indices of undernutrition in acutely
hospitalized patients. Clin Nutr 2003;22(3):307-12.

Barosa R, Roque Ramos L, Santos CA, Pereira M, Fonseca J. Mid upper arm
circumference and Powell-Tuck and Hennessy’s equation correlate with body
mass index and can be used sequentially in gastrostomy fed patients. Clin
Nutr 2018;37(5):1584-8. DOI: 10.1016/j.cInu.2017.08.011

Cederholm T, Bosaeus |, Barazzoni R, Bauer J, Van Gossum A, Klek S, et al.
Diagnostic criteria for malnutrition - An ESPEN Consensus Statement. Clin
Nutr 2015;34(3):335-40. DOI: 10.1016/j.cInu.2015.03.001

. Miller KR, Bozeman MC. Nutrition therapy issues in esophageal cancer.

Curr Gastroenterol Rep 2012;14(4):356-66. DOI: 10.1007/s11894-012-
0272-6

Xie S-H, Lagergren J. Risk factors for oesophageal cancer. Best Pract Res Clin
Gastroenterol 2018;36-37:3-8. DOI: 10.1016/j.bpg.2018.11.008

Grilo A, Santos CA, Fonseca J. Percutaneous endoscopic gastrostomy for
nutritional palliation of upper esophageal cancer unsuitable for esophageal
stenting. Arq Gastroenterol 2012;49(3):227-31.

Anandavadivelan P, Lagergren P. Cachexia in patients with oesophageal
cancer. Nat Rev Clin Oncol 2016;13(3):185-98. DOI: 10.1038/nrcli-
nonc.2015.200

Gupta B, Kumar N. Worldwide incidence, mortality and time trends for cancer
of the oesophagus. Eur J Cancer Prev 2017;26(2):107-18. DOI: 10.1097/
CEJ.0000000000000249

. Park RH, Allison MC, Lang J, Spence E, Morris AJ, Danesh BJ, et al. Ran-

domised comparison of percutaneous endoscopic gastrostomy and nasoga-
stric tube feeding in patients with persisting neurological dysphagia. BMJ
1992;304(6839):1406-9. DOI: 10.1136/bm;}.304.6839.1406

[Nutr Hosp 2020;37(4):660-666]



Trabajo Original

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

Nutricion artificial

Control de calidad de la elaboracion de nutriciones parenterales: control

gravimétrico y de productos utilizados
Quality control of parenteral nutrition compounding: gravimetric and component
verification control

Alejandra Melgarejo Ortufio, Rosa Romero Jiménez, Cristina Ortega Navarro, Mar Fresno Flores y Maria Sanjurjo Sdez

Servicio de Farmacia. Hospital General Universitario Gregorio Mararion. Instituto de Investigacion Sanitaria Gregorio Mararion (ISGM). Madrid

Palabras clave:

Nutricién parenteral.
Control de calidad.
Seguridad. Calidad.

Control gravimétrico.

Keywords:

Parenteral nutrition.
Quality control.
Safety. Quality
improvement.
Gravimetric control.

Resumen

Introduccion: la elaboracion de nutriciones parenterales (NP) es un proceso complejo y con alta probabilidad de aparicion de errores.
Obijetivo: analizar los errores detectados en el control gravimétrico (CG) y de productos (CP) utilizados realizado en las NP elaboradas.

Métodos: se realizo un andlisis prospectivo en el que durante tres afios (enero de 2016 a diciembre de 2018) se pesaron las NP elaboradas.
Se utilizé el programa informético MedicalOne Parenteral®, que calcula el peso tedrico teniendo en cuenta la densidad y el volumen. Cada NP
elaborada se pesaba para obtener el peso real. El error gravimétrico (%) (EG = (peso real - peso tedrico) x 100 / peso tedrico) se considerd
correcto dentro del intervalo de + 5 %. El CP consistia en la comprobacion de los productos y los volumenes utilizados con la hoja de elaboracion.

Resultados: se realizd el control de 28.761 NP. Se pesaron 20.612 NP de adultos (NPA), siendo incorrectas 124 (0,6 %). De las 1203 NP
de pacientes pedidtricos no neonatos (NPP), 15 (1,25 %) fueron incorrectas, y de las 6946 de neonatos (NPN), 164 (2,96 %). Respecto al CP
se detectaron 71 errores en las NPA (0,70 %), 6 (1,34 %) en las NPP y 5 (0,21 %) en las NPN. Los errores fueron: afiadir mas volumen de un
componente [38 (46,34 %)), afiadir menos volumen [17(20,73 %)] y producto erroneo [27 (32,93 %)].

Conclusiones: el control de calidad realizado permitié detectar errores producidos durante la elaboracion y evitd que llegaran al paciente. Se
detectaron en el CG mas NP incorrectas entre las NPN. Con el CP, el error mayoritario fue afiadir méas volumen de un componente.

Abstract

Introduction: parenteral nutrition (PN) compounding is a process with a high probability of errors.
Objective: to analyze PN compounding errors detected using a gravimetric control (GC) and a component verification control (CVC).

Methods: a prospective analysis was carried out during a three-year period (January 2016 to December 2018). The MedicalOne Parenteral®
software program was used to calculate the theoretical weight of each PN based on density and volume. Each elaborated PN was weighed to
obtain the real weight. Gravimetric error (%) ((real weight - theoretical weight) x 100 / theoretical weight) was considered correct if within the = 5 %
interval. The CVC consisted of checking that the correct ingredients and volumes were added according to the PN order.

Results: during the study period a total number of 28,761 PNs were checked out; 20,612 adult PNs (APN) were weighed and 124 were consid-
ered incorrect (0.60 %). Of the 1,203 non-neonatal pediatric PNs (NPPN), 15 (1.25 %) were incorrect, and of the 6,946 neonatal PNs (NPN), 164
(2.96 %) were incorrect. Regarding the CVC, 71 errors were detected in the APN (0.70 %), 6 (1.34 %) in the NPPN, and 5 (0.21 %) in the NPN
group. The total number of errors included: adding more volume of one component [38 (46.34 %)], adding a wrong component [27 (32.93 %)],
and absent volume of one component [17 (20.73 %)].

Conclusions: the quality control carried out allowed to detect errors during the preparation of PNs and prevented them from reaching the patient.
More incorrect NPNs were detected through GC. The main error detected with CVC was adding more volume of a component.

Recibido: 10/02/2020 e Aceptado: 27/04/2020

Conflicto de intereses: Los autores declaran no tener ningun conflicto de intereses.

Melgarejo Ortufio A, Romero Jiménez R, Ortega Navarro C, Fresno Flores M, Sanjurjo Sdez M. Control de
calidad de la elaboracion de nutriciones parenterales: control gravimétrico y de productos utilizados. Nutr
Hosp 2020;37(4):667-671

DOI: http://dx.doi.org/10.20960/nh.03037

Correspondencia:

Rosa Romero Jiménez. Sevicio de Farmacia. Hospital
General Universitario Gregorio Marafion. Doctor
Esquerdo, 46. 28007 Madrid

e-mail: rosa.romero@salud.madrid.org

©Copyright 2020 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/).



668

INTRODUCCION

La nutricion parenteral (NP) es una terapia con un complejo
proceso de elaboracion, especialmente vulnerable a la aparicion
de errores, por lo que debe elaborarse en el servicio de farmacia
(SF) por personal cualificado (1). Segun la Sociedad Americana
de Farmacéuticos de Hospitales (ASHP) y la Sociedad Americana
de Nutricion Parenteral y Enteral (ASPEN), el farmacéutico es el
responsable de garantizar la calidad de las NP elaboradas en
el SF (2,3).

La seguridad en el proceso de elaboracion de la NP depende
de la ausencia de errores durante el mismo. Se debe asegurar
la seleccion adecuada de los componentes, la correcta medi-
da de volimenes, el orden de adicion correcto y la ausencia de
contaminacion microbioldgica (4). El Instituto para el Uso Seguro
de los Medicamentos (ISMP) incluye la NP en la categoria de
medicamentos de alto riesgo, por lo que los errores que se pro-
ducen con estas formulaciones y llegan a los pacientes tienen
una mayor probabilidad de causarles dafios graves (5). A partir
de comunicaciones enviadas por profesionales sanitarios al Sis-
tema de Notificacion y Aprendizaje de Errores de Medicacion, el
ISMP-Espafa ha elaborado recomendaciones especificas para la
prevencion de errores de medicacion relacionados con la NP, entre
ellas, instaurar procedimientos de control de todas las NP que
incluyan doble chequeo de los frascos y viales seleccionados de
todos los componentes y aditivos, y valorar el empleo de técnicas
complementarias como el control gravimétrico para mejorar la
calidad de la preparacion (6).

Los SF deben instaurar estrategias dirigidas a disminuir el
riesgo de errores en el proceso de elaboracion de las NP. Segun
las recomendaciones del Consenso Espafiol sobre la preparacion
de mezclas nutrientes parenterales, con el fin de garantizar un
soporte nutricional seguro, se debe realizar un control de calidad
del producto terminado que incluya inspeccion visual, control de
componentes utilizados en la elaboracion y control gravimétrico
(CG) (4). La inspeccion visual consiste en verificar el color, volu-
men final de la mezcla, la ausencia de particulas, el aspecto de la
emulsion y la integridad del cierre de la bolsa. El control de com-
ponentes se refiere a la comprobacion de los envases de aditivos
y las jeringas usadas para medir los volimenes de los productos
utilizados. EI CG consiste en comparar el peso real de la NP elabo-
rada con el peso tedrico calculado segun la densidad y el volumen
de sus componentes. La Agencia Europea para la Evaluacion del
Medicamento (EMEA) recomienda que el 100 % de las NP deben
elaborarse con un error gravimétrico inferior al 5 % (7).

En nuestro SF, la elaboracion de las NP se realiza de la siguiente
forma: el farmacéutico imprime la hoja de elaboracion de cada
NP, el personal auxiliar de enfermeria del rea prepara el material
indicado en la hoja, en una bandeja individualizada por paciente,
y la elaboracion la realiza el personal de enfermeria (DUE) en las
cabinas de flujo laminar horizontal. EI DUE, antes de preparar la
NP, compara los productos preparados por el auxiliar con la hoja
de elaboracion y, si es correcto, se procede a la elaboracion. El
proceso de llenado de la bolsa de NP debe realizarse en el orden
establecido en la hoja de preparacion para evitar incompatibilida-
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des entre los componentes. Primero se afiaden las soluciones de
aminoacidos, glucosa y agua; después se afiaden los electrolitos
en el siguiente orden: fosfatos sodico y potasico/glicerofosfato
sodico, cloruro sodico y potasico, acetato sodico y potasico, sulfa-
to magnésico y, por tltimo, gluconato calcico; después se afiaden
los oligoelementos y las vitaminas. Una vez homogénea la mezcla,
se afiaden los lipidos. Si incluyera medicamentos, se afiaden al
final de la preparacion.

El control de calidad de las NP elaboradas incluia la inspeccion
visual de la bolsa de NP. El objetivo del estudio fue la implantacion
de un control de calidad completo de las NP elaboradas que
incluia, ademas de la inspeccion visual, el control de los compo-
nentes utilizados en la elaboracion y el CG, y analizar los errores
detectados posteriormente.

MATERIAL Y METODOS

Se llevo a cabo un estudio prospectivo en el que durante tres
afos (enero 2016 a diciembre 2018) se pesaron, en una balanza
electronica debidamente acondicionada y calibrada, las NP de
pacientes adultos (NPA), de pacientes pediatricos no neonatos
(NPP) y de neonatos (NPN) elaboradas en el SF. Este peso se defi-
ni6 como el peso real. Se solicitaron a los laboratorios fabricantes
las densidades de todos los productos utilizados en la elaboracion
de las NPy se introdujeron en la aplicacion de control gravimétrico
del programa informatico MedicalOne Parenteral®, que calcula
el peso teorico de la NP teniendo en cuenta la densidad y el
volumen utilizado de cada componente. El error gravimétrico se
calculd en porcentaje respecto al peso tedrico [Error gravimétrico
(%) = (peso real - peso tedrico) x 100 / peso tedrico). Las NP cuyo
error gravimétrico no se encontraba en el margen del = 5 % se
consideraron incorrectas, se retiraron y se elaboraron de nuevo.
Los datos de las NPA, NPP y NPN se analizaron por separado por
tener caracteristicas diferentes: volumenes y pesos diferentes y
proceso de elaboracion diferente. Para las NPA se utilizan habi-
tualmente frascos completos para el aporte de macronutrientes
mientras que en la elaboracion de NPP y NPN la medida de volu-
menes debe ser mas exacta. El personal de enfermeria, bajo la
supervision del farmacéutico, fue el responsable de realizar y
registrar el CG, siguiendo los siguientes pasos:

1. Colocar una bolsa vacia igual a la que va a contener la

mezcla de NP encima de la balanza.

2. Tarar la balanza y comprobar su estabilizacion.

Colocar la mezcla de NP elaborada encima de la balanza.

4. Una vez estabilizado el peso, documentar el resultado en el

apartado de control gravimétrico del programa MedicalOne
Parenteral®.

Se realizd también un control de los productos utilizados en
la elaboracion de NP, que incluia la revision de los productos
utilizados en la elaboracion de cada NPy los volimenes de estos
en todas las NPP y NPN preparadas en el SF. Se compararon los
restos de los productos utilizados con los de la hoja de elabora-
cion. Para ello se disefid una hoja de control de calidad para las
NP de pacientes pediatricos y otra para las NPA, en la que se

w
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incluyeron todos los productos utilizados en la elaboracion. Las
NP en las que algun producto o volumen de la hoja de elaboracion
no coincidia con los viales y ampollas utilizados se consideraron
incorrectas y se retiraron y elaboraron de nuevo. Se disefid una
hoja informatizada de registro de las NP incorrectas en la que se
recogian el tipo de NP (NPA, NPP o NPN), el producto implicado
y el tipo de error (producto o volumen). Se considero erronea la
presencia en la bandeja de un producto que no figurara en la
hoja de elaboracion o la falta un producto indicado en la hoja de
elaboracion. Se consider6 error de volumen cuando el producto
utilizado era correcto pero el volumen afiadido a la NP no coincidia
con el indicado en la hoja de elaboracion. Este control lo realizd
un farmacéutico o enfermero diferente al que elaboraba la NP.

RESULTADOS

CONTROL GRAVIMETRICO

En el periodo de estudio se realizd el CG de 28.761 NP de un
total de 40.245 elaboradas (71,5 %). Se pesaron 20.612 NPA
de 28.849 elaboradas (71,45 %). El peso tedrico medio de las
NPA fue de 1717,7 g (DE = 423,7) y el real medio de 1749,9 ¢
(DE = 436), resultando en un error gravimétrico medio del 1,95 %
(DE =1,29). En el 99,4 % (20.488) de las NPA el error gravimé-
trico fue inferior al margen establecido del + 5 %. EI 0,6 % (124)
supero este limite con un error medio del 9,83 % (DE = 7,63),
por lo que se descartaron y elaboraron de nuevo. En el 83,1 %
(103) de las 124 NPA consideradas incorrectas, el peso real fue
superior al teorico.

Se pesaron 6946 NPN de 9.589 elaboradas (72,44 %). El peso
teorico medio fue 227,1 g (DE = 121,4) y el real medio de 227,8
g (DE = 121,7), obteniéndose un error gravimétrico medio del
1,70 % (DE = 4,03). En el 97,64 % (6782) de las NPN el error
gravimétrico fue inferior al 5 %. EI 2,96 % (164) no se encontra-
ban dentro del rango establecido, con un error medio del 16,02 %

(DE =21,0), por lo que se descartaron y elaboraron de nuevo. En
el 67,69 % (111) de las 164 NPN consideradas incorrectas, el
peso real fue superior al tedrico.

Durante el periodo de estudio se pesaron 1203 NPP de 1807
elaboradas (66,6 %). El peso tedrico medio fue de 1119,08 g
(DE =516) y el real medio 1129,46 g (DE = 524,6). Se obtuvo un
error gravimétrico medio del 1,39 % (DE = 1,18). En el 98,75 %
(1188) de las NPP el error gravimétrico fue inferior al rango esta-
blecido del =5 %. El 1,25 % (15) superaron este margen con
un error medio del 6,98 % (DE = 2,26), por lo que se retiraron y
elaboraron de nuevo. En el 46,67 % (7) de las 15 NPP erréneas
el peso real fue superior al tedrico.

CONTROL DE PRODUCTOS UTILIZADOS EN
LA ELABORACION DE NP

Se realizaron 9589 controles de productos utilizados en la
elaboracion de NPN (100 % de las elaboradas), 1807 (100 %)
en la de de NPP y 28.849 (100 %) en la de NPA. En el total
de 40.245 NP revisadas se detectaron 192 (0,48 %) errores
en los que algun producto o volumen indicado en la hoja de
elaboracion no coincidia con las ampollas y viales utilizados, por
lo que estas formulas se descartaron y elaboraron de nuevo.
De los 192 errores detectados, 145 (75,52 %) correspondian
a NPA, 30 (15,63 %) a NPN y 17 (18,85 %) a NPP. EI 51,04 %
(98) de estos errores fueron de producto y el 48,96 % (94) de
volumen. Respecto a los errores de producto, el 51,02 % (50) se
debieron a la existencia de un producto erréneo que no figuraba
en la hoja de elaboracion y el 48,98 % (48) a la ausencia de
un producto en la bandeja para la revision. Los productos mas
frecuentemente implicados en el error fueron las soluciones de
electrolitos (37,2 %), los lipidos (20,9 %), las soluciones de glu-
cosa en concentracion = 20 % (12,8 %) y el zinc (11,6 %). En
la tabla | se muestran algunos de los errores detectados en el
control de los productos utilizados.

Tabla I. Ejemplos de errores detectados en el control de productos utilizados

Producto implicado Tipo de NP Descripcion del error
Glucosa NPP No se afiade glucosa al 50 %
Glucosa NPA Se afade glucosa al 50 % en lugar de glucosa al 5 %
Glucosa NPN Se afade glucosa al 50 % en lugar de glucosa al 20 %
Acetato potasico NPN Se afiade cloruro potasico en lugar de acetato potasico
Fosfato monosédico NPA Se afiade fosfato monopotasico en lugar de fosfato monosddico
Cloruro potasico NPN Se afaden 2,5 ml en lugar de 0,8 ml
Cloruro sadico NPN No se ariade.
Acetato potasico NPN Se afiade acetato sédico en lugar de acetato potasico
Sulfato magnésico NPA Se afaden 20 ml en lugar de 12 ml
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DISCUSION

El farmacéutico es el responsable de asegurar la correcta pre-
paracion de las mezclas de NP, asi como del control de calidad
del producto final (2,3). Dada la alta complejidad del proceso de
elaboracion de las NP, se hacia necesario implantar en nuestro SF
controles de calidad (de productos utilizados y CG) complementa-
rios a la inspeccion visual que se venia realizando.

En este estudio se considera como criterio de referencia
para el CG el establecido por la EMEA, que establece que el
100 % de las NP deberian prepararse con un error gravimétrico
inferior al 5 % (7). En nuestro caso, el 0,6 % de las NPA, el
1,25 % de las NPP y el 2,96 % de las NPN superaron el limite
del = 5 %, por lo que se consideraron inadecuadas para la
dispensacion y se elaboraron de nuevo. El porcentaje obtenido
para las NPA y NPP es similar al publicado por Pérez Serrano y
cols., quienes obtuvieron una prevalencia del 1,2 % de NP con
un error gravimétrico superior al 5 % cuando realizaron el CG
en 168 NP de gran volumen (8). El porcentaje obtenido para las
NPN es superior al encontrado por los mismos autores para las
NP de pequefio volumen; en su caso, el 100 % de las 42 NP
sometidas al CG se encontraban dentro del margen del + 5 %.
Esta diferencia puede deberse al mayor tamafio de la mues-
tra (42 vs. 6946) y la mayor duracion de nuestro estudio (4
meses vs. 3 afios). La mayor duracion del estudio puede haber
supuesto en nuestro caso una mayor variabilidad en cuanto al
personal elaborador.

El CG con un margen del 5 % no garantiza por si mismo la
calidad de las NP elaboradas, ya que no tiene capacidad para
detectar los pequenos errores de volumen. Los errores cometi-
dos con los componentes de estrecho margen terapéutico, como
el potasio, pueden tener consecuencias clinicas graves para los
pacientes. En este sentido, el control de productos permite detec-
tar pequefias diferencias de volumen, asi como componentes
no afiadidos o componentes incorrectamente afadidos a la NP.
En nuestro estudio, el control de productos implantado permitid
detectar errores producidos durante el proceso de elaboracion y
evitar que estos llegaran a los pacientes. Por ejemplo, afiadir a la
NP una sal incorrecta de electrdlito puede empeorar una alcalosis
metabdlica existente y prolongar la estancia del paciente en una
unidad de criticos, como reportaron Sacks y cols. (9). En un alto
porcentaje de casos, el producto implicado en el error detectado
fue un producto considerado de alto riesgo (soluciones concen-
tradas de glucosa o soluciones de electrolitos).

Una de las limitaciones de los controles implantados es que son
retrospectivos, por 1o que no es posible evitar las deficiencias en
el proceso de elaboracion. Sin embargo, la implantacion del CG
y el control de productos como métodos de control de calidad de
las NP permite detectar errores producidos durante el proceso
de elaboracion y evitar que las mezclas de NP que no cumplen
con los criterios de calidad establecidos lleguen al paciente. Ade-
mas, sirve para identificar puntos con posibilidad de error y, por
tanto, susceptibles de mejora.

Una limitacion de nuestro estudio es que no se realizaron los
controles de calidad implantados en el 100 % de las NP ela-
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boradas. Esto fue debido a la falta de recursos humanos en el
SF, sobre todo al comienzo de la implantacion. Los resultados
obtenidos en este estudio permiten justificar la importancia y la
necesidad de realizar este tipo de controles en todas las NP ela-
boradas en el SF, con el fin de asegurar que el 100 % de las NP
dispensadas cumplan los criterios de calidad establecidos. Tras
dos afios desde su implantacion, se ha conseguido dotar al SF de
mayores recursos humanos en cuanto a personal de enfermeria,
lo que permite realizar en la actualidad el control de calidad de
los productos y el CG en el 100 % de las NP elaboradas en el SF,
incluyendo las elaboradas durante los fines de semana.

Actualmente no se ha reportado mucha bibliografia sobre resul-
tados del CG de las NP, aunque supone una practica habitual
en otros campos, como en las preparaciones citostaticas. En un
estudio realizado por Zendra y cols. (10) se compara el control
realizado por gravimetria con el realizado por HPLC, dando como
resultado una adecuada correlacion de ambos controles, siendo
el primero mas sencillo y rapido en la practica diaria, suponiendo
también un menor coste.

Una posible medida de mejora podria ser la implantacion de
sistemas automatizados de elaboracion de NP. Un estudio realiza-
do por Flynn y cols. (11) reporté una tasa de error del 22 % con un
sistema automatizado de preparacion frente a un 37 % con la ela-
boracion manual; y en otro estudio realizado por Fishwick y cols.
(12) se observd una desviacion del peso tedrico calculado frente
alreal de un 5 % en un 0,4 % de las NP elaboradas con sistemas
automatizados. Sin embargo, no son sistemas “plug and play”, es
decir, requieren personal durante el proceso de elaboracion para
seguir los pasos de la elaboracion y presentan restricciones en la
seleccion de productos para la elaboracion; ademas, un error en
la base de datos puede suponer muchas mezclas afectadas. Todo
ello, junto a su elevado coste, aun no han facilitado su implanta-
cion en la mayoria de los servicios de farmacia.

La implantacion de un control de calidad que incluya el control
de productos y el CG contribuye a detectar aquellas NP elabora-
das en el SF que no cumplen con los criterios de calidad estable-
cidos, por lo que mejora la seguridad del proceso de elaboracion
de la NP.
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Abstract

Introduction: nowadays, it is important to determine whether food frequency questionnaires (FFQ) are valid tools to collect information on usual
diet in children.

Objective: we evaluated the reproducibility and validity of the semi-quantitative FFQ used in a Spanish cohort of children aged 4-7 years.
Methods: to explore its reproducibility, parents filled a 138-item FFQ at baseline (FFQ-0) and then one year later (FFQ-1). To explore its validity,
the FFQ-1 was compared with four weighed 3-day dietary records (DRs) that were used as standard of reference. To estimate associations we
calculated deattenuated Pearson’s correlation coefficients to correct for season-to-season variability, and the Bland-Altman index. We also calcu-
lated the weighted kappa index and assessed participant’s gross misclassification across quintiles. We analyzed data from 67 (for reproducibility)
and 37 (for validity) children aged 4-7 years old, recruited by the pilot study of the SENDO project.

K ds:

eywores Results: regarding reproducibility, we found mean Bland-Altman indexes of 0-10.45 % for nutrients and 1.49 %-10.45 % for foods. The
Food frequency adjusted r ranged between 0.29 and 0.71, and between 0.27 and 0.74 for nutrients and foods, respectively. Regarding validity, we found mean
questionnaire. 24- Bland-Altman indexes of 0 %-16.22 % and 0 %-10.81 % for nutrients and for food groups, respectively. The deattenuated r ranged between

g?:src‘:]isgl‘gsrecmds' 0.38 and 0.81 for nutrients, and between 0.53 and 0.68 for foods. The weighted kappa index for agreement across quintiles ranged from 54.1

Children cohort. to 85.1 for nutrients, and from 55.4 to 78.4 for food groups.
Reproducibility. Conclusions: our results showed acceptable levels of both reproducibility and validity, and that the ad-hoc developed FFQ is a valid tool for
Validity. assessing usual diet in Spanish preschoolers.
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Resumen

Introduccion: es importante determinar si los cuestionarios de frecuencia de consumo de alimentos (CFCA) son herramientas validas para
recopilar informacion sobre la dieta habitual en los nifos.

Objetivo: evaluar la reproducibilidad y validez del CFCA semi-cuantitativo de una cohorte espafola de nifios de 4 a 7 afios.

Métodos: en total se estudiaron 67 (para reproducibilidad) y 37 (para validez) nifios de 4 a 7 afios de edad del estudio piloto del proyecto
SENDQ. Para explorar la reproducibilidad, los padres cumplimentaron el CFCA basalmente (CFCA-0) y al afio (CFCA-1). Para explorar la validez,
el CFCA-1 se compard con cuatro registros dietéticos (DR) pesados de 3 dias. Calculamos coeficientes de correlacion de Pearson desatenuados
para corregir la variabilidad inter-estacional, y el indice de Bland-Altman. El indice kappa ponderado permitié evaluar la clasificacion errénea de
los participantes entre quintiles.

Resultados: respecto a la reproducibilidad, encontramos indices promedio de Bland-Altman de 0-10,45 % para los nutrientes y de 1,49-10,45 %
para los alimentos. La r ajustada varié entre 0,29y 0,71,y entre 0,27 y 0,74 para nutrientes y alimentos, respectivamente. En cuanto a la validez,
encontramos indices promedio de Bland-Altman de 0-16,22 % y 0-10,81 % para nutrientes y alimentos, respectivamente. La r desatenuada
oscilé entre 0,38 y 0,81 para los nutrientes y entre 0,53 y 0,68 para los alimentos. El indice kappa ponderado para el acuerdo entre quintiles
vari¢ entre 54,1y 85,1 para los nutrientes y entre 55,4y 78,4 para los grupos de alimentos.

Conclusiones: nuestros resultados mostraron niveles aceptables tanto de reproducibilidad como de validez. EI FFQ desarrollado ad hoc es una
herramienta valida para evaluar nutrientes y alimentos en preescolares espafioles.

INTRODUCTION

The accuracy and inherent measurement error in self-reported
dietary assessment methods is a topic of emerging interest in
nutritional epidemiology (1-3). Several dietary assessment meth-
ods are available with their own advantages and limitations (4). In
general, the selection of the most appropriate method for large-
scale epidemiological studies depends on the research objec-
tives, study population, dietary data accuracy, study resources,
and design (5).

Currently, food frequency questionnaires (FFQ) are the first-line
dietary assessment method in nearly all epidemiologic studies,
mainly due to their relatively low respondent burden and low asso-
ciated costs (6). Since FFQs assess usual dietary intake, they have
proven to be valid tools to evaluate the association between diet
and many health-related outcomes (6). Other methods, such as
24-hour dietary recalls or food records, have been considered less
useful for large observational studies because of their lower fea-
sibility and higher costs, training requirements—interviewers and
respondents—and data coding (7). In addition, the Hawthorne effect
is likely to affect data collection and reporting when food records
are used, and the within-person variability in 24-hour dietary recalls
can be considered an important limitation concerning their validity.

In this context, validity refers to the ability of a dietary assess-
ment method to measure data that represent the true dietary
intake of an individual. Thus, a method will be considered valid if
the reported dietary intake is not significantly different from real
intake (8). To assess their validity, dietary assessment tools must
be compared with another method (the “gold standard”) or with
direct observation of meal consumption (9).

There is no universally accepted gold standard of reference to
assess the validity of FFQs (10). Thus, they can be validated using
biomarkers or other dietary methods, such as 24-hour dietary
recalls or 3-day dietary records (DRs), which have proven highly
accurate in measuring diet (11). Besides, both 24-hour dietary
recalls and 3-day DRs are manageable and analyzable in large
population studies (12).
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On the other hand, previous research suggests that children
under 8 years of age, approximately, cannot accurately recall
foods, estimate portion size, or conceptualize their own intake
as a result of their low literacy level, limited cognitive abilities,
and difficulties in estimating size (13). To address this limitation,
in pediatric studies diet is usually reported by parents, although
this is also not without limitations since children’s dietary habits
change rapidly, parents may share responsibility with other adults
or school, or even some parents are unable to accurately describe
their offspring’s diet (14).

Recent reviews have compiled several validated FFQs to assess
children’s and adolescents’ dietary intakes (15,16). In Spain, pre-
schoolers’ dietary intake has been assessed using diet quality
indices, food diaries or 24-hour dietary recalls. However, vali-
dated FFQs for young children are very scarce (14,17), and very
few studies have validated them using other dietary assessment
method as reference.

In summary, regarding pediatric population-based epidemiolog-
ical studies, the question about who is the most accurate reporter
of children’s dietary intake needs further investigation. Meanwhile,
it is important to determine whether FFQs are valid tools to collect
information on usual diet in children. Thus, our aim was to assess
the validity and reproducibility of the FFQ designed for the SENDO
(SEguimiento del Nifio para un Desarrollo Optimo) project using
four 3-day DRs as standard of reference.

MATERIAL AND METHODS

DESIGN AND PARTICIPANTS

The SENDO project (www.proyectosendo.es) started in 2015
following the methodology of the Growing Up Today Study, an
ongoing cohort of US children and adolescents set up in 1996
by the Harvard T.H. Chan School of Public Health. SENDO is a
prospective and dynamic pediatric cohort designed to assess the
association of diet and lifestyles with health-related outcomes
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in Spanish children and adolescents. This validation study was
carried out with children in the pilot study of the SENDO project
(recruited in 2015) with these inclusion criteria: age: 4-7 years at
recruitment, and residence: Navarra (Spain). There were no exclu-
sion criteria. The study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the ethical committee
for clinical research, Government of Navarra (Pyto2016/122). A
written informed consent was obtained from all parents before
study initiation.

Children were invited to participate in the study by their pedi-
atrician. From a total of 304 preschoolers who were invited to
participate in the pilot study, 170 children (55.9 %) entered the
study. In order to evaluate the reproducibility of the FFQ, we ana-
lyzed the responses of 79 participants whose parents completed
the FFQ twice—at baseline (FFQ-0) and after 1 year of follow-up
(FFQ-1). For assessing the validity of the FFQ we analyzed data
from 45 participants who additionally filled in four 3-day DRs
(one per year season), and compared the information in the DRs
with the information in the FFQ-1. In order to minimize misreport-
ing, participants who reported energy intakes below percentile
5" or above percentile 95" (18) were excluded. Therefore, the
final sample size for the assessment of reproducibility and validity
comprised 67 and 37 participants, respectively.

DATA COLLECTION

At baseline, parents or legal tutors completed a paper-based
self-administered questionnaire, which gathered information
about socio-demographic background, medical records, family
history, dietary habits, and lifestyle variables, including weight and
height. Previous studies have concluded that reported anthropo-
metrical data are a viable alternative when direct measurements
are not available (19). Body mass index (BMI) was calculated as
weight (in kilograms) divided by squared height (in meters) to
classify participants according to their nutritional status using the
International Obesity Task Force (I0TF) standard of reference (20),
which includes sex- and age-specific BMI cut-off points for normal
weight, overweight, and obesity. We chose the I0TF as standard of
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reference to facilitate comparison with international studies (21).
BMI-related sex- and age- specific z-scores were calculated using
the LMS method (20).

Physical activity was recorded with a questionnaire that included
14 activities, including sports, and 9 categories of response from
“never” to “more than 11 hours/week”. METs-h/week for each
activity were calculated by multiplying the number of Metabolic
Equivalents of Task (METS) for each activity by weekly participation,
weighted according to the number of months dedicated to that activ-
ity. Total physical activity was quantified by summing the METs-h/
week dedicated to all activities performed during leisure time.

Participants’ and mothers’ ages were calculated as the differ-
ence between their birthdate and the date when the questionnaire
was completed. We gathered the maternal and paternal highest
academic degrees, and defined high education as having a uni-
versity, master, or doctor degree.

DIETARY ASSESSMENT
Food frequency questionnaire

We developed an ad-hoc semi-quantitative 138-item FFQ for
the SENDO project. For each food item, the standard portion size
was specified and parents or legal tutors had to indicate how
often, on average, the participant had consumed the specified
amount during the previous year by choosing one of the 9 pos-
sible categories of response (“Never/almost never”, “1-3 times a
month”, “1 time a week”, “2-4 times a week”, “5-6 times a week”,
“1 time per day”, “2-3 times per day”, “4-6 times per day” and
“more than 6 times per day”).

This FFQ was based in a previously validated FFQ for the Span-
ish adult population (22), but some modifications were made to
include foods typically consumed by children, and to adapt portion
sizes based on other pediatric cohort studies (23) and the Spanish
dietary guidelines. We did not include any pictures in the FFQ.

At baseline, participants received the FFQ-0 with detailed
instructions to complete it correctly. One year later, the partici-
pants received the FFQ-1 so we could assess its reproducibility

12-month time frame

FFQ1
N=67

3-day DR

- 3-day DR 3-day DR
N=37 N=37 N=37 N=37

(Fig. 1).
| FFQ1
N=67

3-day DR

Figure 1.

Diagram of the assessment of reproducibility and validity of the food frequency questionnaire used in the pilot study of the SENDO project, 2015-2016 (FFQ: Food Frequency

Questionnaire; 3-day DR: 3 day dietary record).

[Nutr Hosp 2020;37(4):672-684]



VALIDITY AND REPRODUCIBILITY OF A SEMI-QUANTITATIVE FOOD FREQUENCY QUESTIONNAIRE IN SPANISH 675

PRESCHOOLERS — THE SENDO PROJECT

3-day dietary record

During the one-year follow up participants received one 3-day
DR every 3 months, with their respective instructions to fill it out
correctly. Each DR covered 3 days, including two weekdays and
one day during the weekend (either Saturday or Sunday).

Participant’s parents or tutors were asked to provide detailed
information about all foods and beverages consumed by the par-
ticipant, using either home-made measurements, portion sizes
or weights. In order to improve the reliability of the records, we
provided participants with an electronic scale they could use to
weigh the consumed foods and beverages. In addition, parents
or tutors registered the time and location of each meal, the food
preparation method, including used ingredients and fat type, as
well as food brand.

Foods were classified into the following groups: fruits, vege-
tables, dairy products, legumes, grains and potatoes, meat, fish,
eqggs, olive oil, other vegetable and animal fats, fast-food, sug-
ar-sweetened beverages, and bakery and sweets (Table I).

A trained team of dietitians derived nutrient content from each
food item, which was calculated by multiplying intake frequency
by the edible portion and the nutrient composition of the specified
portion size. We used data from updated Spanish food composition
tables (24) and from online databases (25,26) to calculate total
energy and nutrient intake, obtained by summing up the contribution
of each food item included in both the FFQ and the 3-day DRs.

STATISTICAL ANALYSIS

The results are presented as frequencies and percentages for
categorical variables, and as means and standard deviations (SD)
for quantitative variables. Variables that did not follow a normal
distribution (based on the results of the Shapiro-Wilk test of nor-
mality) were log-transformed (log, ). All food groups and nutrients
were adjusted for total energy intake using the residual method,
with total caloric intake as the independent variable and the cor-
respondent nutrient as the dependent variable.

To assess the reproducibility or validity of the FFQ, we compared
data from FFQ-0 with data from FFQ-1, and data from FFQ-1
with the mean intakes of the four 3-days DRs, respectively. We
chose FFQ-1 rather than FFQ-0 because the former covered the
intakes during the previous year, when the four 3-days DRs were
collected.

The correlations of all food groups and nutrients were calcu-
lated with unadjusted and energy-adjusted Pearson’s correlation
coefficients (r). To correct for the season-to-season variations in
dietary intake observed in the DRs, we also calculated deattenu-
ated Pearson’s correlation coefficients (deattenuated r).

To better describe the agreement between the corresponding
dietary assessment tools, we used the Bland-Altman method,
which consists of calculating the mean of the differences observed
between the two dietary assessment tools and its 95 % confidence
interval. The Bland-Altman index (%) represents the percentage

Table I. Food groupings used in the reproducibility analysis, assessed with the FFQ

Orange, banana, strawberry, apple, nuts, pear, melon, mango, kiwi, grapes, peach, watermelon, natural juice,

Fruits ) . . )
avocado, pineapple, tangerine, cherry, plum, fig, and olive
Vegetables Tomato, asparagus, pepper, lettuce, carrot, cauliflower, chard, pumpkin, green bean, leek, eggplant, and
other vegetables
Whole milk, semi-skimmed milk, non-fat milk, whole yoghurt, non-fat yoghurt, fresh cheese, petit-suisse
Dairy products cheese, old cheese, cheese slices and cheese in portions, cream, milk growth, milk enriched in calcium, milk
enriched in vitamin D, curd, milk without lactose, milk shake, fermented milk drink, and other cheese
Legumes Lentils, chickpeas, beans, and peas

Grains and potatoes

Rice, pasta, roast potatoes, white bread, whole-grain bread, and breakfast cereals

Chicken or turkey with skin, chicken or turkey without skin, rabbit, beef meat, pork meat, lamb meat,

pies, and popcorn

Meat sausages, cured ham, boiled ham, meat products (cured meats, mortadella, salami, bologna, and cold cuts),
paté, bacon, blood sausage, nuggets, meatballs, liver, and other entrails

Fish White fish, blue fish, crustaceans and molluscs, and fish products

Eggs (Hen) eggs

Olive oil Virgin olive oil, and olive oil

Other vegetable and animal Sunflower oil, butter, and mayonnaise

fats

Fast food Pizza, hamburger, French fries, snacks, fried tomato sauce and ketchup, croquettes, packet soup, lasagne,

Sugar-sweetened
beverages

Sugar-sweetened soft drinks, light soft drinks, bottle fruit juices, fruit juices without sugar, non-carbonated
low-calorie beverages made with natural sweeteners and 20 % fruit juice, and energy drinks

Chocolate, sugar, jam, simple cookies and home-made pastries, chocolate cookies, tea pastes, industrial

Bakery and sweets

bakery, muffins (processed), ice-creams, custard, candy, cocoa, cream cocoa, fruit in syrup, gelatin, nougat,
chewing gum without and with sugar, candy without sugar, and jelly beans
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of the differences that fall beyond these limits. On the other hand,
to better describe agreement across categories of consumption,
we classified participants into quintiles of food consumption and
nutrient intake according to the information obtained from: 1) FFQ-1,
and 2) mean of the four 3-day DRs, and used contingency tables to
cross-tabulate quintile distribution and compare both classifications.
We first calculated the weighted kappa index. Secondly, we estimat-
ed the percentage of agreement or gross classification in two dietary
assessment methods as the percentage of participants categorized
into the same/adjacent or opposite quintiles, respectively.

All tests were conducted with the statistical program STATA
12.1. All analyses were two-tailed, and the statistical significance
cut-off point was set a priory at a p value of 0.05.

RESULTS

The baseline characteristics of the participants are shown in
table II. Out of the 79 participants, 12 were excluded because
they reported an energy intake outside of the predefined lim-
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its, thus the final sample consisted of 67 participants, most of
them girls (55.2 % in the FFQs and 62.2 % in the 3-day DRs),
with a mean age of 5 to 6 years. Among these participants, 37
completed the four 3-day DRs. Their mothers, middle aged and
mostly highly educated women, were the most common respon-
dents in both the baseline questionnaire and the 3-day DRs. Mean
energy intake was higher among boys as compared with girls in
both the group where we assessed reproducibility (2,274 kcal
[SD: 475] vs. 2093 kcal [SD: 338], p = 0.07) and in the group
where we assessed validity (1,610 kcal [SD: 253] vs. 1,435 kcal
[SD:162], p = 0.01). Similarly, physical activity was also higher
among boys when compared with girls in both the group where
we assessed reproducibility (47.96 METs-h/week [SD: 34.94] vs.
26.98 METs-h/week [SD: 17.42], p = 0.002) and in the group
where we assessed validity (50.63 METs-h/week [SD: 36.85] vs.
24.34 METs-h/week [SD: 12.67] p = 0.003).

Daily intakes of each food group, as well as macro and micro-
nutrients are shown in table Ill. The FFQ-0 and the FFQ-1 tended
to report a higher food consumption, and higher energy and nutri-
ent intakes when compared to the 3-day DRs.

Table Il. Baseline characteristics of participants in the pilot study of the SENDO Project
2015-2016 after excluding subjects who reported energy intakes above percentile 95"
or below percentile 5. Numbers are means (standard deviations) or percentages

Reproducibility Validity

n 67 37
Age (years) 5.7(0.9) 5.8(0.8)
Sex [Girls] (%) 55.2 62.2
Race [White] (%) 98.5 97.2
Position among siblings

The oldest and singletons 41.8 43.2

2/3 or 2M-31/4 43.3 48.7

The youngest or beyond the 4 14.9 8.1
BMI (z-score) 0.18(1.0) 0.25(1.0)
Nutritional status

Low weight 12.7 9.7

Normal weight 74.6 80.7

Overweight or obesity 12.7 9.7
Supplement use (%) 3.1 0
Total energy intake in FFQ-0 (kcal/d) 2174 (412.0) 2200 (473.0)
Physical activity (METs- h/week) 36.4 (28.5) 34.3 (27.5)
Number of siblings

1or2 10.5 135

3ord 731 83.8

5 or more 16.4 2.7
Responder of the questionnaire [mother] (%) 80.6 81.1
Mother’s age (years) 41.7 (3.9) 40.9 (3.4)
Mothers with high education (%) 81.8 87.7
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Table lll. Daily consumption of food groups and nutrients estimated according the food
frequency questionnaire 0 (FFQ-0), food frequency questionnaire 1 (FFQ-1) and four
3-day dietary records (3-day DRs) in the pilot study of the SENDO Project. Numbers are
means (standard deviations) unless otherwise stated

FFQ_0 FFQ_1 3-day DRs

n 67 67 37
Macro and micronutrients
Total protein (% E) 17.7 3.7) 17.7 3.7) 18.4 (3.1)
Total CH (% E) 46.6 (3.7) 456 (9.5) 45.0 (7.1)
Total fat (% E) 35.7 (7.6) 36.1 (7.3) 34.6 (5.6)
MUFA (% E) 17.8 (5.4) 16.1 (4.7) 12.9(2.2)
PUFA (% E) 5.1(2.0) 4.7 (1.5) 42(1.1)
SFA (% E) 14.53.7) 14.6 (3.6) 13.4(2.4)
Cholesterol (mg/d) 315.0 (47.8) 331.5(83.9) 277.3 (64.1)
Sugar (g/d) 131.1 (22.0) 140.2 (23.5) 79.0 (13.5)
Vit. A (ug/d) 1077 (386.4) 1056 (390.7) 556 0(224.1)
Vit. B, (thiamin) (mg/d) 1.8(0.2) 1.9(0.2) 0(0.2)
Vit. B, (riboflavin) (mg/d) 2.2(0.3) (0.3) 5(0.2)
Vit. B, (niacin) (mg/d) 31.6 (4.3) 33.0 (4.5) 23.0 3.3)
Vit. B, (piridoxine) (mg/d) 2.3(0.4) 2.4 (0.4) 1.5(0.3)
Folic acid (ug/d) 311.8 (66.4) 309.9 (66.2) 161.3 (57.9)
Vit.B., (1g/d) 49(1.2) 5.4 (1.3) 4.2(1.5)
Vit. C (mg/d) 146.5 (48.4) 136.7 (56.8) 81.1(27.2)
Vit. D (ug/d) 2.9(1.9) 3.5(2.1) 3.4(1.8)
Na (mg/d) 3251 (856.4) 3482 (1160) 1450 (228.9)
K (mg/d) 3777 (562.6) 3588 (481.2) 2399 (364.8)
Ca (mg/d) 1338 (225.8) 1366 (242.5) 798.4 (137.0)
P (mg/d) 1631 (178.8) 1711 (190.1) 1080 (156.1)
Mg (mg/d) 336.0 (148.1) 334.5 (158.6) 201 7 (24.0)
Fe (mg/d) 13.9(1.6) 14.6 (1.8) 4 (1.6)
[ (ug/d) 124.3 (22.2) 131.4 (20.0) 260 7(115.9)
Zn (mg/d) 9.7 (1.0) 9.6 (1.1) 1(0.5)
Energy (kcal) 2174 (412) 2298 (425) 1 475 210.4)
Food groups
Fruits (g/d) 308.6 (185.5) 370.3 (265.1) 200.9 (83.5)
Vegetables (g/d) 2135 (122.8) 150.8 (80.0) 97.9 (39.1)
Dairy products (g/d) 345.5 (179.5) 298.6 (193.1) 338.2 (119.5)
Legumes (g/d) 25.2 (11.5) 20.6 (12.1) 10.2 (7.7)
Grains and potatoes (g/d) 67.2 (41.3) 78.6 (48.5) 121.8 (30.4)
Meat (g/d) 136.7 (51.2) 146.8 (45.3) 103.7 (20.8)
Fish (g/d) 32.6 (26.8) 61.2 (27.5) 43.8 (23.1)
Eggs (g/d) 25.7 (8.6) 25.7 (8.6) 22.5(10.8)
Olive oil (g/d) 25.0(12.0) 10 7(11.7) 20.2 (5.1)
Other vegetable and animal fats (g/d) 0(5.3) 9(4.9) 1.1(2.4)
Fast food (g/d) 47.6 (24.9) 62.7 (23.1) 52.3 (24.5)
Sugar-sweetened beverages (g/d) 13.4 (106.3) 26.8 (63.1) 6.2 (48.3)
Bakery and sweets (g/d) 54.5 (34.8) 58.0 (39.7) 95.0 (39.9)
Weighted kappa index for the agreement (FFQ-1 and the mean the percentage of participants misclassified (in opposite quintiles),
of four 3-day DRs) across quintiles of dietary variables, as well as are shown in table IV. The average weighted kappa index was
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Table IV. Percentage of participants in opposite quintiles in the food frequency
questionnaire 1 (FFQ-1) and 3-day dietary records (3-day DRs) for nutrients
and food groups, and weighted kappa index for agreement across quintiles

in the pilot study of the SENDO Project, 2015-2016

% in the lowest quintile in % in the lowest quintile in Weighted
3-day DR, and in the FFQ-1. and in the kappa
highest quintile in FFQ-1 highest quintile in 3-day DR index
Macro and micronutrients
Total protein (g/d) 0 70.3
Total carbohydrates (g/d) 0 716
Total fat (g/d) 0 68.9
MUFA (g/d) 0 5.4 64.9
PUFA (g/d) 10.8 0 59.5
SFA (g/d) 2.7 2.7 66.2
Cholesterol (mg/d) 2.7 0 73.0
Sugar (g/d) 0 0 78.4
Vit. A (ug/d) 0 2.7 66.2
Vit. B, (thiamin) (mg/d) 0 2.7 66.2
Vit. B, (riboflavin) (mg/d) 0 0 60.8
Vit. B, (niacin) (mg/d) 0 0 74.3
Vit. B, (piridoxine) (mg/d) 2.7 0 66.9
Folic acid (pg/d) 2.7 0 68.9
Vit. B, (Mg/d) 0 2.7 67.6
Vit. C (mg/d) 2.7 70.3
Vit. D (ug/d) 2.7 5.4 59.5
Vit. E (mg/d) 5.4 8.1 541
Na (mg/d) 2.7 54 58.1
K (mg/d) 0 2.7 71.6
Ca (mg/d) 2.7 2.7 73.0
P (mg/d) 0 0 824
Mg (mg/d) 54 2.7 67.6
Fe (mg/d) 0 0 70.3
[ (ug/d) 0 85.1
Zn (mg/d) 0 75.7
Energy (kcal) 0 5.4 68.9
Food groups
Fruits (g/d) 2.7 2.7 70.3
Vegetables (g/d) 0 2.7 62.2
Dairy products (g/d) 2.7 78.4
Legumes (g/d) 67.6
@Grains and potatoes (g/d) 77.0
Meat (g/d) 2.7 8.1 64.9
Fish (g/d) 0 73.0
Eggs (g/d) 54 55.4
QOlive oil (g/d) 2.7 2.7 66.2
Other vegetable and animal fats (g/d) 0 5.4 67.6
Fast food (g/d) 2.7 0 65.5
Sugar-sweetened beverages (g/d) 2.7 54 64.2
Bakery and sweets (g/d) 0 0 74.3
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69 % for nutrients and 68 % for food groups. Regarding gross
misclassification, it ranged from 0 to 10.8 % for nutrients and
from 0 to 8.1 % for food groups.

Figure 2 shows the percentage of agreement (i.e., participants
classified in the same or adjacent quintile using the FFQ-1 and
the mean of the four 3-day DRs). Substantial agreement was
found for total carbohydrates (70.3 %), sugar (75.7 %) and dairy
products (78.4 %), while an almost perfect agreement was found
for calcium (81.1 %), phosphorus (83.8 %), iodine (83.8 %) and
grains and potatoes (81.1 %).
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Figure 2.

Percentage of participants in the same or adjacent quintile in the food frequency
questionnaire 1 (FFQ-1) and 3-day dietary records (3-day DRs) for nutrients and
food groups in the pilot study of the SENDO project, 2015-2016. A. Macronutrients.
B. Micronutrients. C. Food groups.
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Regarding reproducibility, we found that all nutrients—except
vitamin A, vitamin B, , and vitamin C—were significantly correlat-
ed in the FFQ-0 and FFQ-1, with a significant energy-adjusted
Pearson’s r ranging from 0.29 (95 % confidence interval [CI]:
0.02-0.57) for cholesterol, t0 0.71 (95 % CI: 0.30-1.12) for mag-
nesium (mean energy-adjusted r for nutrients = 0.41,SD = 0.13)
(Table V). Regarding food groups, we found significant correlations
for all of them except for vegetables. The significant adjusted
Pearson’s r ranged from 0.27 (95 % Cl: 0.10-0.44) for fast food
t0 0.74 (95 % ClI 0.54-0.93) for other vegetable and animal fats
(mean energy-adjusted r = 0.41, SD = 0.16). The Bland-Altman
index, which indicates the percentage of the observed differences
between two methods of measurement that fall beyond the 95 %
limits of agreement, ranged from 0 % to 10.45 % for nutrients
and from 1.49 % to 10.45 % for food groups, showing a good
agreement overall.

The results of the validity analyses are shown in table VI. We
found significant correlations for energy, macronutrient and sev-
eral micronutrients, with a significant adjusted Pearson’s r ranging
from 0.33 (95 % CI: 0.09-0.58) for protein to 0.77 (95 % ClI:
0.65-0.89) for iron (mean energy-adjusted r = 0.36, SD = 0.20).
Regarding food groups, we found significant correlations for dairy
products, grains and potatoes, fish, and sweets, with a significant
energy-adjusted Pearson’s r ranging from 0.42 (95 % ClI: 0.21-
0.63) for sweets to0 0.59 (95 % ClI: 0.40-0.77) for grains and
potatoes (mean energy-adjusted r = 0.31,SD = 0.17). Overall, the
Pearson’s deattenuated r showed slightly stronger correlations.
Finally, the Bland-Altman index for nutrients ranged from 0 % to
16.22 % and from 0 % to 10.81 % for food groups.

DISCUSSION

To our knowledge, the FFQ used in this study is the first large
and semi-quantitative FFQ validated for Spanish pre-schoolers
using four 3-day DRs as standard of reference. Reproducibility
was tested by comparing the information gathered through the
FFQ, which was administered twice, at baseline and after one
year of follow-up. Validity was assessed by comparing the FFQ
itself with a total of twelve DRs, one 3-day DR every three months,
which allowed us to capture season-to-season variability. Overall,
our results showed that the FFQ of the SENDO project is a valid
tool to assess the dietary intake of nutrients and foods of Spanish
preschoolers.

Regarding reproducibility, we found Bland-Altman indexes from
0 to 10.45 % for nutrients, and from 1.49 % to 10.45 % for
food groups. The significant energy-adjusted r ranged from 0.29
to 0.71, and from 0.27 to 0.74 for nutrients and food groups,
respectively. Regarding validity, we found Bland-Altman indexes
from 0.81 % to 16.22 % and from 0 to 10.81 % for nutrients
and for food groups, respectively. The significant deattenuated r
ranged from 0.38 to 0.81 for nutrients and from 0.53 to 0.68
for food groups. The weighted kappa index for agreement across
quintiles ranged from 54.1 to 85.1 for nutrients and from 55.4
to 78.4 for food groups. Mean percentage of participants’ gross
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Table V. Reproducibility of the FFQ: Pearson’s correlation coefficients (r) and Bland-Altman
index (%) between the food frequency questionnaire 0 (FFQ-0) and the food frequency
questionnaire 1 (FFQ-1) for nutrients and food groups in the pilot study of the SENDO

Project, 2015-2016

Unadjusted r

|  Adjustedr

| Bland-Altman index (%)*

Macro and micronutrients

Total protein (g/d) 0.66" 0.37f 1.49
Total carbohydrates (g/d) 0.47° 0.371 5.97
Total fat (g/d) 0.63 0.42° 10.45
MUFA (g/d) 0.50° 0.43 1.49
PUFA (g/d) 0.68" 0.70° 8.96
SFA (g/d) 0.61° 0.42 7.46
Cholesterol (mg/d) 0.58 0.29° 1.49
Sugar (g/d) 0.53 0.42 7.46
Vit. A (ug/d) 0.24 0.08 10.45
Vit. B, (thiamin) (mg/d) 0.63 0.32¢ 2.99
Vit. B, (riboflavin) (mg/d) 0.59 0.44 7.46
Vit. B, (niacin) (mg/d) 0.64 0.40° 0

Vit. B, (piridoxine) (mg/d) 0.57 0.47 4.48
Folic acid (ug/d) 0.51 0.38f 0

Vit. B,, (Hg/d) 052 0.21 8.96
Vit. C (mg/d) 0.40° 0.20 2.99
Vit. D (ug/d) 0.45 0.33f 10.45
Na (mg/d) 0.62" 0.49 8.96
K (mg/d) 0.61 0.40° 2.99
Ca (mg/d) 0.50° 0.37t 10.45
P (mg/d) 0.65 0.50° 7.46
Mg (mg/d) 0.64 071 8.96
Fe (mg/d) 0.66" 0.54° 2.99
I (ug/d)) 0.64 0.51 8.96
Zn (mg/d) 0.69° 0.48 7.46
Energy (kcal) 0.64 10.45

Food groups

Fruits (g/d) 0.49 0.29¢ 4.48
Vegetables (g/d) 0.25¢ 0.11 7.46
Dairy products (g/d) 0.45 0.42° 5.97
Legumes (g/d) 0.47 0.38f 8.96
Grains and potatoes (g/d) 0.53 0.39¢ 5.97
Meat (g/d) 0.63° 0.45° 1.49
Fish (g/d) 0.65 0.64° 5.97
Eggs (g/d) 0.25° 0.34f 4.48
Olive il (g/d) 0.46° 0.53 2.99
Other vegetable and animal fats (g/d) 0.58" 0.74 10.45
Fast food (g/d) 0.40° 0.27t 4.48
Sugar-sweetened beverages (g/d) 0.55° 0.43 8.96
Bakery and sweets (g/d) 0.52" 0.29f 7.46

'n < 0.001;p < 0.05; *Percentage of subjects with values out of limits of agreement.

[Nutr Hosp 2020;37(4):672-684]
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Table VI. Validity of the food frequency questionnaire: Pearson’s correlation coefficients (r)
and Bland-Altman index (%) between the food frequency questionnaire 1 (FFQ-1)
and 3-day dietary records (3-day DRs) for nutrients and food groups in the pilot study

of the SENDO Project, 2015-2016

Unadjusted r Adjusted r Deattenuated r BI;':;A:E/':;f"
Macro and micronutrients

Total protein (g/d) 0.32 0.33f 0.42t 0
Total carbohydrates (g/d) 0.52' 0.481 0.631 5.41
Total fat (g/d) 0.18 0.36" 0.407 0
MUFA (g/d) 0.24 0.23 0.38 541
PUFA (g/d) 0.04 -0.08 -0.08 0
SFA (g/d) 0.22 0.24 0.28 5.41
Cholesterol (mg/d) 0.55" 0.43t 0.46t 2.70
Sugar (g/d) 0.54 0.58 0.64° 5.41
Vit. A (ug/d) 0.19 0.22 0.24 2.70
Vit. B, (thiamin) (mg/d) 0.48t 0.27 0.31 2.70
Vit. B, (riboflavin) (mg/d) 0.46' 0.441 0.49f 5.41
Vit. B, (niacin) (mg/d) 0.411 0.29 0.35 0
Vit. B, (piridoxine) (mg/d) 0.43t 0.357 0.38f 2.70
Folic acid (ug/d) 0.39° 0.46° 0.53f 2.70
Vit. B, (Hg/d) 0.36° 0.43f 0.45° 2.70
Vit. C (mg/d) 0.29 0.341 0.40° 2.70
Vit. D (ug/d) 0.09 0.08 0.08 8.11
Na (mg/d) 0.08 0.07 0.08 8.11
K (mg/d) 0.38f 0.471 0.511 8.1
Ca (mg/d) 0.19 0.43f 0.46° 10.81
P (mg/d) 0.59¢ 0.75 0.81 2.70
Mg (mg/d) 0.40¢ 0.03 0.03 8.1
Fe (mg/d) 0.53 0.407 0.481 0

| (Hg/d) 0.461 0.77 0.77 16.22
Zn (mg/d) 0.35 0.55° 0.64' 8.11
Energy (kcal) 0.35¢ 0.38f 5.41

Food groups

Fruits (g/d) 0.27 0.31 0.34 5.41
Vegetables (g/d) 0.26 0.29 0.30 2.70
Dairy products (g/d) 0.01 0.53 0.53 5.41
Legumes (g/d) 0.22 0.26 0.29 0
Grains and potatoes (g/d) 0.55 0.59° 0.68" 5.41
Meat (g/d) 0.12 0.04 0.05 10.81
Fish (g/d) 0.42t 0.57 0.59° 8.1
Eggs (g/d) 0.08 0.10 0.10 0
Olive oil (g/d) 0.65 0.30 0.32 541
Other vegetable and animal fats (g/d) 0.24 0.27 0.28 5.41
Fast food (g/d) 0.05 0.21 0.25 2.70
Sugar-sweetened beverages (g/d) 0.29 0.15 0.15 8.11
Sweets (g/d) 0.68° 0.42f 0.55" 8.1

‘0 < 0.001;"p < 0.05; *Percentage of subjects with values out of limits of agreement.

[Nutr Hosp 2020;37(4):672-684]
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misclassification —in opposite quintiles—was 1.7 % and 1.9 %
for nutrients and food groups, respectively.

Questionnaires have been recommended to be developed and
validated specifically for the populations that they are intended to
be used for, in order to produce valid and reliable data (6). World-
wide, FFQs have been validated in many adult populations for the
last 20 years. However, evidence from large-scale epidemiological
studies and nutrition surveys is scarce among preschoolers (27-
30). In our study, the estimations of energy and nutrient intakes
were similar to the ones reported in previous studies (31-33),
with small differences attributable to the participants’ age range,
study design, or the use of different statistical approaches (29).
Mean daily intakes for most nutrients and foods were higher in
the FFQ-1 than in the FFQ-0. Nevertheless, because differences
were small, it can be concluded that participants did not signifi-
cantly change their diet during the follow-up period. However,
the reported mean energy was 33 % higher in the FFQs than
in the four 3-day DRs, which might be due to different reasons.
First, the large number of food items included in the FFQ may
lead to an overestimation of dietary intake. Second, we used a
semi-quantitative FFQ (i.e., the standard portion size for each item
was specified), and differences with DRs in which participants
reported weighed portions have been reported previously (21).
From an epidemiological perspective, self-reported information
on dietary intake should be used to rank participants since, as
we also observed in this study, despite potential overestimation,
misclassification across quintiles is very unlikely (3,34). Third,
the difficulties of the 3-day DRs to capture those products con-
sumed in smaller amounts, such as legumes, fish or sugar-sweet-
ened beverages, could have interfered as well, as it has been
reported by previous studies in adult and pediatric populations
(22,35-39). Overestimation in dietary intake is frequent when a
FFQ designed for adults is used in pediatric populations (22), but
it is less common when the FFQ is designed ad-hoc, as it was in
our study. Finally, the observed difference can also be attributed,
at least partially, to a certain Hawthorne effect.

Our results showed a reasonable to good validity of the FFQ
compared with the mean of the four 3-day DRs. Overall, most
of the participants were correctly classified into the categories
of food consumption and nutrient intake, and misclassification
across quintiles was very unlikely. Consistent with previous
studies (17,28,35), our results emphasize that the FFQ is a
valid and useful tool to rank pediatric populations according to
dietary variables.

Correlation coefficients above 0.7 are usually assumed to
indicate a strong association, those between 0.3 and 0.7 are
interpreted as a moderate association, and coefficients below
0.3 indicate weak associations. In general, we found moderate
correlations, with a mean energy-adjusted Pearson’s r of 0.31
for food groups and 0.36 for nutrients. These results, usual in
validation studies, are sufficient to detect hypothesized associa-
tions between diet and health-related outcomes (40). As expected,
energy-adjusted correlations were found to be stronger, probably
because the inter-subject variability in intakes is highly associated
with total energy intake (39,41,42). The deattenuation of Pear-
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son’s r resulted in stronger associations as well, since it accounts
for the season-to-season within-subject variability observed in the
four 3-day DRs. Day-to-day variability could be minimized using a
higher number of DRs, but their use is not without limitations. In
this study we used four 3-day DRs over a year, which could have
affected the accuracy of recorded data due to increasing bore-
dom, potential alterations of dietary habits, and drop-outs (13).

Weak to strong correlations between the FFQs were observed
when assessing reproducibility, with a wider range in correlation
coefficients. Among nutrients, the significant energy-adjusted r
ranged from 0.29 for cholesterol to 0.71 for magnesium. Among
food groups, the significant energy-adjusted r ranged from 0.27
for fast food to 0.74 for other vegetable and animal fats. These
results are in agreement with those reported by previous studies
(17,25,43), but are discrepant with other studies, probably due
to differences in protocols (sample size, type of FFQ, foods and
nutrients evaluated), population, and between-subject variability.

Regarding reproducibility, we found weak correlations for vita-
min A, vitamin B, ,, vitamin C, and vegetables, and regarding valid-
ity, the lowest correlations were found for vitamin A, vitamin D, Na,
Mg, meat, eggs, other vegetable and animal fats, fast food, and
sugar-sweetened beverages. We acknowledge that the validity of
the FFQs to assess the intake of these items is limited, and thus
their results should be interpreted with caution, even more so
considering that these correlations were not statistically signifi-
cant. Nevertheless, similar results have previously been reported
in pediatric populations (37), perhaps because of broad response
categories in FFQs. We partially addressed this potential limitation
using the means of the four 3-day DRs (instead of one single
3-day DR), which is suggested to increase agreement between
methods. Another explanation is that the FFQ that we used was
long and thorough, while studies that used simple and short (less
than 100 food items) FFQs reported better results. More surpris-
ing is the inverse correlation for PUFA that was observed in the
validation analysis. Nevertheless, the Bland-Altman index, which is
the recommended method to assess agreement, resulted in 0 %,
meaning none of the observed differences fell beyond the limits
defined by the 95 % confidence interval.

Our study has several strengths. First, we used both direct
(cross-classification) and indirect (calculated nutrient intakes)
measures to assess the validity of the FFQ. The fact that we used
a semi-quantitative FFQ, in which portion size was defined, may
have facilitated agreement between both methods. Second, we
used weighted 3-day DRs as the gold standard of reference for
the validation study. DRs have been suggested to be the most
accurate and feasible method to evaluate dietary intake, especially
when quantities are primarily based on weighed portions. Third,
the DRs were collected along one year of follow-up, which allowed
us capture the season-to-season variability in dietary intake. Four,
in order to minimize measurement errors, participant families
received written instructions about how to complete the 3-day
DRs, and we gave them an electronic scales to weigh the con-
sumed foods and beverages. Finally, the correlation coefficients
were deattenuated to account for the within-subject variability in
the reported data.

[Nutr Hosp 2020;37(4):672-684]
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Nevertheless, the present study has some potential limitations.
Since we opted for a complete case analysis, we only considered
participants who completed the two FFQs (for the reproducibility
study) and those who completed the four 3-day DRs and the FFQ-
1 (for the validity analysis). Thus, from 170 participants in the pilot
study, 91 (53 %) were excluded due to missing data in either one
of the FFQs or at least in one of the 3-day DRs. We acknowledge
that sample size is below the recommendations, but previous
validation studies with less than 100 participants have also been
reported (15). Besides, we tried to compensate it by an exhaustive
collection of information; we gathered one 3-day DR for annual
season (12 DRs per participant), in contrast with studies that had
larger sample sizes but only collected one 3-day DR and thus
did not account for season-to-season variability (15). The included
and not included families could be different regarding lifestyle and
dietary habits, or even might have provided different information in
terms of accuracy, but these questions cannot be fully addressed
with our available data. Nevertheless, there is no evidence that
our findings cannot be generalizable. Second, self-reported dietary
assessment methods that required high involvement from partic-
ipants (such as DRs) may result in some inaccuracies, due to the
difficulty associated with the method itself, or with some changes
in participant’s dietary habits. Third, the FFQs used were self-ad-
ministered. Despite the potential bias, including an overestimation
of dietary intake as we have already discussed, the information
provided by self-reported dietary assessment methods has been
proven to be useful enough to be used in epidemiological studies
(3,6,34).

Fourth, the sequence of the dietary assessment tools may be
problematic, since the completion of one method first might affect
the performance on the second one. Although this process itself
could influence dietary habits, it is implausible that completing
the FFQ-0, a 10- to 15-minute section embedded in a general
questionnaire, could have appreciably affected the diet during the
subsequent year. Fifth, parents may not be fully aware of all food
items, as well as their portion sizes, consumed by their children
(e.g., food consumed at school). Moreover, they may report an
ideal diet, overestimating the “healthy foods” and underestimating
the “unhealthy” items. Sixth, the use of large periods of follow-up
in studies with preschoolers is inadvisable as their dietary intake
may rapidly change, increasing the risk of poor questionnaire
performance in validity and reproducibility studies. Our results
showed that dietary intake did not change significantly during
follow-up. Moreover, the one-year follow-up allowed to assess the
usual diet and to collect season-to-season variations. Finally, we
acknowledge that using biomarkers would have added certainty
to our results.

Since there is no standard FFQ, each questionnaire should
be judged for its ability to provide the information for which it
was intended. This 138-item self-administered, semi-quantita-
tive FFQ appeared to be a valid and useful tool to assess food
consumption and nutrient intake among Spanish preschoolers.
We found acceptable levels of both reproducibility and validity,
although a standardization of FFQ studies should be warranted so
that comparisons across publications can be more readily made.

[Nutr Hosp 2020;37(4):672-684]

In conclusion, despite its limitations, the FFQ developed for the
SENDO project may be a valid tool to collect self-reported dietary
information, and to be used in epidemiological research.
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Abstract

Background: obesity and associated cardiometabolic complications are increasing among adults with cerebral palsy (CP). Information in children
is scarce, and there is no consensus definition of obesity.

Objectives: to describe the frequency of obesity and metabolic complications in children and adolescents with CP.

Methods: a descriptive, cross-sectional study performed in two outpatient pediatric special needs centers. Demographic, anthropometric (Brooks
2011), and motor function (GMFCS) data, as well as antiepileptic use, were recorded. Fasting triglycerides (TG), total cholesterol (TC), vitamin D
(250HD), glycemia (GLY), and insulinemia levels were measured. The HOMA index was calculated.

Results: sixty-five patients were enrolled. Age was 10.8 = 4.9 years; 63.1 % were male; 81.6 % had GMFCS IV-V; 43.5 % had a gastrostomy;

Keywords: and 83.1 % were on antigpileptics. According to their BMI, 15.4 % were underweight (< 10™ percentile) and 10.8 % overweight (> 75" percentile).
Overall, 6.1 % had TC > 200 mg/dL, 21.4 % had TG > 110 or 130 mg/dL, 4.6 % had GLY > 100 mg/dL, 16.9 % had HOMA > 3, and 76.9 % had
Cerebral palsy. 250HD < 30 ng/mL. Children with BMI > 75" percentile had higher HOMA and insulin resistance rates than those with BMI < 75™ percentile. Elevated
82?;2%’/5 zgs;g:”r‘i::k TG were associated with high motor impairment and low vitamin D. HOMA was associated to female gender and BMI > 75" percentile.
Dyslipidemia. Insulin Conclusions: the frequency of cardiometabolic risk factors was high in this sample of pediatric patients with CP, associated with overweight, low
resistance. mobility, and vitamin D deficiency. We propose a BMI > 75" percentile as cutoff point for metabolic risk factors.
Resumen

Introduccion: la obesidad y sus complicaciones cardiometabdlicas han aumentado en los adultos con pardlisis cerebral (PC). La informacion
en la poblacion pediatrica es escasa y no hay consenso en la definicion de obesidad.

Objetivos: describir la frecuencia de la obesidad y sus complicaciones metabdlicas en nifios y adolescentes con PC.

Métodos: estudio transversal descriptivo realizado en dos centros pediatricos ambulatorios de pacientes con necesidades especiales de atencion
en salud. Se registraron datos demograficos, antropométricos (curvas de Brooks 2011), funcién motora (GMFCS) y medicamentos. En muestras
sanguineas en ayunas se midieron: triglicéridos (TG), colesterol total (CT), vitamina D (250HD), glucemia (GLI) € insulinemia. Se calculd el indice HOMA.

Resultados: participaron 65 pacientes con edades de 10,8 + 4,9 afios; el 63,1 % eran varones; el 81,6 % tenian GMFCS IV-V; el 43,5 % estaban
gastrostomizados y el 83,1 % tomaban antiepilépticos. Segun el IMC, el 15,4 % tenian bajo peso (< percentil 10) y el 10,8 % sobrepeso (> p75).

Palab lave:
alabras clave Del grupo total, el 6,1 % tenian CT > 200 ma/clL, el 21,4 % TG > 110 0130 mg/dL, el 4,6 % GLI > 100 mg/dL, el 16,9 % HOMA > 3y &l 76,9 %

Paralisis cerebral. 250HD < 30 ng/mL. Los pacientes con IMC > p75 tenian mayor frecuencia de HOMA >3 que aquellos con IMC < p75. La hipertrigliceridemia
gpesmad. (Fj{ed|atna|. se asocio a mayor discapacidad motora y a baja vitamina D, y el HOMA al género femenino y a un IMC > p75.

18Sg0 cardiovascuiar. . . ol s .
Dis”gidemia Conclusiones: la frecuencia de los factores de riesgo cardiometabdlico fue alta en esta muestra de pacientes pediatricos con PC, asociada al
Resistencia a la género, el sobrepeso, la baja movilidad y la deficiencia de vitamina D. Proponemos un IMC > p75, segun las curvas especificas de PC, como
insulina. punto de corte para el mayor riesgo cardiometabdlico.
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INTRODUCTION

Patients with cerebral palsy (CP) are surviving now longer than
in the past thanks to improved living conditions and medical treat-
ment. Mortality decreased by 3.4 % per year between 1983 and
2002 in a large cohort in California (1), and today most children
with CP reach adulthood, with severity of motor disability being
their main predictor of survival (2-4). Motor disability is closely
related to malnutrition (5), and malnutrition influences prognosis,
as the specific growth curves for children and adolescents with CP
demonstrated (6). These curves indicated a higher morbidity and
mortality among those with severe motor disability and weight/
age index (W/A) below the 20™ percentile, as well as among those
with mild disability and W/A below the 5" percentile. Gastrostomy
tube feeding is associated with higher morbidity and mortality (7),
although it may be an indicator of greater medical fragility rather
than an independent risk factor for poor prognosis (1,2,8). Limited
access to health care and lower familial socioeconomic level also
have an influence (2).

An emerging prognostic factor among individuals with CP is
obesity and body fat excess. In children aged 6 to 15 years of
age with CP and mild motor disability, obesity rates increased
from 7.7 % in 1994-1997 to 16.5 % in 2003-2004 (9). It has
also been reported that children with spastic quadriplegia CP have
higher levels of fatty infiltration of skeletal muscle, attributable to
physical inactivity (10). There is currently no standard definition of
obesity and body fat excess for children with disabilities (11); while
body mass index (BMI) and subcutaneous fat estimation using
skinfold measurement may underestimate body fat, a combination
of both may improve the accuracy of nutritional evaluation in CP
patients (12,13).

Adults with CP and obesity develop metabolic complications
and a higher cardiovascular risk, particularly those who are
non-ambulatory and have abdominal obesity (14). In children with
CP and mild motor disability, cardiorespiratory fitness is inverse-
ly correlated with BMI and central obesity (12,15). Overweight
increases the risk of dyslipidemia and high blood pressure in
adults with CP (16), but the evidence in the pediatric population
is scarce. Physical inactivity and overconsumption of calories are
the main factors leading to obesity among people with CP. It can
be exacerbated as most of them need only 60-75 % of the daily
energy requirements recommended for the general population
except for patients with serious spasticity or dystonic movements
(17-20). Another risk factor is the use of antiepileptics, that may
favor obesity, dyslipidemia, and hyperinsulinism (21).

The objective of this study was to describe the frequency of
overweight/obesity and associated metabolic complications in
children and adolescents with CP.

SUBJECTS AND METHODS

This descriptive, cross-sectional study was performed between
April 2014 and March 2015. A convenience sample of children
and adolescents with CP was enrolled at two outpatient clinics

S. Barja et al.

for children and adolescents with special healthcare needs, in
the Sétero del Rio and Padre Hurtado Hospitals, Santiago, Chile.
The primary caregiver was invited to participate, by telephone or
verbally, after a routine checkup visit. Patients aged 2-20 years,
diagnosed with CP by a pediatric neurologist, were included (22).
Those without an anthropometric evaluation (weight and height) or
with an acute iliness or hospitalization within the previous month
were excluded.

Data on demographic characteristics, primary caregiver, feeding
route (oral, nasogastric tube, gastrostomy tube), use of antiepi-
leptics or other drugs, and use of nutritional supplements were
recorded. Mobility was evaluated using the Gross Motor Function
Classification System, GMFCS (23). Levels | and Il were classified
as “mild motor impairment” and levels Il to V as “moderate-to-se-
vere impairment.”

For the anthropometric evaluation, patients were measured by
two evaluators (GS, MF). Patients were weighted on a scale, or
chair-scale (Seca®) if unable to stand. Standing height was mea-
sured if possible (GMFCS I-Ill); otherwise, length was measured
in complete extension (GMFCS I1I-V) or estimated based on tibial
length, if it was not possible with the above methods (6 patients
in group V) (24). CP-specific reference curves were used (6),
including the following indexes: weight for age (W/A), height for
age (H/A), and BMI by age, sex and GMFCS. The nutritional status
of each patient was classified according to the following ranges:
W/A = p5-75" was classified as “normal” in children with GMFCS
[to llll, or W/A = p20-75" for GMFCS IV and V; W/A < p5" or p20™,
respectively, was classified as “at nutritional risk”; W/A > p75®
was arbitrarily classified as “overweight”; and for BMI, < p10®
was considered “underweight,” BMI p10™ to p74" as eutrophic,
and BMI > p75" as “overweight/obese.” Finally, H/A = p5-p95™
was classified as normal height.

Fasting venous blood samples were used to measure glycemia
(GLY) according to the enzymatic method (Roche/Hitachi system).
Insulinemia was measured using an electro-chemiluminescent
immunoassay (Roche Cobas 8000®), and triglycerides (TG) and
total plasma cholesterol (TC) were measured using the enzymatic
colorimetric method (Roche/Hitachi). Plasma 25-hydroxyvitamin
D (250HD) was measured using liquid chromatography tan-
dem-mass spectrometry (LC-MS/MS). All samples were pro-
cessed at the same certified laboratory. The following values were
considered abnormal: TC > 200 mg/dL was considered “high”
and TC = 170-200 mg/dL “at risk”. TG: > 110 mg/dL was con-
sidered “high” in children under 10 years of age, or > 130 mg/
dL in children 10 years or older; TG = 75-99 or 90-129 mg/dL
were considered “at risk,” respectively (25). GLY > 100 mg/dL,
HOMA index > 3 and insulin > 17 pg/dL were considered “high”
(26). Normal vitamin D (sufficiency) was defined as 250HD > 30,
insufficiency as 21 to 29, and deficiency as < 20 ng/mL (27).

STATISTICAL ANALYSIS

Descriptive statistics were calculated for all variables, including
absolute and relative frequency for categorical variables. For con-

[Nutr Hosp 2020;37(4):685-691]



OBESITY AND CARDIO-METABOLIC RISK FACTORS AMONG CHILDREN AND ADOLESCENTS WITH CEREBRAL PALSY 687

tinuous variables, a Ryan-Joiner normality test was performed:;
variables with a normal distribution were expressed as aver-
age = standard deviation (SD), and variables without a normal
distribution as median and interquartile range (IQR: p25™;75").
For comparisons between numerical variables, Student’s or
nonparametric tests (Mann-Whitney) were used (for normal or
non-normal distributions, respectively). For the association anal-
ysis, Pearson’s or Spearman’s correlation methods were used.
Metabolic variables were treated as dependent variables, and
age, gender, nutritional diagnostic, motor function, 250HD, and
antiepileptics use as independent variables. Chi? and Fisher’s
exact tests were used to compare the frequency of risk factors
between groups. For comparisons, the metabolic category “at
risk” was joined to “high”. Univariate and multiple regression
test were applied. A p-value < 0.05 was considered significant.
Statistical analyses were performed using the software package
MINITAB 17°.

ETHICAL STATEMENT

This study complied with all norms in the Declaration of Helsinki
(2013). Approval for this study was granted by two Ethics Com-
mittees, those of the Universidad Catdlica de Chile (N° 14-124)
and the Public Health System (8-22-2013). Caregivers signed an
informed consent document. Participants with cognitive impair-
ment were not asked for an assent.

RESULTS

The sample included 65 patients. Average age was 10.8 + 4.9
years, 63.1 % were male, 29.7 % had a premature birth, and
median birthweight was 3125 g (IQR: 2,120; 3,715).

In terms of motor function, 6 patients (9.2 %) were in level |,
2 (3.1 %) inlevel I, 4 (6.1 %) in level lll, 12 (18.5 %) in level IV, and
41 (63.1 %) in level V. Their feeding route was oral (49.2 %), via
gastrostomy (37 %), through a nasogastric tube (6.1 %), or mixed
(7.7 %). Most patients (75.4 %) were taking antiepileptics, 34.9 %
were taking one, 28.8 % two, and 20.3 % three or more medica-
tions. In total, 28.1 % were taking valproic acid, and 43.8 % were
taking enzyme-inducing antiepileptic drugs, including phenytoin,
phenobarbital, or carbamazepine.

Only 23.1 % had normal 250HD (sufficiency), 49.2 % had
vitamin D insufficiency, and 27.7 % had vitamin D deficiency.

Regarding nutritional assessment: 17.2 % had W/A within the
range of nutritional risk (6), 62.5 % were eutrophic, and 20.3 %
had overweight. According to their BMI, 15.4 % were underweight,
73.8 % were eutrophic, and 10.8 % had overweight. In terms of
height, 4.6 % were tall and 95.4 % were normal.

Table | shows the results obtained for the cardiovascular risk
factors studied, and figure 1 illustrates the frequency of metabolic
variables in the ranges of normal, at-risk, and abnormal.

A univariate analysis was performed to study the association
of each metabolic variable with different factors. Female patients
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Table I. Metabolic variables in 65 children
and adolescents with cerebral palsy

Variable
Total cholesterol (mg/dL), mean + SD 151.4£27.3
Triglycerides (mg/dL), median (IQR) 84 (59.0; 108.5)
Glycemia (mg/dL), mean = SD 84172
Insulinemia (pU/dL), median (IQR) 8.7 (5.3;11.5)
HOMA IR, median (IQR) 1.7(1.0; 2.5
250HD (ng/mL), mean + SD 249 + 8.6

HOMA IR: HOmeostasis Model Assessment index for Insulin Resistance,
250HD: plasma 25-hydroxyvitamin D.

100
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OAcceptable ®AtRisk ®Abnormal

Figure 1.

Frequency of metabolic factors in 65 children and adolescents with cerebral palsy.
Total cholesterol (TC): acceptable (< 170 mg/dL), at risk (170-200 mg/dL) or
high (> 200 mg/dL). Triglycerides (TG): acceptable (< 75 mg/dL in children under
10 years of age, or < 90 mg/dL in children 10 years or older), at risk (75-99 or
90-129 mg/dL) or high (> 100 or 130 mg/dL), respectively (25). Glycemia (GLY):
acceptable (< 100 mg/dL) or high (> 100 mg/dL). HOMA index: acceptable (< 3)
or high (> 3). Vitamin D (250HD): acceptable (> 30 ng/mL), at risk (21 to 29 ng/
mL) or abnormal (< 20 ng/mL).

had a higher frequency of IR than males: 9/24 (37.5 %) vs. 2/41
(4.9 %), chiz p = 0.001; HOMA and insulinemia were higher in
females than males: median 2.2 (1.2; 3.3) vs. 1.5 (1.0; 2.2),
p = 0.035, and 9.85 (5.6; 15.9) vs. 7.5 mg/dL (4.6; 10.3),
p = 0.03. Females had also higher triglyceride levels: 91.5 (74;
112.7) vs. 77 mg/dL (563.5; 101), p = 0.028. There was no dif-
ference according to gender for TC, GLY, and 250HD, nor between
age and all the metabolic variables.

In terms of motor function, TGs and insulinemia were higher
among patients with moderate to severe impairment than among
those with mild impairment; HOMA had a similar, but non-signif-
icant tendency (Table II).

For nutritional status, there was no association between W/A
and any of the metabolic variables; however, BMI had a direct
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Table Il. Metabolic variables in 65 children and adolescents with cerebral palsy,
according to their motor function disability score (GMFCS)
Variable GMFCS I-lI GMFCS llI-V P*
n 8 57 -

Age (years) 8.98 + 4.6 11.05+4.9 0.26°
Mean + SD 156.6 + 27.2 150.7 + 27.5 0.582

Total cholesterol (mg/dL) High, n (%) 3(37.5) 15(26.3) 0.5°¢
o Median (IQR) 53.5(39.7; 78) 88.0 (66.5;110.5) 0.005°
Triglycerides (mg/dL) High, n ( %) 1(12.5) 07 (47.4) 0.046 °

Siycernia (mg/dL) Mean = SD 831105 843 +6.7 0.7¢
y g High, n (%) 1(12.5) 2 (3.5) 0.33°¢

, Median (IQR) 4.9 (3.77; 8.02) 9.1(5.8;11.6) 0.04°

Insulin (uUfal) High, n (%) 0(0) 4(7.0) 10°
HOMA Median (IQR) 1.01(0.7;1.8) 1.96 (1.2; 2.6) 0.09°

High, n ( %) 1(12.5) 10 (17.5) 0.7¢

Mean + SD 238+9.0 254+ 8.6 0.72

250HD (ng/mb) Suboptimal, n (%) 6 (75.0) 44.(77.9) 0.9°¢

*n < 0.05 ( Student's test, ® Mann-Whitney test, ¢ chi-squared test).

Table Ill. Metabolic variables in 65 children and adolescents with cerebral palsy,
according to their nutritional status (BMI, Brooks 2011)

Variable BMI < p75™ BMI > p75t" P*
n 58 7
Age (years) 106 4.7 123+6.5 05
Mean + SD 150.7 + 27.6 157.9 + 25.6 0.5
Total cholesterol (mg/dL) High. n (%) 16 (27.6) 2(28.6) 0.9°¢
o Median (IQR) 83 (59; 108.2) 84 (53; 133) 0.9°
Trighycerides (mg/d) High, n ( %) 26 (44.8) 2 (28.6) 0.4°
—— Mean + SD 84.07 = 7.4 849+ 6.3 0.8¢
y ¢ High, n ( %) 3(5.2) 0(0) 1¢
. Median (IQR) 8.15 (5.3; 11.1) 135 (6.3; 18.9) 0.06°
Insulin (ul/dl) High, n (%) 2 (3.45) 2 (28.6) 0.05¢
oA Median (IQR) 171 (1.04; 2.32) 3.17 (1.35: 3.55) 0.049"
High, n ( %) 7(12.1) 4(572) 0.012¢
Mean + SD 25.2+8.8 22.3+6.4 0.3
250HD (ng/mb) Lown (%) " 44 (75.9) 6(85.7) 05°

*n < 0.05 ( Student’s test, ® Mann-Whitney test, ¢ chi-squared test); T Low 250HD: < 30 ng/mL (insufficiency + deficiency).

correlation with TC (Pearson’s r: 0.29, p = 0.021), and as shown
in table lll, children with BMI > p75™ had higher HOMA, and IR
frequencies than those with BMI < p75™, There was no difference
between the group with BMI > p90™ and that with BMI < p90™
regarding any of the metabolic variables.

Patients who used antiepileptics had a tendency to higher
insulinemia than those who did not use them: 9.1 (6.1; 11.8)
vs. 5.7 (4.02; 9.6) ng/dL, p = 0.059, as well as a higher HOMA:

2.01 (1.22; 2.7) vs. 1.27 (0.80; 1.92), respectively, p = 0.06,
and a higher frequency of IR: 11/49 (22 %) vs. 0/13 (0 %), chi?
p = 0.03, but there were no associations between use of antiepi-
leptics and other metabolic variables, or any differences between
specific drugs.

Patients with low vitamin D levels (deficiency + insufficien-
cy) tended to have higher TGs than those with normal vitamin D
(Fig. 2). The proportion was: 25/50 (52 %) versus 3/15 (20 %),
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Figure 2.

Plasma triglycerides according to vitamin D status in 65 children and adolescents with cerebral palsy.
Medians (black squares) are connected by a dotted line. Vitamin D (250HD): normal (> 30 ng/mL), Low (< 30 ng/mL).

*p = 0.06, Mann Whitney test.

respectively (chi?, p = 0.04). Vitamin D was not associated with
the other metabolic variables.

There was a direct correlation between TG and HOMA levels, but
this association did not reach the level of significance (Spearman’s
r:0.15, p = 0.23); however, TGs were higher among patients with
IR: 78.0 (IQR: 56.5; 102) vs. 111 (88; 151), Mann-Whitney test,
p = 0.003.

Finally, a multiple regression analysis was performed to iden-
tify the factors underlying high TG concentrations—the following
variables were included: sex, BMI, GMFCS and vitamin D status.
Only motor function (p = 0.007) and vitamin D status (p = 0.025)
contributed significantly, and the model had an R?=29.05 % and
an adjusted R>= 23.04 % (p = 0.001). Regarding HOMA, the
variables were gender and BMI status: both contributed signifi-
cantly (p = 0.004 and 0.029, respectively) to HOMA variation in
the final model (p = 0.002), with an R?= 17,6 % and an adjusted
R?=14.97 (p = 0.002).

DISCUSSION

This study explored the metabolic morbidity associated with
overweight in 65 children and adolescents with CP. There was
a high frequency of dyslipidemia and insulin resistance in this
sample, with rates comparable to those of the general popula-
tion. Severity of motor disability and vitamin D deficiency were
associated with elevated plasma triglycerides, while gender and
BMI > p75™ (with CP-specific curves) were associated to insulin
resistance.

[Nutr Hosp 2020;37(4):685-691]

The high frequencies of elevated TC (6.1 %) and TG levels
(21.4 %) were comparable to those of the country’s general pedi-
atric population, reaching 4.9 and 19.5 %, respectively (28,29).
This finding is somewhat surprising given the low proportion of
patients with overweight in this sample, which is the main risk
factor for dyslipidemia.

Most studies in children with CP have reported low rates of obe-
sity, from 3 % to 18 % (30), but there is no consensus on the
reference curves, anthropometric measurements, or cutoff points
to define obesity that should be used. Furthermore, it should be
noted that BMI alone is insufficient to establish nutritional status
in this population, given the variations in body composition found
in patients with CP, such as high body fat mass, high body fat
percentage, and low lean body mass (11,20), which may be exac-
erbated by severe gross motor impairment (31). In this study, we
used the CP-specific growth charts published by Brooks in 2011
(6), and only 10.8 % had a BMI at or above the 75™ percentile. We
used these curves because nutritional problems are frequent in
children with CP, and they also have different growth patterns when
compared to the general population, determined by non-nutritional
factors that are not modifiable by optimal feeding. Finally, we chose
the 75" percentile as the cutoff, which is a stringent limit, in order to
include all patients with excess body fat, as the sarcopenia associ-
ated with CP can favor a low BMI even in those with excess of fat.

The prevalence of dyslipidemia reported for individuals with CP
varies between 0 % and 39 % (29), attributable primarily to low
physical activity (32,33). This association was observed in our
sample as well, as severe motor impairment was directly correlat-
ed with TG levels. Dyslipidemia was also associated with IR in our
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sample, and the frequency of IR was 27.7 %, which is comparable
to that of the general population (29). IR increases lipolysis and
the release of fatty acids into the bloodstream, pathophysiological
mechanisms underlying the development of dyslipidemias and
other cardiovascular risk factors, that potentially could mediate
the link between immobility and high TG levels.

It has been reported that enzyme-inducing antiepileptic drugs
raise blood lipids, and that valproic acid is a risk factor for hyper-
triglyceridemia, likely because it increases appetite and thereby
favors weight gain (34). In this sample there was no association,
possibly because most of the patients had very low autonomy for
eating. While patients taking antiepileptics indeed had greater fre-
quency of IR, there was no difference between drugs, possibly due
to the small sample size. As in the general population, insulinemia
and HOMA were higher among females, which is attributable to
differences in body composition and sexual maturity (28).

Another nutritional factor to consider is vitamin D status, as
deficiencies have been widely reported for the CP population,
associated with reduced exposure to sunlight, low food content,
insufficient pharmacological supplementation, and use of antiepi-
leptics (35-37). Overweight also favors vitamin D deficiency, which
in turn is associated with metabolic disorders; however, these
disorders improve if weight loss and/or reduction of abdominal
fat are achieved, but not with vitamin D supplementation. Vitamin
D insufficiency or deficiency was very frequent in this sample,
associated with higher TGs, in agreement with other reports, along
with metabolic syndrome (38). In our sample this association with
TG levels was independent of BMI, as the multiple regression
model showed a significant effect of this variable on TGs, along
with a lower gross motor function.

There is scarce evidence on the deleterious effects of over-
weight or obesity among children and adolescents with CP.
Anthropometric measurements and cutoff points should be stan-
dardized in order to improve the interpretation of results, and
equations to estimate body fat mass based on skinfold measure-
ments should be refined using results from more precise body
composition studies (11,13,31,39). In this sample there was no
association between various W/A cutoff points and the metabolic
variables studied, but we found a correlation for BMI at or above
the 75" percentile with hyperinsulinemia and IR. It has been rec-
ommended to keep the tricipital skinfold under the 50 percentile
(40) in patients with neurological disorders to avoid excess fat
mass, but the measurement of skinfolds is not always available.
Also, they represent only the subcutaneous fat, with abdominal
fat being the compartment associated with metabolic outcomes. A
measurement of the abdominal perimeter was not possible in our
sample, because most of the patients were not capable to stand
up. In regular clinical assessments patients are always weighted,
and even though stature is frequently difficult to measure, BMI
is usually calculated. As in the general population, BMI is the
simplest method to define excess weight in this group of patients,
and we have demonstrated that a more exigent cutoff point has an
acceptable relationship with some metabolic outcomes.

This is the first study in our country to explore cardiovascular
risk factors in pediatric patients with CP. A major strength is the

S.Barjaetal.

identification of a possible cutoff-point for BMI as a risk factor for
IR. Sample size was large enough to demonstrate the presence
of metabolic complications, the patients were evaluated by only
two coauthors, according to common criteria, and the tests were
performed in a certified laboratory. Limitations of this study include
the use of a convenience sample and a predominance of patients
with severe gross motor disability, which is not representative of
the general population with CP. However, it is necessary to high-
light that it is precisely in this group of patients that our knowledge
is more limited regarding cardiometabolic outcomes. Height was
estimated by tibial length in six patients in the GMFCS-V group,
50 their BMI could be slightly biased. The estimation of height with
Stevenson’s equations is an accepted method to cope with this
limitation of anthropometric evaluation in PC patients. It would
have been helpful to measure or estimate body fat mass, but the
use of a stringent BMI cutoff was fairly adequate to demonstrate
an association between excess fat and hyperinsulinemia or IR,
as the study included children with severe disability and lower
bodyweight, but likely greater adiposity.

Worldwide, improvements in the care of patients with CP have
increased their lifespan. One of such advances has been the use
of gastrostomy tube feeding, as well as a greater availability of
enteral formulas and supplements to optimize nutrition. However,
this should not be at the expense of excess body fat due to over-
feeding (20). The findings of this study underline the importance
of an adequate nutritional evaluation and treatment, by trained
professionals within the multidisciplinary team, to optimize nutri-
tional status, avoiding both deficiencies and excesses, and favor-
ing better long-term health in patients with CP.

In conclusion, among this sample of children and adoles-
cents with CP, the frequencies of hypercholesterolemia, hypertri-
glyceridemia and IR were high and comparable with those of the
general pediatric population. Considering these high frequen-
cies, the low proportion of overweight or obesity according to
CP-specific growth curves suggests a high body fat percentage
among our patients. In terms of risk factors, motor disability and
250HD were directly correlated with TG; also, gender and BMI
were correlated with HOMA. BMI > p75™" was associated with
higher insulinemia and IR levels, so this cutoff point could be
considered a metabolic risk factor in this group, although this
finding should be confirmed by further studies with a long-term
follow-up.
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Resumen

Introduccion: muchos nifios obesos seran adultos obesos a menos que adopten y mantengan patrones saludables de alimentacion y actividad
fisica. Se han descrito: ansiedad en nifios con sobrepeso y obesidad en ambientes de familias disfuncionales, repercusion en la calidad de vida
y riesgo de algtn desorden alimenticio.

Objetivo: identificar la ansiedad en presencia de alimentos en escolares de Baja California Sur.

Material y métodos: estudio de tipo encuesta trasversal en 406 escolares de 8 a 13 afios de edad; se realizd un calculo del estado nutricional
y se efectud una medicion del test de actitudes hacia la alimentacion (punto de corte de > 20); se recopilaron el nivel socioecondmico, el tipo
de familia y la ingesta de comida chatarra. Se realizd una estadistica descriptiva con medidas de asociacion mediante la prueba t de Student y
prueba de chi?. Se obtuvieron el consentimiento informado de los padres y el asentimiento del menor.

Resultados: se evaluaron 406 escolares con edades de 10,4 + 1,2. El 53 % presentaron peso saludable, el 44 % sobrepeso y obesidad, y el
3 % bajo peso. Predoming la familia funcional con un 67 %. Se constté un nivel socioecondmico medio en el 64 %. El 94 % consumen alimentos
chatarra. Existe asociacion entre ansiedad en presencia de alimentos y nivel socioecondmico, y entre ansiedad en presencia de alimentos y estado
nutricional (p = 0,01). En los escolares con sobrepeso y obesidad no se encontrd asociacion entre las variables del estudio. Existe ansiedad

Palabras clave: en presencia de alimentos en el 40 % por factores externos, en el 5 % por cansancio o aburrimiento y en el 11 % por sentimientos negativos.
Ansiedad. Sobrepeso. Conclusién: existe asociacion entre ansiedad, nivel socioecondmico y estado nutricional. La ansiedad en presencia de alimentos se presentd
Obesidad infantil. en el 54,7 % de los casos.

Abstract

Introduction: many obese children will be obese adults unless they adopt and maintain healthy eating and physical activity patterns. Anxiety
has been described in overweight and obese children with dysfunctional family environments, with impact on their quality of life; risk for some
eating disorder was also found.

Objective: to identify anxiety in the presence of food in schoolchildren in Baja California Sur.

Material and methods: a cross-sectional study in 406 schoolchildren, from 8 to 13 years of age, was performed: nutritional status calcula-
tion, measurements of attitudes towards food (cut-off point > 20), socioeconomic level, type of family, and intake of junk food were collected.
Descriptive statistics and association measures were performed using Student’s t-test and the chi-squared test. Parents provided their informed
consent, and children provided their assent.

Results: a total of 406 schoolchildren were evaluated, with ages of 10.4 + 1.2. Of these, 53 % had healthy weight, 44 % had overweight or obesity,
and 3 % were underweight. Functional families predominated at 67 %. A middle socioeconomic level was found in 64 %. In all, 94 % consumed
junk food. There is an association between anxiety in the presence of food and socioeconomic status, and anxiety in the presence of food and
nutritional status (p = 0.01). In overweight and obese schoolchildren no association was found between study variables. There is anxiety in the

Keywords: presence of food in 40 % of the sample due to external factors, in 5 % because of tiredness or boredom, in 11 % because of negative feelings.
Anxiety. Overweight. Gonclusion: there is an association between anxiety, socioeconomic status, and nutritional status. Anxiety in the presence of food occurred in
Childhood obesity. 54.7 % of cases.
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ANSIEDAD EN PRESENCIA DE ALIMENTOS EN ESCOLARES DE BAJA CALIFORNIA SUR 693

INTRODUCCION

Por grupos de edad, la Encuesta Nacional de Salud y Nutricion
(ENSANUT) estim¢ para el afio 2018, en México, que la preva-
lencia nacional combinada de sobrepeso y obesidad en nifos de
5 a 11 afos, utilizando los criterios de la International Obesity
Task Force (I0TF), fue de alrededor del 32,8 % en las nifias y el
33,7 % en los nifios, lo que representa por 1o menos 15,803,900
escolares de entre 5y 11 afios en el ambito nacional con sobre-
peso u obesidad (1).

Estudios psicoldgicos y de las ciencias sociales han encon-
trado que las conductas alimentarias de riesgo en los nifios y
adolescentes son multifactoriales y se pueden medir a través de
la observacion de las mismas. Existen estudios relacionados en
que la ansiedad es el trastorno con mayor presencia en ninos
con obesidad, que también pueden presentar otros problemas
emotivos, exacerbados cuando prevalece el conflicto parental.
Pompa Guajardo y cols. encontro que los nifios con sobrepeso y
obesidad tenian un riesgo mas alto de presentar dificultades de
adaptacion emocional en la adultez. Ademas, el género femenino
mostré una alta incidencia de trastornos del estado emocional y
de ansiedad en la vida adulta (2).

El estudio del sobrepeso/obesidad y su influencia sobre las
emociones en etapas tempranas de la vida pretende realizar
una identificacion oportuna y permitir el manejo emocional de
los nifios, considerados poblacion vulnerable y dependiente en
su totalidad del ambiente familiar de influencia. Lpez Morales y
cols., en Sonora en 2013, encontrd un 27 % de depresion entre
los escolares con sobrepeso y obesidad (3).

Es importante realizar las intervenciones correctas por parte
del equipo de salud para mejorar la salud de los nifios obesos y
con sobrepeso, ya que la Organizacion Mundial de la Salud estimé
para el afio 2016 mas de 340 millones de nifios y adolescentes
(de 5 a 19 afios) con sobrepeso u obesidad, ademas de millones
de menores de cinco afos con obesidad o con sobrepeso, de los
cuales casi 35 millones viven en paises desarrollados (4).

En edades tempranas, la prevalencia del sobrepeso y la obesi-
dad puede ir desde el 17 % al 34 % en los niflos mexicanos que
acuden a guarderias, correlacionados con los factores dietéticos
que se ofrecen a los menores (5,6).

Dentro de la poblacion adolescente, uno de cada tres jovenes
de entre 12 y 19 afios presenta sobrepeso; ademas, la ENSANUT
estima una mortalidad anual de 2.6 millones de personas como
consecuencia del sobrepeso y la obesidad (4). Este fenémeno es
multifactorial y en €l las conductas alimentarias de los menores
se ven influenciadas por diversos factores de orden social, eco-
nomico y emocional. El objetivo de este estudio es identificar
la ansiedad en presencia de alimentos entre escolares de Baja
California Sur.

MATERIAL Y METODOS

Estudio observacional de tipo trasversal, realizado en el Hospital
General de Zona y Medicina Familiar n® 1 durante los meses de
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mayo-julio de 2017 en los servicios de primer nivel de atencion
de medicina preventiva en escuelas primarias de La Paz, Baja
California Sur.

Se invit6 a participar a nifios de edad escolar y se les clasifico
segun el estado nutricional (peso bajo, peso saludable, sobrepe-
50, obesidad) mediante el calculo del IMC (indice de masa cor-
poral), de acuerdo con los percentiles de los CDC (http://nced.
cdc.gov/dnpabmi/ui/es/Calculator.aspx?Calculator Type=Metric)
sobre la base de los siguientes datos: fecha de nacimiento,
fecha de la medicion, sexo del menor, estatura en cmy peso en
kg. El peso y la talla se tomaron con bascula con estadimetro
calibrado, sin calzado y en ropa ligera. A todos los participantes
se les realizo el test de actitudes de alimentacion, que se ha
utilizado en la poblacién latina infantil de 6 a12 afios y tiene
una fiabilidad de 0,9 en los diversos escenarios en que se ha
empleado. La evaluacion consta de tres factores: 1) cansancio y
aburrimiento; 2) sentimientos negativos, y 3) factores externos.
Su validez, de acuerdo con lo reportado, es mayor si se realiza
en los nifios que en ese momento ya hayan saciado el hambre,
por lo que se realizd al finalizar el recreo y cuando ya habian
tomado el /unch.

Se considerd como positivo un puntaje de 20 0 mayor para
la presencia de ansiedad en relacion con la alimentacion. En la
prueba preliminar se eliminaron las encuestas de los nifios de
5 a 7 afos, ya que la confiabilidad en este grupo de edad fue
menor de 0,6, lo que se atribuyd a la comprension lectora de
los items. El nivel socioeconémico se clasificd de acuerdo con
el modelo AMAI/NSE 8X7 (Asociacion Mexicana de Agencias de
Inteligencia de Mercado y Opinion/Indice de Niveles Socioecono-
micos). El tipo de familia se obtuvo de la clasificacion realizada
y validada por los docentes de la informacion existente en el
expediente de cada alumno. La ingesta de comida chatarra se
definié como la ingesta dos 0 mas veces a la semana de ali-
mentos enlatados o con envoltura plastica de bajo valor nutritivo,
que poseen altos contenidos de azlcares, harinas o grasas,
tales como botanas, refrescos, pastelillos, dulces o cereales
refinados.

El andlisis descriptivo se realizd mediante el calculo de pro-
medios y desviaciones estandar para las variables cuantitativas,
y mediante nimeros crudos y porcentajes para las variables
cualitativas. La inferencia estadistica se realizd con la prueba
paramétrica de la t de Student para muestras independientes,
y con la prueba de chi? o exacta de Fisher (0 ambas), respecti-
vamente. Se calcularon las razones de momios y los intervalos
de confianza del 95 % de las diferentes variables consideradas
como factores de riesgo. Se utilizd el programa SPSS version
21.0 para Windows. Este trabajo de investigacion se llevo a
cabo de acuerdo con el marco juridico de la Ley General en
Salud, que clasifica la investigacion como de riesgo minimo.
Se obtuvieron el consentimiento informado de los padres y el
asentimiento del menor. El estudio fue autorizado por el comi-
té local de investigacion, obteniendo el nimero de registro
“R-2016-301-14". No hubo conflictos de interés econdémico
entre los investigadores. El proyecto no requirié financiamiento
para su ejecucion.
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RESULTADOS

Se analizd una muestra de 406 nifios escolares (202 varo-
nes y 204 mujeres) de 8 a 13 afos, con una media de edad
de 10,4 + 1,2 afios, que pertenecen a una poblacion de 1482
adscritos a medicina familiar de este mismo grupo de edad en
La Paz, Baja California Sur. De acuerdo con el estado nutricional,
de manera global, el 44 % presentaron sobrepeso u obesidad, el
53 % peso saludable y el 3 % bajo peso.

Con base en la encuesta aplicada, se encontrd que predomi-
naba el tipo de familia funcional (67 %), presentando un nivel
socioecondmico medio el 64 % de los casos. La ingesta de comi-
da chatarra fue positiva para el 94 % de los nifios y la presen-
cia de rasgos positivos de ansiedad en presencia de alimentos se
detectd en 222 de los participantes (54,7 %), como se observa
en latablal.

Cuando se analiza la muestra desde el punto de vista de la
presencia de ansiedad, el nivel socioecondmico presentd una
asociacion significativa (p = 0,01), al igual que el estado nutri-
cional (p = 0,01), sin hallarse diferencias para el tipo de familia
y la ingesta de comida chatarra, como puede observarse en la
tabla II.

En cuanto al comportamiento de las variables al analizar el
subgrupo con sobrepeso/obesidad y la presencia de ansiedad,
no se encuentran diferencias en términos de género, ingesta de
comida chatarra y nivel socioecondmico (Tabla Ill).

De acuerdo con los factores que evalian la ansiedad en pre-
sencia de alimentos, mas del 40 % contestaron que siempre
empiezan a comer o contintian comiendo si la comida huele o
sabe bien, o si los demas siguen comiendo (factores externos), a
diferencia del 5 % que siempre empiezan a comer 0 contintian
comiendo por cansancio o aburrimiento, o el 11 % que siempre
empiezan a comer o contindian comiendo al presentar sentimien-
tos negativos (frustrados o enojados) (Fig. 1).

A.S. Alvarez-Villasefior et al.

Tabla . Estadistica descriptiva del grupo
de estudio; n = 406

Variables numéricas Media Desv’lacu’)n
estandar

Edad (afios) 10,4 1,2
Peso (kg) 43,0 13,0
Talla (cm) 144 9,8
IMC (kg/m?) 21,24 14,5

Variables cualitativas Frecuencia | Porcentaje
Género

Masculino 202 49,8

Femenino 204 50,2
Nivel socioeconomico

Bajo 145 35,7

Medio 259 63,7

Alto 2 0,49
Estado nutricional

Bajo peso 13 3,2

Peso saludable 217 53,4

Sobrepeso 100 24,6

Obesidad 76 18,7
Tipo de familia

Funcional 267 65,7

Disfuncional 139 34,2
Ingesta de comida chatarra

Si 382 94

No 24 6
*Ansiedad en presencia de alimentos

Si 222 54,7

No 184 45,3

*Test de actitudes de alimentacion.

Tabla Il. Asociacion de la ansiedad con las variables del estudio; n = 406

VB Ansiedad?* Valor de p*
Si (n = 222) No (n = 184) (OR; IC 95 %)
Género Masculino 120 (54 %) 82 (45 %) 0,06
Femenino 102 (46 %) 102 (55 %) (1,4,0,98-2,1)
o Bajo peso/saludable 138 (62,2 %) 92 (50 %) 001
Estado nutricional - ’
Sobrepeso/obesidad 84 (37,8 %) 92 (50 %) (1,6;1,1-2,4)
Nivel socioecondmico Bajo 91 (41 %) 54 (29,4 %) 0,01
i
Medio 131 (59 %) 130 (70,6 %) (0,74, 0,58-0,95)
Funcional 143 (64,4 %) 124 (67,4 %) 0,52
Tipo de familia : . '
Disfuncional 79 (35,6 %) 60 (32,6 %) (0,87, 0,58-1,3)
Si 209 (94,1 % 173 (94 %
Ingesta de comida chatarra ( b (94 %) 0,95
No 13 (5,9 %) 11 (6,0 %) (1,02, 0,44-2,3)
Edad Promedio 10,4 £1,1 10,5 +£1,35 0,13t

*Prueba del chi cuadrado; *Prueba t de Student; *Test de actitudes de alimentacion.
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Tabla lll. Estadistica inferencial: grupo con sobrepeso/obesidad; n =176
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Ansiedad
Variable de agrupacion Si (n = 84) No (n = 92) Valor de p*
= S (IC 95 %)
Edad Afos cumplidos 10,3+1,0 10,5+15 0,491
Ge Masculino 41 (48,8 %) 38 (41,3 %) 0,31
énero
Femenino 43 (51,2 %) 54 (58,7 %) (1,3;0,74-2,4)
) . o Bajo 33(39,3 %) 26 (28,3 %) 0,12
Nivel socioeconomico -
Medio 51 (60,7 %) 66 (71,7 %) (1,6; 0,87-3,0)
) . Funcional 51 (60,7 %) 65 (70,7 %) 0,16
Tipo de familia - -
Disfuncional 33(39,3 %) 27 (29,3 %) (0,64, 0,34-1,2)
ngesta d o chat Si (95,2 %) 86 (93,5 %) 0,61
ngesta de comida chatarra
: No 8% 665 % (1,39; 0,38-5,1)

*Prueba del chi cuadrado, "Prueba t de Student; #Test de actitudes de alimentacion.

350
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50
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sentimientos negativos
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siempre casisiempre siempre

factores externos

i empieza a comer

Figura 1.

Comparacion de la frecuencia de ingesta de alimentos segun los factores desencadenantes; n = 406.

DISCUSION

La prevalencia de sobrepeso y obesidad encontrada en este
estudio fue del 43 %, superando la prevalencia nacional (8).

En los ultimos afios se ha incrementado la preocupacion por
la prevalencia del sobrepeso y la obesidad en la edad infantil ya
que, ademas de las complicaciones fisicas a las que se exponen
los nifos, esta se ha asociado a afectaciones de los aspectos
sociales y del comportamiento. Estudios psicosociales describen
que la poblacion con obesidad y sus progenitores no sienten res-
ponsabilidad por el autocuidado de la salud y el control del peso

[Nutr Hosp 2020;37(4):692-697]

corporal, lo que va asociado al nivel socioecondmico y educativo
de la madre (9).

Relacionado con lo anterior, dentro de los factores modificables
que influyen en la presencia de sobrepeso y obesidad en 10s nifios
se encuentra el tabaquismo de los padres, el peso al nacer y no
cenar en familia, aun a pesar del nivel socioecondmico de los
padres, 1o que se ha demostrado en 2 cohortes de seguimiento
de mas de 20.000 nifios (EE.UU. y Dinamarca) (10,11).

Existen estudios que evalian a los menores, incluso desde los
5 afios, con los test de actitudes hacia la alimentacion, donde la
ingesta de alimentos medida en calorias es el doble en los nifos
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con factores de riesgo para la obesidad (padres, ambiente y gené-
ticos) que en aquellos que tienen un riesgo bajo (12).

En esta revision, la ingesta de alimentos y de comida chatarra
se encontrd en el 94 % de la poblacion, independientemente del
indice de masa corporal.

Los factores externos evaluados con el test de actitudes hacia
la alimentacion fueron los mas cominmente sefialados por los
escolares para empezar a comer 0 Seguir comiendo aun en
ausencia de hambre. Esta conducta puede obedecer al ambiente
obesogénico al que se encuentran expuestos.

Durante el crecimiento normal de los nifios existen conductas
que los padres deben entender como parte del proceso normal,
no obligandolos a comer, como la alimentacion selectiva o el evitar
ciertos tipos de alimentos que no se asocian a cuadros de ansie-
dad; esta conducta es normal siempre y cuando no repercuta
en el crecimiento y desarrollo del menor. Los padres y médicos
que llevan el control son los responsables de identificar aquellas
conductas atipicas en la alimentacion que puedan impedir un
desarrollo adecuado (13).

Vaitkevi¢iate describio en la cohorte de la World Health
Organization European Childhood Obesity Surveillance Initiative
(WHO-COSI), sobre 3969 cuidadores de nifios lituanos en edad
escolar, que los factores relacionados con el incremento del indice
de masa corporal son el control de los alimentos poco saludables,
la utilizacion de los alimentos como recompensa o castigo y restar
importancia a la hora de comer en familia (14).

Estudios dirigidos a la conducta alimentaria de las madres
han demostrado que si identifican que sus hijos pueden comer
en exceso, pero estan confiadas en que podran tener el control
cuando lo decidan; esto hace que estas conductas aprendidas
sean dificiles de corregir una vez instauradas (12).

Existen multiples test para trastornos alimenticios adaptados
a la edad pediatrica, como el Test de Actitudes hacia la Alimen-
tacion, validado en la poblacion latina (7), donde la busqueda
primordial es la anorexia y la bulimia. De los resultados obte-
nidos en este estudio no se descarta esa posibilidad en alguno
de los casos. Sin embargo, se hace hincapié en que los factores
sociales externos, es decir, la presion de los padres o del entor-
no de convivencia influye en que los nifos sigan comiendo aun
sin hambre. Baskind y cols. analizaron a 689 padres, quienes
reportaron que, a mayor presencia de estrés, la posibilidad de
la ingesta de comida rdpida en sus hijos adolescentes aumenta
hacia mas veces por semana, a diferencia de aquellos que per-
cibieron menores niveles de estrés, tendiendo el menor estrés
a inducir una mayor actividad fisica durante los 7 dias de la
semana (15).

La presion externa para comer aun sin hambre por parte de
los padres ha sido objeto de estudio, al comparar dicha conducta
en las madres segun la generacion a la que pertenecen. Xiong R
compard las madres de la generacion X frente a las “millennials”
y encontrd que esta Ultimas ejercen menos presion a los hijos,
comen mas veces a la semana en familia y tienen mas expecta-
tivas positivas en conductas saludables frente a los controles de
la generacion X, sin llegar a ser la diferencia significativa (16).

A.S. Alvarez-Villasefior et al.

El papel de los padres como cuidadores y formadores en
la edad escolar esta relacionado con este hallazgo. Walsh y
cols. analizaron la autoeficacia de los padres para promover
ingestas saludables en los menores y asi disminuir el riesgo
de sobrepeso y obesidad, y hallaron que, sin embargo, estas
conductas de los padres van disminuyendo conforme 10s hijos
crecen (17).

El nivel socioeconémico que marca la diferencia en este estudio
fue el calificado como medio; existen estudios que relacionan el
nivel socioeconémico bajo con la menor integracion familiar para
realizar actividades saludables, como es el caso de la alimenta-
ciony el gjercicio (18).

Ademas del cuidado familiar, el modelo preventivo del Estado,
recomendado de manera global, debe contemplar el seguimiento
del crecimiento, el peso y la talla desde el nacimiento de los nifios,
y ser el facilitador para que el personal de salud cuente con las
herramientas necesarias para su vigilancia y poder intervenir en
caso necesario (19).

El entorno cultural es dificil de incidir, sin embargo, las estrate-
gias de educacion para la salud en edades tempranas, y el cambio
de los patrones de conducta de la familia en cuanto a estilos de
vida saludable, deben partir no solo del seno familiar y escolar
sino de politicas publicas que refuercen y consoliden los avances
en materia de salud alimentaria.

La presencia de rasgos positivos de ansiedad en presencia
de alimentos se presentd en mas de la mitad de los partici-
pantes. Mas frecuentemente debido a factores externos que
emocionales.

Se encontraron diferencias significativas en el estado nutri-
cional, el nivel socioecondmico y la ansiedad en presencia de
alimentos.

Los maestros y padres de familia deben estar alerta durante
la edad escolar y orientar la conducta alimentaria de los nifios.
Esto es complejo, al requerir educacion para la salud de padres,
maestros y ambiente en general; ello llevaria a que las politicas
de salud fueran efectivas mas alla de su publicacion.

Aun cuando sea en menor porcentaje, los nifios que presen-
taron rasgos de ansiedad por cansancio o aburrimiento, o por
frustracion o enojo, el realizar este tipo de test alertan también
sobre la presencia de posibles desérdenes alimenticios.
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Abstract

Introduction: human milk oligosaccharides (HMOs) are an important component of human milk supporting the development of a balanced
intestinal microbiota and immune protection in breastfed infants. Randomized controlled trials (RCTs) have demonstrated that infant formulas
supplemented with the HMOs 2’-fucosyllactose (2'FL) and lacto-N-neotetraose (LNNT) are safe, well-tolerated, and support normal growth. This
Real-World Evidence (RWE) study aimed to evaluate growth and tolerance in infants consuming a formula supplemented with 1 g/L of 2'FL and
0.5 g/L of LNNnT, and included a mixed-feeding group never studied before in RCTs.

Participants and methods: this open-label, prospective study was conducted at six centers in Spain, and included healthy, exclusively breast-

Keywords: fed infants (BF group), an exclusively formula-fed group (FF) who received a milk-based formula with 2’ FL and LNNnT, and a group mixed fed
Infant formula with both formula and human milk (MF), for 8 weeks. Co-primary outcomes were growth (anthropometry) and gastrointestinal tolerance (Infant
Human mik Gastrointestinal Symptom Questionnaire, IGSQ). Secondary outcomes included formula satisfaction and adverse events (AEs).

oligosaccharides. Results: 159 infants completed the study (66 FF, 48 MF, and 45 BF). Mean z-scores for growth were similar between all groups and within + 0.5
2'-fucosyllactose. of WHO medians at week 8. Composite IGSQ scores demonstrated low Gl distress in all groups, with no significant group differences at baseline,
Eicstt‘r’oﬁt’e‘:g}]ej aose. week 4, or week 8. Incidence of AEs was low overall, and comparable across groups.

tolerance. Growth. Conclusions: in this RWE study examining a HMO-supplemented infant formula, growth and tolerance outcomes were similar to RCT findings,
Real-world. supporting the effectiveness of this early feeding option.
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Resumen

Introduccion: los oligosacéridos de la leche materna (HMO) contribuyen a desarrollar la inmunoproteccion y la microbiota intestinal. Los ensayos
aleatorizados (RCT) han demostrado que las formulas enriquecidas con 2'fucosilactosa (2'FL) y lacto-N-neotetraosa (LNnT) son seguras, bien
toleradas y favorecen el crecimiento. El objetivo de este estudio ha sido valorar el crecimiento, la seguridad y la tolerancia digestiva en lactantes
alimentados con una férmula enriquecida con 1 g/L de 2’FL 'y 0,5 g/L de LNnT, con datos de la vida real (RWE), incluyendo un grupo de alimen-
tacion mixta no estudiado antes en los RCT.

Participantes y métodos: estudio prospectivo abierto en seis hospitales espafioles que incluyo lactantes sanos alimentados con leche materna
(BF), con formula enriquecida en 2'FL y LNnT (FF) o con mezcla de ambas (MF), durante ocho semanas. Se valoraron el crecimiento (antropometria),
la tolerancia gastrointestinal (cuestionario IGSQ) y los acontecimientos adversos.

Resultados: 159 lactantes completaron el estudio (66, 48 y 45, en los grupos FF, MF y BF, respectivamente). Las puntuaciones Z antropométricas
a la semana 8 fueron similares entre los grupos y se hallaron dentro del rango de + 0,5 de la normalidad. Las puntuaciones IGSQ compuestas
mostraron un bajo malestar digestivo, sin diferencias significativas entre los grupos, al inicio y en las semanas 4 y 8. La incidencia de eventos

Palabras clave:

Formula para
lactantes.
Oligosacaridos de

la leche materna.
2'fucosilactosa.
Lacto-N-neotetraosa.

;‘z{‘;’;‘:{ggstma‘ adversos fue baja y comparable entre los grupos.

Crecimiento. Vida Gonclusiones: en este estudio RWE que evalud una formula para lactantes enriquecida en HMO, los resultados sobre el crecimiento, la tolerancia
real. y la seguridad fueron similares a los obtenidos en los RCT, respaldando su eficacia como alimentacion temprana opcional.
INTRODUCTION (25,26). Safety, tolerance, and adequate growth, as well as poten-

Human milk oligosaccharides (HMOs) are found in abundance
in human milk and make up the largest solid component after
lactose and lipids (1-4). Bovine milk, in contrast to human milk,
contains relatively low levels of oligosaccharides, and the prev-
alence of fucosylated oligosaccharides, in particular, is quite low
(5). 2'fucosyllactose (2'FL) is a trisaccharide composed of glucose,
galactose, and fucose, and is one of the most abundant HMOs.
Levels of 2'FL vary depending on the secretor blood group status
of an individual woman as well as on ethnicity and stage of lac-
tation, with 2'FL levels from about 0.9 to above 4 gram/liter (g/L)
in mature milk among secretors (6-14). Another HMO in human
milk is lacto-N-neotetraose (LNNT), in levels ranging from 0.1
to 0.6 g/L, with higher levels within the first month of lactation
(7-10,15-17).

Evidence is emerging that HMOs play an important role in the
development of a balanced intestinal microbiota and in supporting
immune protection in breastfed infants (18-20). Preclinical models
have found that both 2’FL and LNnT promote the growth of Bifido-
bacterium species (21,22). Additionally, in a randomized controlled
trial (RCT) of a term infant formula supplemented with 2'FL and
LNNT, lower rates of parent-reported morbidity (particularly lower
respiratory tract illnesses such as bronchitis) and lower use of
antipyretics and antibiotics in the group receiving HMO-supple-
mented formula were reported as compared to the control fed
infants (23). In a subset of the infants in this same RCT, stool
samples collected for microbiota assessment and metabolic sig-
nature at three months showed that the addition of 2'FL and LNnT
shifted the stool microbiota closer to that observed in breastfed
infants both in composition and function (24). Collectively, these
findings, in conjunction with the documented differences in HMO
composition between human and bovine milk, have provided a
solid rationale for supplementing bovine milk-based infant for-
mulas with HMQOs.

Advancements in manufacturing technology now enable the
synthesis of HMOs, and preclinical studies have established their
safety for the purposes of supplementation of infant formulas
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tial clinical benefits, have been demonstrated in RCTs of term
infant formulas supplemented with 2’FL alone and in combination
with LNnT (23,27,28). The first such report was an RCT of growth
and tolerance conducted in the US, which found that infants
receiving a formula supplemented with either galacto-oligosac-
charides [GOS] or GOS + 2’FL demonstrated adequate growth and
good tolerance (27). A second RCT conducted in Belgium and Italy
examined a study formula containing 1.0 g/L of 2'FL and 0.5 g/L
of LNnT in the test arms, while the control arm received a stan-
dard formula without HMOs (23). The HMO-supplemented formula
was again well-tolerated and supported age-appropriate growth.
A third study in the US compared tolerance in infants receiving a
100 % whey, partially hydrolyzed infant formula with the probiotic
B. lactis, with and without the further addition of 2'FL, and found
that the HMO-supplemented formula was well tolerated (28).

While the evidence provided to date in RCTs is supportive of
the safety and tolerance of HMO-supplemented infant formulas,
studies are needed in a real-world setting because results from a
highly controlled RCT do not always translate outside of the trial
setting (29). Additionally, a relatively large proportion of infants
in real-world settings are fed both human milk and formula (30-
32), a mixed feeding regimen not studied in previous RCTs. The
current study was thus designed to complement and enhance
existing RCTs by assessing the growth, safety and tolerance of
healthy term infants consuming an infant formula supplemented
with HMOs either exclusively or mixed with human milk in a real-
world setting.

PARTICIPANTS AND METHODS

STUDY DESIGN

This was a three-group, non-randomized, open-label, prospec-
tive study in healthy, term (37-42 weeks of gestation) infants
enrolled at age 7 days to 2 months. The study was conducted
between October 2018 and March 2019 in six centres throughout
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Spain (Quiron-Dexeus Universitary Hospital, Barcelona; Casa de
Salud Hospital, Valencia; Maternal MH Belén Hospital, A Corufia;
Paediatric Hispalense Group, Sevilla; Vitha Santa Catalina Hospi-
tal, Las Palmas; Ruber International Hospital, Madrid). One study
group included infants who were exclusively formula fed (FF) while
a second group included infants who were fed a mixture of for-
mula and human milk (MF). The third group included exclusively
breastfed infants (BF) serving as a reference population. Formu-
la-fed infants were eligible to participate if their parent(s) had
independently elected, before study enrolment, to formula feed.
Breastfed infants were eligible if the infants had been exclusively
breastfed since birth, and their parent(s) had decided to contin-
ue exclusively breastfeeding until at least four months of age.
Exclusion criteria included any known intolerance/allergy to cow’s
milk (formula-fed group only); conditions requiring infant feedings
other than those specified in the protocol; evidence of significant
systemic disorders (cardiac, respiratory, endocrinological, hemato-
logic, gastrointestinal, or other); or parental refusal to participate.

At study enrolment, FF and MF infants received the study for-
mula and continued to be fed the study formula for approximately
8 weeks (56 days). The formula was prepared and fed at home,
and was given ad libitum. Infants completed an in-person clinic
visit at enrollment (baseline) and again at day 56 = 3 days (week
8 visit). A telephone visit with the parents was also conducted on
day 28 + 3 days (week 4 visit).

STUDY PRODUCT

The study formula was provided to the participants. Commer-
cially available in Spain since 2017, it was a partially hydrolyzed,
100 % whey, term infant reconstituted formula with 67 kcal/100
mL consisting of 1.9 g of protein, 11.5 g of carbohydrates, and
5.1 g of lipids per 100 kcal powder, and with two HMOs: 1.0 g/L of
2’FLand 0.5 g/L of LNnT. The formula also included Lactobacillus
reuteri (DSM 17938), vitamins and minerals.

ETHICAL APPROVAL AND INFORMED
CONSENT

This study protocol was approved by the coordinating Hospi-
tal Institutional Review Board of Puerta de Hierro, Majadahonda
(Madrid). Prior to the conduct of any screening tests, an informed
consent was obtained from each participant’s parent. Good clinical
practice was followed by all sites throughout the study. The study
was registered with ClinicalTrials.gov (NCT04055363).

STUDY MEASURES

At baseline, anthropometry measures were obtained includ-
ing weight, length, and head circumference using standardized
procedures. Anthropometric parameters were measured again
during the clinic visit at week 8. BMI was calculated as weight

E. Roman Riechmann et al.

(kg)/length (m)2. Z-scores for weight-for-age, length-for-age,
head circumference-for-age, and BMI-for-age were calculated
using the WHO Child Growth Standards (33).

The infant’s gastrointestinal (GI) symptom burden was assessed
via the Infant Gastrointestinal Symptom Questionnaire (IGSQ), a
validated 13-item questionnaire that assesses Gl-related signs
and symptoms as observed by parents over the previous week
in 5 domains: stooling, spitting up/vomiting, gassiness, crying,
and fussing. Each item is scored on a scale of 1 to 5 with higher
values indicating greater Gl distress. A composite 1GSQ score is
derived from summing the individual scores with a possible range
of 13 to 65, where higher values indicate greater Gl distress and
values < 23 indicate no digestive distress (34). The 1GSQ was
administered at baseline, week 4, and week 8.

A formula satisfaction questionnaire was administered to par-
ents of infants in the formula-fed groups at week 4 and week 8
including three questions regarding the parents’ experience with
the study formula. Questions included ‘Did your child like what
he/she consumed?’, ‘How satisfied are you overall with the study
product?’, and ‘Would you continue to provide the study formula
to your child?’

Adverse Events (AE) were captured from the time of enroll-
ment through the end of study. All AEs were assessed by the site
investigator for duration, intensity, frequency, and relationship to
study formula. AEs were classified into System, Organ, and Class
(MedDRA SOC codes).

STATISTICAL METHODS

Demographics and other baseline characteristics were com-
pared for overall differences between the feeding groups using
the Kruskal-Wallis test for continuous variables and Fisher’s exact
test for categorical variables. Pairwise comparisons were done
using two-sided Wilcoxon’s rank-sum tests (continuous variables)
and two-sided Fisher’s exact tests (categorical variables) adjusted
for multiplicity by the Holm procedure. Fisher’s exact tests were
computed from contingency tables. For tables larger than 2 x 2 a
Monte Carlo estimation of the exact p-value was performed with
20,000 samples, otherwise a direct exact p-value computation
was performed. Missing values were excluded before performing
the aforementioned tests.

The co-primary outcomes were growth and composite 1GSQ
score. Feeding group comparisons were assessed for all growth
measures using the analysis of covariance (ANCOVA) with adjust-
ment for baseline value, age, gender, and study center. Tolerance
was assessed via the 1GSQ scores. The 13 individual questions
in the 1GSQ, as well as the five domain scores, were tabulated for
each feeding group at each time point. The composite IGSQ scores
were calculated for each feeding group and compared between
feeding groups using ANCOVA with adjustment for baseline IGSQ
score.

All analyses were conducted using the SAS software, version
9.3 (SAS Institute Inc., Cary, NC, USA). Statistical significance was
assessed using an o level of 5 % with a two-sided test.
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Being a RWE study, sample size was determined based on
previous RCTs, aiming to have an analysis set of at least 40-50
subjects per group. Infants who were not compliant with the
study protocol were withdrawn from the study and did not con-
tinue to participate in the study measurements or visits. The
analysis set was defined by excluding infants who did not have
a growth and/or tolerance measurement at week 8. All analyses
of growth, tolerance, and satisfaction in this paper were con-
ducted in the analysis set. Adverse events were reported for all
enrolled infants.

RESULTS

SUBJECT DISPOSITION AND DEMOGRAPHICS

In this study, 207 infants were enrolled including 82 exclusively
formula-fed (FF), 62 mixed-fed (MF), and 63 exclusively breastfed
(BF) infants (Fig. 1). The number of subjects in the analysis set
(those with tolerance and growth measurements at the end of
8 weeks of study) were 66, 48, and 45, respectively, in the FF,
MF, and BF groups, with primary exclusion reasons being major
protocol deviations and losses to follow-up.

The demographics and baseline characteristics of all enrolled
infants are shown in table I. The FF group was slightly young-
er at enrollment as compared with the MF group and BF group
(p < 0.01), with more male infants in contrast to the MF or BF
groups. Gender distribution was, however, not statistically differ-
ent between groups (p > 0.05). Other baseline characteristics
were also comparable across the feeding groups, including age,

educational attainment, and smoking status of the mothers and
fathers. The baseline characteristics of the analysis set (n = 159)
were similar to those of all enrolled infants for all feeding groups
(data not shown).

GROWTH

Overall, age-appropriate growth was observed in all three
feeding groups. Baseline weight and length were slightly lower
in the FF group (FF mean weight of 3.34 kg versus 3.75 and
3.93 in the MF and BF groups, respectively; FF mean length of
50.62 cm versus 51.86 and 52.82 ¢m in the MF and BF groups,
respectively), which is consistent with the slightly younger age. By
Week 8, there were no significant differences between any feed-
ing groups for any of the anthropometric measures (all ANCOVA
p-values between feeding groups > 0.05). Mean Z-scores for
weight, length, head circumference, and BMI at baseline and week
8 are shown in figure 2. Weight-for-age, length-for-age, and BMI-
for-age z-scores were similar between all feeding groups, and the
mean z-scores were within = 0.5 of the WHO medians at week 8.
Head circumference-for-age z-scores were also similar between
groups and tracked closely with the WHO standards.

GASTROINTESTINAL TOLERANCE

Table Il shows descriptive characteristics for the five IGSQ
domains and the overall composite score. Composite IGSQ scores
demonstrated low Gl distress in all feeding groups at all time

Enrolled
n=207
y \ !
Exclusively formula-fed Mixed-fed Exclusively breast-fed

Received trial feeding
n=2382

Received trial feeding + breastmilk

n=262

Received breastmilk
n=63

8-week follow-up

— Protocol deviation, n = 6

| — Dropped-out due to adverse

events,n=3
— Lost to follow-up,n =7

— Protocol deviation, n = 8

| — Dropped-out due to adverse

events,n=3
— Lost to follow-up, n=3

— Protocol deviation, n = 11

— Dropped-out due to adverse
events,n =1

— Lost to follow-up, n =6

Analysis set (n = 66)

Analysis set (n = 48)

Analysis set (n = 45)

Figure 1.
Flow chart of subject disposition.
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Table I. Demographics and baseline characteristics (shown as N and % unless otherwise
noted), by feeding group, all enrolled subjects (n = 207)

Subject characteristics 0 :23) 0 I\=M:52) 0 :Fsz) p-value'

Age at enroliment, days (median [IQR]) 13(9-32) 13.5 (10-33) 10 (8-19) <0.01?
Gender

Male 28 (44.4 %) 27 (43.6 %) 43 (52.4 %) 0.50

Female 35 (55.6 %) 35 (56.5 %) 39 (47.6 %)
Ethnicity

Black 2(3.2 %) 2(3.2 %) 1(1.2%)

Caucasian 59 (93.7 %) 58 (93.6 %) 79 (96.3 %) 0.84

Other 2 (3.2 %) 2 (3.2 %) 2 (2.4 %)
Days breastfed since birth (median [IQR]) 13 (9-32) 13 (10-32) 0(0-0) <0.01?
Days formula-fed since birth (median [IQR]) 0 (0-0) 12 (7-22) 10 (8-15) <0.01®
Mother’s age, years (median [IQR]) 35 (31-36) 35 (32-38) 35 (32-38) 0.27
Mother’s highest level of education

Primary school 2 (3.2 %) 0 (0.0 %) 3 (3.7 %)

High school 6 (9.5 %) 9 (14.5 %) 13 (15.9 %) 0.69

College or above 40 (63.5 %) 39 (62.9 %) 45 (54.9 %)

Professional school 15(23.8 %) 14 (22.6 %) 21 (25.6 %)
Mother smoked during pregnancy 4 (6.4 %) 1(1.6 %) 7 (8.5 %) 0.22
Father’s years, days (median [IQR]) 37 (33-40) 37 (33-40) 37 (33-39) 0.75
Father’s highest level of education

Primary school 1(1.6%) 3(4.8%) 10 (12.2 %)

High school 8 (12.7 %) 8(12.9 %) 14 (17.1 %)

College or above 32 (50.8 %) 30 (48.4 %) 28 (34.2 %) 0.54

Professional school 18 (28.6 %) 17 (27.4 %) 19 (23.2 %)

Missing or less than primary school 4 (6.4 %) 4 (6.5 %) 11 (13.4 %)
Father is a smoker 15 (23.81 %) 13 (20.97 %) 17 (20.73 %) 0.97

BF: exclusively breastfed; MF: mixed fed; FF: formula fed (exclusively); IQR: interquartile range (Q1-Q3); SD: standard deviation. ' Global p-values to detect any
difference between the three feeding groups using the Kruskal-Wallis test for continuous variables and Fisher’s exact test for categorical variables. °FF different from
MF and BF (< 0.01) using two-sided Wilcoxon rank-sum tests adjusted for multiplicity by the Holm procedure. °BF different from MF and FF (< 0.01) using two-sided

Wilcoxon rank-sum tests adjusted for multiplicity by the Holm procedure.

points, and there were no significant differences between feed-
ing groups at baseline, week 4, or week 8. Within each feed-
ing group, for four of the five domains of the 1GSQ (gassiness,
fussiness, crying, and spitting-up/vomiting) there were no sig-
nificant differences in scores between baseline and week 4 or
week 8 (data not shown). For the fifth domain, stooling, FF infants
had scores significantly different from the ones in the BF group
(p < 0.001) at baseline, and showed significant improvement at
week 8 (mean change [95 % confidence intervall = -0.79 [-1.35,
-0.23], p < 0.01), moving closer to the stooling profile of the BF
group. The scores for stooling of MF infants were significantly
different from those of the BF infants at baseline (p < 0.05) and
week 8 (p < 0.05).

FORMULA SATISFACTION

Formula satisfaction is summarized in table Ill. Nearly all parents
reported satisfaction with the study product. More than 90 % of
parents also reported at both week 4 and week 8 that their child
liked what he/she consumed and that they would continue to
provide the study formula to their child.

ADVERSE EVENTS
A total of 49 subjects experienced 58 adverse events (AEs)

during the course of the study, including 18 AEs in the BF group,
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Weight-by-age Length-by-age
Jm— ---H p— W
o] ‘ |
Baseline Week8 Baseline Week 8
Head circumference-by-age BMI-by-age
| I
- ‘ _________.________‘_'_"'_:__-___';ﬁ ______ | \h
[ '
\
| | J
Baseline Week 8 Baseline Week 8
@BF OMF AFF
Figure 2.
Anthropometric mean z-scores at baseline and at week 8, by feeding group, analysis set (n = 159). Bars represent 95 % confident intervals (two-sided).
Table Il. Descriptive statistics for IGSQ domains, and composite scores at baseline,
week 4, and week 8, by feeding group, analysis set (n = 159)
BF MF FF
Min- Min- " Min- "
n | Mean| SD Max n | Mean| SD Max p-value*| n | Mean| SD Max p-value
1IGSQ domains
Baseline | 41 | 232 | 082 | 26 | 45| 293 | 1.21 | 2-6 0045 | 62 | 347 | 180 | 2-9 | <0.001
Stooling Week4 | 45| 224 | 065 | 2-5 | 48| 283 | 155 | 2-8 0.18 65 | 3.29 | 211 | 2-10 0.012
Week8 | 45| 218 | 039 | 2-3 | 48| 285 | 152 | 2-8 0025 |66 | 271 | 126 | 2-7 0.07
Suit ; Baseline | 38 | 6.26 | 2.83 | 4-16 | 41 | 588 | 1.83 | 4-11 0.49 60 | 6.17 | 2.62 | 4-15 0.85
Vs:ﬂ:;gg“p Week4 | 41| 6.00 | 2.27 | 413 | 47 | 562 | 1.76 | 411 | 035 |62 | 576 | 2.32 | 415 | 0.38
Week8 | 45 | 562 | 1.83 | 410 | 45 | 556 | 218 | 4-12 0.93 65 | 5.88 | 2.08 | 4-11 0.53
Baseline | 39 | 4.08 | 1.69 | 3-11 | 43 | 456 | 225 | 3-14 0.35 61 | 479 | 265 | 3-15 0.13
Crying Week4 | 44 | 400 | 148 | 3-9 | 46 | 417 | 1.95 | 3-12 0.77 66 | 458 | 219 | 3-12 0.18
Week8 | 44 | 389 | 1.37 | 3-8 | 47 | 4.04 | 1.61 | 3-10 0.98 64 | 430 | 1.76 | 3-11 0.38
Baseline | 41 | 4.00 | 2.07 | 2-10 | 39 | 400 | 210 [ 2-10 | >0.99 | 59 | 3.83 | 2.16 | 2-10 0.69
Fussiness Week4 | 44 | 352 | 225 | 2-10 | 43 | 3.77 | 227 | 2-9 0.75 58 | 4.10 | 2.28 | 2-10 0.24
Week8 | 42 | 331 | 188 | 2-8 | 35| 363 | 231 | 2-10 0.68 61 | 348 | 1.82 | 2-10 0.7
Baseline | 41 | 517 | 207 | 2-9 | 44 | 520 | 2.09 | 2-10 0.94 63 | 492 | 227 | 2-10 0.57
Gassiness Week4 | 45 | 469 | 177 | 2-8 | 48 | 494 | 200 | 2-9 0.67 65 | 5.09 | 2.40 | 2-10 0.21
Week8 | 45 | 482 | 177 | 2-8 | 48 | 438 | 2.05 | 2-10 0.11 66 | 430 | 1.98 | 2-10 0.12
COMPOSITE Baseline | 41 | 21.95 | 6.38 [13-37 | 45 | 2243 | 6.22 |13-38 0.77 63 | 23.26 | 8.83 [13-57| 0.39
1GSQ SCORE Week 4 | 45 | 20.62 | 5.57 |13-33 | 48 | 21.32 | 6.05 | 13-40 0.79 66 | 2269 | 7.4 [13-40| 0.17
Week8 | 45 | 19.85 | 4.74 |13-30 | 48 | 20.35 | 6.50 | 13-40 0.97 66 | 20.66 | 5.76 |13-36| 0.63

“p-value as compared to breastfed group; BF: exclusively breastfed; MF: mixed fed; FF: formula fed (exclusively); SD: standard deviation.
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Table lll. Formula satisfaction questionnaire results at weeks 4 and 8 among parents
of infants receiving the study formula, by feeding group, analysis set
(n =114 infants receiving formula)

MF FF
(n = 48) (n = 66)
Week4 | Week8 Week4 | Week8

How satisfied are you overall with the study formula?

Satisfied 44 (92 %) 46 (96 %) 62 (94 %) 65 (98 %)

Neutral 4 (8 %) 1(2 %) 4 (6 %) 0(0 %)

Dissatisfied 0(0 %) 0(0 %) 0(0 %) 0(0 %)

Missing 0(0 %) 1(2 %) 0(0 %) 1(2 %)
Would you continue to provide the study formula to your child?

Yes 47 (98 %) 45 (94 %) 66 (100 %) 63 (95 %)

No 1(2 %) 2 (4 %) 0(0 %) 2 (3 %)

Missing 0(0 %) 1(2 %) 0(0 %) 1(2 %)
Did your child like what he/she consumed?

Yes 46 (96 %) 48 (100 %) 66 (100 %) 65 (98 %)

No 2 (4 %) 0(0 %) 0(0 %) 0(0 %)

Missing 0(0 %) 0(0 %) 0(0 %) 1(2 %)

MF: mixed fed; FF: formula fed (exclusively).

21 in the MF group, and 19 in the FF group. Three patients expe-
rienced potentially product-related AEs, including two instances
of cow’s milk intolerance, one in the FF group and one in the
MF group, and one instance of irritability in the FF group. Six
serious adverse events occurred (4 in the FF group and 2 in
the MF group), all of which were bronchiolitis, and all were
considered unrelated to the study feeding. The incidence of AES
was low overall and was not significantly different in the three
feeding groups.

DISCUSSION

This is the first RWE in infants fed a formula supplemented with
the HMOs 2’FL and LNnT, and containing L. reuteri, in which a
breastfed and a mixed-fed group are included. The results demon-
strate that formula-fed infants, either exclusively or mixed fed,
receiving the HMO-supplemented formula had age-appropriate
growth in line with the WHO standards, and that growth was also
comparable to that seen in previous studies with west and south
European infant populations (35). The formula was well tolerated,
as indicated by low IGSQ scores, and Gl tolerance in the formu-
la-fed infants was comparable to that in breastfed infants. There
was also a low incidence of adverse events in all groups, and
despite of the season of the year (fall-winter), cases of bronchi-
olitis were lower than expected from the literature (36). Finally,
parents provided high satisfaction ratings for the HMO-supple-
mented formula.

The results of this RWE study are similar to those from previous
RCTs that have also examined term infant formulas supplemented
with HMOs. One RCT was a multicenter, double-blind trial that
enrolled 175 healthy term infants in Italy and Belgium at less than
14 days of age, who were fed a study formula for 6 months (23).
The HMO-supplemented formula demonstrated age-appropriate
growth as well as good tolerance as measured by parents. Another
RCT included 189 term infants in the US who were randomized
to 1 of 3 different formula groups (27). Infants were exclusively
formula fed until 4 months of age. All formulas were considered
well tolerated based on parental reports, and no significant dif-
ferences were observed for growth between groups. Notably,
neither of those trials utilized a validated tool to assess tolerance,
and thus tolerance outcomes cannot be easily compared across
studies. A recent RCT used the same validated IGSQ tool as in the
current study to assess tolerance (28). The HMO-supplemented
formula was well tolerated as evidenced by similar IGSQ scores
between the groups with and without the addition of 2’FL. The
agreements between the previous RCTs and the current study in
a real-world setting, however, are reassuring that growth, safety
and tolerance of the HMO-supplemented formula are consistent
and robust across study designs.

This study included several strengths. First, Gl burden was
measured using a validated instrument, the 13-item 1GSQ based
on five separate domains of feeding tolerance. The use of a vali-
dated instrument provides information that is interpretable by and
meaningful to practicing clinicians. Second, this was a RWE study,
a design distinct from an RCT, simpler, less restrictive, and in line
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with current clinical practices, enhancing the generalizability of the
results and providing additional useful information. The published
prevalence of infants who are mixed fed, in Spain (30) and in the
US (31) indicate that at age 1 month, 30 % of infants receive
mixed feedings, similarly as in this study. Thus, the demonstration
of appropriate growth and good tolerance effects in the mixed
feeding group of infants in this study provides important evidence
not found in the RCTs conducted to date.

Some limitations of the study should also be noted. An open-la-
beled, non-randomized design increases the risk for bias, in par-
ticular for response bias (also for validated questionnaires), and
higher attrition rates and missing data. In a study with specifically
defined feeding regimens such as ours, randomization is however
not possible. The main aim of randomization is to have study
groups with equal characteristics. We therefore compared the
baseline characteristics in our three groups and there were no
substantial differences except for age, which was lower in the FF
as compared to the MF and BF groups. As we corrected all our
statistical models with baseline age, we therefore assume that
our outcomes are not significantly affected by the slight difference
in baseline age between the groups, and hence also not by the
non-randomized nature of our trial. The study formula was sup-
plemented with just a single level of 2'FL and LNNT, and thus this
study cannot assess whether the observed growth and tolerance
effects might differ over a wider range of levels of these HMOs.
Additionally, this study, while multi-center, took place within a
single country (Spain) and its results may not be generalizable
outside of western countries.

In conclusion, this is the first RWE study to examine the effec-
tiveness of supplementing infant formula with HMOs. The results
obtained were similar to those found in more tightly controlled RCT
settings, indicating robust effects for growth, safety, and tolerance
in association with HMO-supplemented infant formulas.
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Abstract

Background: feelings and behaviours are an important tool that should be considered to prevent early unhealthy lifestyles.

Objective: the objective was to determine the association between feelings (i.e., sadness, loneliness, and school behaviour) with lifestyle (i.e.,
physical activity patterns and nutritional level), and as secondary endpoint to determine the relationship between health-related quality of life
(HRQoL) and lifestyle with obesity and cardiometabolic risk (CMR) factors in Latin American schoolchildren.

Methods: this cross-sectional study included a sample of 634 schoolchildren (girls, n = 282, 11.86 + 0.82 years, and boys, n = 352,
12.02 + 0.87 years) from publics schools in Chile. Body mass index (BMI), waist circumference (WC), waist-to-height ratio (WtHR), body fat (BF),
lifestyle, nutritional level, HRQoL, and CMR (i.e., WtHR > 0.5) were evaluated.

Results: schoolchildren who have felt sadness and loneliness presented an association with low nutritional level (OR: 4.26, 95 % Cl: 2.0-9.0,

p<0.001,and OR: 4.47,95 % Cl: 2.5-7.9, p < 0.001, respectively), bad lifestyle (OR: 2.14,95 % Cl: 1.0-4.54, p = 0.048, and OR: 1.78, 95 % Cl:
Keywords: 1.01-3.1, p = 0.045, respectively), and obesity (OR: 2.0, 95 % Cl; 0.89-4.54, p = 0.09, and OR: 2.05, 95 % Cl; 1.04-4.0, p = 0.037, respectively).
) ) Schoolchildren who have had enough time for themselves reported an association with bad lifestyle (OR: 0.69, 95 % CI: 0.47-1.02, p = 0.06),
h;feesé‘é'sbgé‘ﬁi'l'éyre‘); and those who have could not pay attention presented the highest association with bad lifestyle (OR: 4.64, 95 % Cl: 72-12.56, p = 0.002).

Obesity. Conclusion: Latin American schoolchildren who have felt sadness and loneliness reported unhealthy lifestyles (i.e., lower nutritional level,
Cardiometabolic risk. increased screen time, and low physical activity), obesity, and thus a higher CMR burden.
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Estilo de vida.
Calidad de vida.

Nifios de escuela.

Obesidad. Riesgo
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Resumen

Antecedentes: los sentimientos y los comportamientos son una herramienta importante que se debe tener en cuenta para prevenir el estilo
de vida poco saludable.

Obijetivo: el objetivo fue determinar la asociacion entre los sentimientos (es decir, tristeza, soledad y comportamiento escolar) con el estilo de
vida (es decir, los patrones de actividad fisica y el nivel nutricional), y el segundo objetivo fue determinar la relacion entre la calidad de vida
relacionada con la salud (CVRS) y el estilo de vida con la obesidad y los factores de riesgo cardiometabdlico (CMR) en escolares latinoamericanos.

Métodos: este estudio transversal incluyd una muestra de 634 escolares (nifias, n = 282, 11,86 + 0,82 afios y nifios, n = 352, 12,02 + 0,87
afios) de escuelas publicas de Chile. Se evaluaron el indice de masa corporal (IMC), la circunferencia de la cintura (CC), la relacion cintura-estatura
(RCE), la grasa corporal (GC), el estilo de vida, el nivel nutricional, la CVRS y el CMR (es decir, RCE > 0,5).

Resultados: los escolares que han sentido tristeza y soledad presentaron asociacion con un bajo nivel nutricional (OR: 4,26, IC 95 %: 2,0-9,0,
p<0,001,y0R:4,47,1C 95 %: 2,5-7,9, p < 0,001, respectivamente), un mal estilo de vida (OR: 2,14, 1C 95 %: 1,0-4,54,p = 0,048 y OR: 1,78,
IC 95 %: 1,01-3,1, p = 0,045, respectivamente) y obesidad (OR: 2,0, IC 95 %: 0,89-4,54, p = 0,09 y OR: 2,05, IC 95 %: 1,04-4,0, p = 0,037,
respectivamente). Los escolares que han tenido suficiente tiempo para si mismos informaron la asociacion con un mal estilo de vida (OR: 0,69;
IC del 95 %: 0,47-1,02, p = 0,06), y los que no han podido prestar atencién en la escuela presentaron una mayor asociacion con un estilo de
vida malo (OR: 4.64, IC 95 %: 72-12,56, p = 0,002).

Conclusién: en conclusion, los escolares latinoamericanos que han sentido tristeza y soledad reportaron un estilo de vida poco saludable (es

cardiometabdlico.

INTRODUCTION

The prevalence of obesity in children has increased all over the
world (1,2), and has been declared a global public health problem
(3). In fact, South American countries have shown greater increas-
es in the prevalence of obesity in girls and boys (4). Preventing
early obesity is one of the major concerns in the last years due
to its association with cardiometabolic risk (CMR) factors (5) and
various negative psychological factors (6). Many factors influence
the development of obesity in schoolchildren, some of which are
changes in lifestyle (i.e., physical activity (PA) patterns, sedentary
behaviours, and nutritional level) (7). In this sense, a healthy life-
style (8), including daily PA patterns, low screen time (ST) per day,
and healthy food habits (i.e., the inclusion of daily water, fibres,
fruits, and vegetables) are key targets for the prevention of CMR
in children (9).

On the other hand, a good lifestyle is a modifiable factor that
is inversely associated with obesity and CMR (10). The relevance
of this is that, if carried on since childhood, it may influence the
adoption of an active lifestyle (11), and prevent CMR (12); there-
fore, the study of the factors that influence lifestyle in children is a
priority and needs to be carried out in depth. In this respect, some
emotional states in children affect their lifestyle, as PA patterns
and foods habits (13). Likewise, emotions such as loneliness,
sadness, and social isolation are increasingly being acknowledged
as risk factors for physical and mental health problems (14),
and have been associated with unhealthy lifestyles in older and
younger individuals (15), illustrating the importance of considering
emotions as lifestyle factors. However, the relationship between
different aspects, such as perceived health-related quality of life
(HRQoL) and emotions (i.e., sadness and loneliness) with lifestyle
(i.e., PA, ST, and nutritional level), remains unclear in children
and needs to be studied deeply, since they are variables that
are associated with obesity and CMR. Therefore, the objective
of the present study was to determine the association between
feelings and lifestyle (i.e., PA patterns and nutritional level) and, as

decir, un nivel nutricional mas bajo, mas tiempo frente a la pantalla y poca actividad fisica), obesidad y, por lo tanto, mayor CMR.

secondary objective, to determine the association of HRQoL and
lifestyle with obesity and CMR in Latin American schoolchildren.

MATERIAL AND METHODS

This cross-sectional study included a sample of 634 schoolchil-
dren (girls (n=282),11.8 = 0.8 years, boys (n=352), 12.0 + 0.8
years)) from primary public schools in Chile. Parents and guardians
signed written consent forms for participation, and all schoolchildren
gave their written assent on the day measurements were made.

Inclusion criteria were as follows; a) registered in the study edu-
cational centres; b) attends classes regularly, and c) age between
10 and 13 years. Exclusion criteria included: a) presence of mus-
culoskeletal disorders; b) diagnosis of intellectual disabilities; c)
any other known medical condition that might impact the partic-
ipant’s health status and PA levels; d) did not complete all the
planned measurements of the study; and e) absent on the day of
the evaluation. The present study was carried out in accordance
with the Declaration of Helsinki (2013), and was approved by the
Local Ethics Committee (DFP16-0013. Project).

HEALTH RELATED TO QUALITY OF LIFE

The KIDSCREEN-10 was used to measure HRQoL and differ-
ent feelings and behaviours (i.e., sadness, loneliness, and school
behaviour). The questionnaire is a validated and widely used
assessment tool, developed for monitoring overall HRQoL in chil-
dren and adolescents (8 to 18 years of age). The KIDSCREEN-10
has 10 items, each answered on a five-point Likert scale indi-
cating the frequency of a specific behaviour or feeling (1 = nev-
er; 2 = almost never; 3 = sometimes; 4 = almost always; and
5 = always) or the intensity of an attitude (1 = not at all; 2 = slight-
ly; 3 = moderately; 4 = very much; and 5 = extremely). The
responses to items 3 and 4 (negatively formulated) were recoded
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to have scorings from 1 to 5; the raw scores were used for different
analyses. Higher values indicated a higher HRQoL (16) .

THE CHILDREN’S FOOD HABITS

The children’s food habits were assessed with the Krece Plus
test (17), which is a tool to assess eating patterns and their rela-
tionship with nutritional status based on the Mediterranean diet.
The form assesses a set of items concerning the diet being con-
sumed. Each item has a score of +1 or -1, depending on whether
it approximates the ideal of the Mediterranean diet. Total points
are summed, and according to the score obtained the nutritional
status is classified as follows: 1) Less than or equal to 5: low. 2)
From 6 to 8: moderate; 3) Greater than or equal to 9: high.

SCREEN TIME AND PHYSICAL ACTIVITY
AFTER SCHOOL

Lifestyle was evaluated with the Krece Plus test (17). The Krece
Plus is a quick questionnaire that classifies lifestyle based on the
daily average of hours spent watching television or playing video
games as screen time, and the hours of PA after school per week.
The classification is made according to the number of hours used
for each item. The total points are then added, and the person
is classified as having a good lifestyle (men: > 9, women > 8),
regular lifestyle (men: 6-8: women: 5-7), or bad lifestyle (men: <5
and women: < 4) according to the lifestyle score.

ANTHROPOMETRIC ASSESSMENT

The participants’ body mass (kg) was measured using a TANITA
scale (model Scale Plus UM — 028, Tokyo, Japan); measurements
were performed in light clothing, without shoes. Height (m) was
estimated with a SECA™ stadiometer (model 214, Hamburg, Ger-
many) graduated in mm. The body mass index (BMI), calculated as
the body weight divided by the square of the height in metres (kg/
m?), was used to estimate the degree of obesity. BMI is shown in
the growth table of the Centers for Disease Control and Prevention,
Overweight and Obesity (CDC), verifying the corresponding age and
the sex-related percentile. Child obesity was defined as a BMI equal
to or greater than percentile 95" and overweight as a BMI equal to
or greater than percentile 85" among children of the same age
and sex (18,19). Waist circumference (WC) was measured using
a similar SECA™ stadiometer (model 214, Hamburg, Germany)
equipment at the anatomic point of the umbilical scar (20).

CARDIOMETABOLIC RISK FACTORS
CMR was evaluated using the waist-to-height ratio (WtHR). The

WtHR was calculated by dividing WC by height, with values > 0.5
representing CMR according to international standards (21).

[Nutr Hosp 2020;37(4):707-714]

STATISTICAL ANALYSIS

The statistical analysis was performed using the Stata package,
version 13.0 (Stata Corp, College Station, TX, USA). Continuous
variables were expressed as median and percentile (5"-95%). Dif-
ferences between sexes were determined using the Mann-Whit-
ney test. Qualitative variables were expressed as proportions and
compared between groups with the chi-squared test. To determine
the association between feelings, lifestyle, and CMR an odds ratio
(OR; with 95 % Cl) was used. Besides, an interaction model was
assessed between low nutritional level combined with bad lifestyle
and CMR.

RESULTS

The characteristics of the study sample are shown in table I.
According to weight status 25.2 % had overweight and 22.4 %
had obesity. Likewise, 32.2 % reported CMR (WtHR > 0.5). The
nutritional level was mostly moderate (47.0 %). Boys reported a
higher proportion of bad lifestyle when compared to girls (boys:
65.34 % vs girls: 53.9 %).

The items in the KIDSCREEN 10 questionnaire and risk cat-
egories for nutritional level, bad lifestyle, obesity, and CMR are
explored in table II. Likewise, items that exhibited significant
associations are shown. The schoolchildren that had felt sad (Q:
Have you felt sad?) presented an association with low nutrition-
al level (OR: 4.26, 95 % Cl: 2.0-9.0, p < 0.001), bad lifestyle
(OR: 2.14, 95 % Cl: 1.0-4.54, p = 0.048) and obesity (OR:
2.0, 95 % Cl: 0.89-4.54, p = 0.09). Moreover, schoolchil-
dren that had felt lonely (Q: Have you felt lonely?) reported
an association with low nutritional level (OR: 4.47, 95 % Cl:
2.5-7.9), p < 0.001), bad lifestyle (OR: 1.78, 95 % CI: 1.01-
3.1, p = 0.045), and obesity (OR: 2.05, 95 % CI; 1.04-4.0,
p = 0.037). The schoolchildren that had had enough time for
themselves (Q: Have you had enough time for yourself?) report-
ed the highest association with bad lifestyle (OR: 0.69, 95 %
Cl: 0.47-1.02, p = 0.06), obesity (OR: 0.36, 95 % IC: 0.22-
0.58, p < 0.001) and CMR (OR: 0.50, 95 % Cl: 0.38-0.83,
p = 0.005). In relation to the question “Have you been able to
pay attention?”, the schoolchildren that answered seldom-never
presented the highest association with bad lifestyle (OR: 4.64,
95 % Cl: 72-12.56, p = 0.002).

The distribution of the weight status category was evaluated
in relation to nutritional level and lifestyle. A greater distribution
of overweight, obesity and CMR (WtHR > 0.5) was observed in
schoolchildren with low nutritional level and bad lifestyle (Fig. 1A,
Fig. 1B).

Table lll shows the association of variables. A bad lifestyle had
the highest association with CMR (OR: 8.08, 95 % Cl: 2.43-26.8,
p = 0.001). Likewise, low nutritional level was associated with
CMwR too (OR: 2.73, 95 % Cl: 1.58-4.7, p < 0.001). An inter-
action model between low nutritional level and bad lifestyle was
carried assessed; this model showed an association with CMR
(OR: 2.6, 95 % CI: 1.76-3.84, p < 0.001).
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Table I. Characteristics of the study sample regarding anthropometric parameters,
lifestyle, and HRQoL
Total Girls Boys
(n = 634) (n = 282, 44.5 %) (n=352,555%) | Pvale
Age (years) 12 (11-13) 12 (11-13) 12 (11-13) p=0.093
Anthropometrics
Weight (kg) 50.9 (33-78) 50.9 (33-72) 50.9 (33.5-84) p=0.938
BMI (kg/m?) 20.9 (15.6-30.1) 21.26 (16-30.2) 20.6 (15.3-29.76) p=0.247
Normal 332 (52.37 %) 148 (52.48 %) 184 (52.27 %) p=0.371
Overweight 160 (25.24 %) 77 (27.31 %) 83 (23.58 %)
Obesity 142 (22.40 %) 57 (20.21 %) 85 (24.15 %)
WC (cm) 72 (59-98) 71.5 (59-95) 72 (58-100) p=0.187
WHHR (WC/size) 0.47 (0.38-0.60) 0.46 (0.39-0.61) 0.47 (0.38-0.60) p=0.944
No risk (WtHR < 05) 430 (67.82 %) 198 (70.21 %) 232 (65.90 %) p=0.244
Risk (WtHR > 05) 204 (32.18 %) 84 (29.79 %) 120 (34.1 %0)
Body fat (%) 23.8 (12.8-36.2) 24.2 (14.3-35.8) 23.75 (12-37.4) p=0.115
Children’s foods habits
Food habits (score) 6 (2-9) 6 (2-9) 6 (2-9) p=0.226
High quality 111 (17.51 %) 45 (15.96 %) 66 (18.75 %) p=0336
Moderate quality 301 (47.48 %) 130 (46.1 %) 171 (48.58 %)
Low quality 222 (35.02 %) 107 (37.94 %) 115 (35.67 %)
Lifestyle
Screen time (h/day) 3(1-5) 3(1-5) 3(1-5) p=0.308
PA after school (h/week) 3(0-5) 3(0-5) 3(0-5) p=0.059
Lifestyle (ST-PA score) 4 (1-9) 4(1-9 4 (1-8) p =0.088
Good 38 (5.99 %) 22 (7.80 %) 6 (4.55 %) p < 0.001
Regular 214 (33.75 %) 108 (38.30 %) 106 (30.11 %)
Bad 382 (60.25 %) 152 (53.90 %) 230 (65.34 %)
Health-related quality of life
HRQoL (raw score) | 38 (20-44) | 38 (29-44) | 38 (29-44) | p=0554

The values shown are median (percentile 5-95), p-value, number (proportions) and Ch¥. BMI: body max index; WC: waist circumference; WtHR: waist-to-height ratio;

BF: body fat; PA: physical activity; HRQoL : health-related quality of life.

DISCUSSION

The objective of the present study was to determine the associ-
ation between feelings and lifestyle (i.e., PA patterns and nutrition-
al level); a secondary objective was to determine the relationship
of HRQoL and lifestyle with obesity and CMR in Latin American
schoolchildren. The main findings were: a) a negative self-percep-
tion (i.e., sadness and loneliness) was associated when school-
children were classified in the bad lifestyle, low nutritional level,
and obesitycategories; b) ST had the highest association with
CMR; c) the interaction between low nutritional level and bad
lifestyle showed a high and significant association with CMR.
The evidence reports the importance of a healthy combination

of lifestyle behaviours in childhood, including low ST, good PA
patterns (i.e., daily PA) and healthy eating pattern (i.e., inclusion of
vegetables and fruits) (7), whereas the results of the present study
reported that perceptions of HRQoL as sadness and loneliness are
associated with these behaviours.

In relation to HRQoL, the schoolchildren who expressed having
felt sadness and loneliness reported an ssociation with unhealthy
lifestyles. In this line, children appeared to engage in emotional
eating (i.e., eating in response to negative and positive emotion).
In this sense, a study showed that children’s snack food con-
sumption varied across emotional valences, revealing how hap-
piness and sadness can shape children’s eating patterns (22).
Likewise, an investigation that examined the associations among
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Low nutritional | p_ 4 jitestyle Obesity CMR
level
Have you felt sad?
Never 1.0 1.0 1.0 1.0
Seldom NS NS NS NS
. 0.32 (0.16-0.64),
Quite often NS NS b = 0,001 NS
4.26 (2.0-9.0), 2.14 (1.0-4.54), 2.00 (0.89-4.54),
Very often-always 0 < 0,001 0= 0.048 D =009 NS
Have you felt lonely?
Never 1.0 1.0 1.0 1.0
1.52 (1.0-2.3),
Seldom NS 0 = 0.045 NS NS
Quite often NS NS NS NS
4.47 (2.5-7.9), 1.78 (1.01-3.1), 2.05 (1.04-4.0),
Very often-always b < 0,001 0 = 0.045 D = 0.037 NS
Have you had enough time for yourself?
Always 1.0 1.0 1.0 1.0
0.69 (0.47-1.02), 0.36 (0.22-0.58), 0.50 (0.38-0.83),
Very often NS p = 0.006 D < 0.001 p = 0.005
) 2.37 (1.41-3.65),
Quite often 0 = 0,001 NS NS NS
Seldom-never NS NS NS NS
Have you been able to pay attention?
Always 1.0 1.0 1.0 1.0
2.84 (1.8-4.46),
Very often NS b < 0,001 NS NS
Quite often NS NS NS NS
4.64 (1.72-12.56),
Seldom-never NS b = 0.002 NS NS

The data shown represent OR (95 % Cl), p-value. p < 0.05 was considered statistically significant. Adjusted for age and sex. NS: not significant.

self-reported loss-of-control eating, emotion dysregulation, body
mass, and objective energy intake among the youth, reported
that emotion dysregulation may play a role in energy intake and
obesity (23), and negative emotions pose a major threat to public
health by increasing the risk of obesity (24). In the same way,
in children stress stimulated eating in the absence of hunger,
which could facilitate overweight (13). However, a study reported
that emotional problems and school attendance did not show any
significant correlation with BMI (25), results that differ from those
of the present study.

On the other hand, schoolchildren that reported having enough
time for themselves exhibited an association with bad lifestyle (i.e.,
high ST and low PA) and low nutritional level (i.e., Mediterranean

[Nutr Hosp 2020;37(4):707-714]

diet adherence). These points are very important as parents are
models of PA patterns and eating habits (i.e., lifestyle models)
for children and need to be present in their lifestyle development
and formation. In line with that, a study performed in children
provided confirmation of the important influence that parents
exert on their children’s PA behavior (26). Furthermore, parents’
encouragement and support can increase their children’s PA (27).
Likewise, a study showed that more active mothers have more
active children, and the authors also concluded that family-based
PA remains an important element of children’s activity behavior
regardless of age (28).

In line with that, the schoolchildren that said they had not been
able to pay attention showed the highest association with bad
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A. Weight status according to nutritional level and lifestyle. B. Cardiometabolic risk factors (WtHR > 0.5) according to nutritional level and lifestyle.

Table lll. Association between lifestyle
and nutritional level (interaction)
with CMR

CMR (WtHR = 0.5)
OR (Cl 95 %), p-value

Nutritional level
High 1.0
Medium 1.76 (1.04-3.0), p = 0.035
Low 2.73(1.58-4.7), p < 0.001
Lifestyle
Good 1.0
Regular 3.16 (0.92-10.7), p = 0.060
Bad 8.08 (2.43-26.8). p = 0.001

Interaction (low nutritional

level + bad lifestyle) 26(1.76-3.84), p <0.001

Screen time (h/day)
1 1.0
2 2.27 (0.81-6.36), p =0.112
3 3.33(1.24-8.93), p=0.017
4 4.46 (1.66-11.96), p=0.003
5 5.33 (1.91-14.07), p= 0.001

The data shown represent OR (95 % Cl), p-value. p < 0.05 was considered
statistically significant. Adjusted by age and sex. CMR: cardiometabolic risk.

lifestyle, that is, they had the highest ST and lowest PA after
school. Evidence showed that PA has also been found to have
positive effects on academic achievement and cognitive function-
ing (29). Along this line, a before-school PA intervention improved
cognitive function (i.e., attention and memory) in Chilean school-

children (30). On the other hand, an investigation showed that
the association between PA and cognitive function (i.e., working
memory) was intensity-dependent as significant findings were
only observed for vigorous PA (31). Likewise, other study showed
that the components of executive function (i.e., inhibitory control,
working memory, and cognitive flexibility) were more strongly
related to physical fitness than to PA in males and females (32).

In schoolchildren ST (> 2 h/day) was associated with CMR;
likewise, 5 h/day of ST showed the highest association with
CMR. Similar results have been reported, for example, by a study
carried out in adolescents that found that participants with pro-
longed ST had the highest levels of glucose and non-HDL-C. The
authors concluded that higher levels of PA appeared to be more
important than low levels of ST for CMR (33). Likewise, another
investigation reported that ST was positively associated with CMR
in overweight/obese adolescents (34). In this line, a previous study
found that students with high ST levels had significantly higher
anthropometric parameters including BMI and WC; furthermore,
the findings of this study showed that the joint association of high
ST and low PA is directly associated with abdominal obesity and
overweight (35). Nowadays, despite accumulating evidence linking
ST with poorer health outcomes among children, this prevalence
continues to increase (36); consistent with that, a study showed
that children with over 3 hours of ST had higher fat mass and
insulin resistance than peers with lower levels of ST (37).

In our sample schoolchildren with low nutritional level showed
an association with obesity and CMR. Consistent with that, a study
carried out in adolescents found that higher intakes of fruit and
non-starchy vegetables, dairy products, and grains were inde-
pendently associated with having fewer CMR factors; likewise, the
authors concluded that healthy food consumption patterns during
adolescence may prevent CMR (12). Likewise, an investigation
performed in Chinese schoolchildren reported that several dietary
factors, such as sugar consumption, were significantly correlated
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with CMR (38). Along these lines, a previous study that included
a prospective analysis with data from baseline and both 7- and
10-year follow-up reported that adherence at 7 years of age to a
dietary pattern rich in energy-dense foods and processed meat,
and low in vegetables, may increase several CMR factors at 10
years of age (39). Furthermore, an investigation that used longi-
tudinal observations made over a period of 2 years among 448
students reported that a reduction in the consumption of total
dietary fat and sodium may contribute to the prevention of excess
body weight and hypertension in children and younger people (40).

LIMITATIONS

This study has some limitations. Although we used standardized
PA questionnaires, we did not use accelerometer devices, which
would have provided the more precise quantification of PA and
sedentary behavior as ST. The strengths of this study include that
we examined several variables associated to CMR in children, as
lifestyle and self-perception of HRQoL, that contribute to a better
understanding of the serious problem of physical inactivity and
childhood obesity.

CONCLUSION

In conclusion, Latin American schoolchildren who had felt sad-
ness and loneliness (i.e., negative feelings) reported unhealthy
lifestyles (i.e., lower nutritional level, more ST exposure, and
low PA), obesity, and thus a higher burden of CMR. Therefore,
perceived HRQoL (i.e., feelings reported in KIDSCREEN-10) are
an important tool that should be considered to prevent early
unhealthy lifestyles and CMR in schoolchildren.
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Abstract

Introduction: in the Brazilian population it is noted that obesity is increasing in all ages, particularly in the elderly, due to changes in habits and
the consumption of foods with high energy density. The objective of this study was to reanalyze the data from a Food Frequency Questionnaire
(FFQ) in order to obtain new food patterns from the elderly population.

Methods: sociodemographic data, morbidities, and Food Frequency Questionnaire (FFQ) results were collected from a representative sample of
355 elderly in the city of Botucatu, S&o Paulo, Brazil, and stratified by Basic Health Unit in the municipality. The data from the FFQ were transformed
into daily consumption, and only foods with an intake of at least 40 % were included in the analysis. Eating patterns were obtained by means of
an exploratory and confirmatory factor analysis using the principal component method, associating them with obesity and demographic variables
obtained via structural equation models (SEMs).

Results: with the data from the FFQ, four eating patterns were obtained using the exploratory and confirmatory factor analysis: healthy, tra-
ditional, snacks and weekend meals, and mild diet. Using SEMs and considering general obesity as measured by the body mass index (BMI),
being female, younger, hypertensive, diabetic, and having lower adherence to the traditional pattern increases BMI. Additionally, using SEMs
and considering central obesity as measured by waist circumference (WC), being hypertensive or diabetic, and having a lower adherence to the
traditional pattern increases WC.

Conclusion: removing excess zeroes from FFQ data it was possible to obtain well-defined eating patterns using the exploratory and confirmatory
analysis, and to associate them with obesity through SEMs.

Resumen

Introduccion: en la poblacion brasilefia se observa que la obesidad ha aumentado en todas las edades, incluidas las personas mayores, debido
a los cambios en los habitos y el consumo de alimentos con alta densidad energética. El objetivo de este estudio fue volver a analizar los datos
de un cuestionario de frecuencia alimentaria (FFQ) con el fin de obtener los nuevos patrones dietéticos de la poblacion de edad avanzada.

Métodos: se recogieron datos sociodemograficos y de morbilidad, y los resultados de un cuestionario de frecuencia alimentaria (FFQ) de una
muestra representativa de 355 personas mayores de la ciudad de Botucatu, Sao Paulo, Brasil, y se estratificaron por Unidad Basica de Salud
del municipio. Los datos del FFQ se transformaron en consumo diario y solo se incluyeron en el andlisis alimentos con al menos un 40 % de
consumo. Los patrones dietéticos se obtuvieron mediante el analisis factorial exploratorio y confirmatdrio con el método del componente principal,
asociandolos con la obesidad y las variables demogréficas mediante modelos de ecuaciones estructurales (SEM).

Resultados: con los datos del FFQ se obtuvieron cuatro patrones dietéticos mediante el andlisis exploratorio y confirmatorio: saludable, tradicional,
tapas y comidas de fin de semana, y dieta ligera. Con los SEM y considerando la obesidad general medida por el indice de masa corporal (IMC),
ser mujer, mas joven, hipertensa, diabética y con menos adherencia al patron tradicional aumenta el IMC. Ademas, con los SEM y considerando
la obesidad central medida por la circunferencia de la cintura (WC), ser hipertenso, diabético y tener una menor adherencia al patrén tradicional
aumenta los valores de WC.

Conclusiones: el andlisis factorial exploratorio y confirmatorio reveld los patrones dietéticos y los modelos de ecuaciones estructurales resultaron
(tiles para obtener las relaciones existentes entre los resultados de interés.
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INTRODUCTION

Obesity is currently one of the most serious public health prob-
lems and it can generally be classified as the degree of fat accu-
mulation in the body associated with health risks due to its relation
with several metabolic complications (1,2). The basis of this dis-
ease is the undesirable process of positive energy balance, that
is, an imbalance between intake and energy expenditure, which
results in weight gain. Considered as a multifactorial disease,
its determinants may be biological, environmental, economical,
social, cultural, or political (3).

Obesity growth in the elderly, as with other eating groups, may
be associated with the events of this nutritional transition period in
which changes in eating habits, increased consumption of foods
with high energy density, and reduced intake of foods rich in fiber
and nutrients become increasingly evident in society (4).

In addition to these changes in the eating pattern of the elderly
population, there is also a decrease in physical activity in this
phase of life. The World Health Organization (5) emphasizes phys-
ical activity, in association with food consumption, as fundamental
factors for the maintenance of the energy balance, that is, of the
balance between intake and energy expenditure, thus preventing
obesity.

Therefore, the aim of the present study was to obtain the eat-
ing patterns of an elderly population from a medium-sized city
in S&o Paulo State, Brazil, and to associate adherence to these
patterns with general and central obesity using structural equation
techniques.

METHODOLOGY

The data used in this study came from a cross-sectional epide-
miological study with a representative sample of individuals aged
60 and above, living in the urban area and enrolled in the Basic
Health Units (BHUs) of the city of Botucatu, S&o Paulo (SP), Brazil.
Data collection took place in the households and in the Basic
Health Units from March to June, 2011. A survey of socio-de-
mographic, lifestyle, anthropometry, and morbidity data was
administered to this population, and the results of a validated food
frequency questionnaire (FFQ) for the elderly were collected (6).

Sample size was calculated considering five times the number
of items present in the FFQ, according to the formula (7,8):

if k > 15 then n = 5k,

where k = number of food frequency questionnaire items. As
the applied FFQ contained 71 items, the total sample was 355
individuals, selected by stratified sampling among the 16 units of
the basic health network in the municipality.

Interviews were conducted with the elderly who agreed to par-
ticipate in the study, after providing an explanation of the research
objectives and confirming who was able to respond to the sur-
vey. Individuals with auditory deficit or difficulty understanding
the questions were included in the sample, provided they were

J. E. Corrente et al.

accompanied by a caregiver who was responsible for answering
the questions. In case of refusal, a new elderly person was drawn
from the database. The project was approved by the Ethics Com-
mittee of the Botucatu Medicine Faculty, SP, Brazil (Process no.
3560/2010, date of approval 07/06/2010), and all the partici-
pants signed a free and informed consent form.

The sociodemographic variables analyzed were: sex, age, edu-
cation, family income per capita, and race. A TANITA® portable
digital electronic scale was used to measure weight, an ALTU-
REXATA® portable stadiometer to measure height, and an inelas-
tic tape to measure waist circumference (WC). The body mass
index (BMI) was calculated by dividing weight (in kg) by height
in square meters (weight / height?). The classification of BMI
was in accordance with the cut-off points recommended by the
Pan American Health Organization (PAHO) in the Health, Welfare
and Aging project (WHO, 2001), which surveyed Latin American
countries, including Brazil: low weight (BMI < 23 kg/m?), normal
weight (23 < BMI < 28 kg/m?), pre-obesity (28 < BMI < 30 kg/
m?), and obesity (BMI = 30 kg/m?). Waist circumference (WC) was
classified as normal if less than 88 cm for women and less than
102 cm for men. The BMI variable was used to evaluate general
obesity and the WC variable for central obesity.

Data obtained from the food frequency questionnaire (FFQ)
were transformed into daily consumption, based on a 100 g of
food scale. A routine in the SAS (Statistical Analysis System) soft-
ware was developed to get daily food consumption data.

A descriptive analysis with demographic and anthropometric
data was conducted, and the percentage of general obesity (as
evaluated by BMI) and central obesity (as evaluated by the WC)
were also obtained. A descriptive analysis of the daily consump-
tion data was also run, and only foods with a consumption greater
than 40 % were considered. This is due to an excess of null
observations in several foods that characterize non-consump-
tion, which causes overdispersion and may interfere in the factor
analysis. Thus, from 71 foods only 45 foods were considered to
obtain the study patterns. For these foods an exploratory factor
analysis was applied using the principal component method with
varimax rotation to establish food patterns. Next a confirmatory
factor analysis was performed, in which a chi-squared test was
performed and adjustment quality indexes were measured (8). As
follows, BMI and WC were associated with scores of consump-
tion and with demographic and morbidity variables by means of
structural equation models. Defining patterns as latent variables
a correlation was calculated in order to verify the association
between them.

All analyses were performed using the SAS for Windows v.
9.4 software, with PROC FACTOR and PROC CALIS, and the R
software, v. 3.5.2, using the LAVAAN routine.

RESULTS

The sample was composed of 355 individuals who were sixty
years of age or older, of which 163 (45.9 %) were male, and
192 (54.1 %) were female; age ranged from 60 to 92 years, and
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average age was 69.54 years (with a standard deviation of 7.73
years). This population lives with an average family income per
capita of 1.76 minimum wages (US$ 330,00). Some demograph-
ic, socioeconomic, and lifestyle variables that describe this group
are listed in table I.

Among the morbidities reported by the elderly, hypertension
(58.6 %) followed by elevated cholesterol/triglycerides (37.5 %)
and diabetes mellitus (22.0 %) were most common.

Using the cut-off points for BMI and WC according to the values
established by PAHO for the elderly, it was found that 15.9 % of
men and 30.2 % of women were classified with general obesity,
and 42.9 % of men and 74.5 % of women were classified as
having central obesity.

The data used in this study had been previously analyzed and
six food patterns were obtained (9). In this work, a new analysis

Table I. Demographic, socioeconomic
and lifestyle variables that characterize
individuals aged 60 years old or above,
enrolled in the basic health network of

the city of Botucatu-SP, Brazil. 2011

Variables Categories | n | %
Demographics
Male 163 | 45.9
Sex
Female 192 | 541
60-69 years 196 | 55.2
70-79 years 114 | 321
Age group
80-89 years 39 11.0
90 years and above 6 1.7
White 300 | 85.2
Race Black 19 54
Brunet 32 9.1
Socioeconomics
Never studied 44 12.4
Elementary 173 | 487
Schooling Fundamental 61 17.2
High school 40 1.3
University or more 37 104
) Without partner 140 | 394
Marital status -
With partner 215 | 60.6
Lifestyle
) o Inactive 160 | 451
Physical activity -
Active 195 | 549
) Yes 120 | 33.8
Alcohol consumption
No 235 | 66.2
Yes 24 6.8
Alcohol abuse
No 96 27.0
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was run to determine patterns considering only foods with a con-
sumption of at least 40 %. Thus, only 45 foods were included in
the analysis. The patterns were obtained using a factor analysis
with the principal components method, varimax rotation, and a
cutoff point of 0.20. Table Il shows the results of the factor analy-
sis with four factors, and table Il presents the named patterns with
their respective foods. In this new analysis, a 25 % of explained
variance was found.

A confirmatory factor analysis was performed defining each
pattern as a latent variable, testing the sample variance matrix
as being the population variance, and calculating the respective
indexes of goodness-of-fit. The result of the confirmatory factor
analysis is presented in table IV.

According to table IV, the chi-squared test statistic rejected the
sample variance in the proposed model (p-value < 0.0001) as a
population variance. It may be noted that the adjustment quality
indexes good-of-fit index (GFI = 0.8116) and root mean square
error of approximation (RMSEA = 0.0562; 95 % Cl = [0.0523-
0.0601]) showed a good fit. Then it may be concluded that the
proposed model was adequate and confirmed the obtained pat-
terns.

In order to correlate eating patterns with general and central
obesity a multiple regression model was used to verify these
effects through a structural equations model for direct effects.

Although the structural equations model is more appropriate to
adjust continuous variables, categorized variables were included:
gender (0-Male/1-Female), hypertension (1-Yes/2-No), and dia-
betes (1-Yes/2-No). Also age and scores of consumption related
to the eating patterns were included in the analysis.

According to table V and considering BMI as a response vari-
able, significant associations were found for gender (female has
a higher BMI), age (the eldest has a lower BMI), hypertension
(hypertensive has a higher BMI), diabetes (diabetic has a higher
BMI), and the traditional pattern score (lower adherence to this
pattern implies a higher BMI). For WC significant associations
were found with hypertension (hypertensive has a higher WC),
diabetes (diabetics have a higher WC), and the traditional pattern
score (lower adherence to this pattern implies a higher WC). The
adjustment quality index in this case was 88 %.

As differences between both sexes were found, a separate
analysis was made of males and females, as shown in table VI.

According to table VI, considering again BMI as a response
variable for males, significant associations were found for age
(lower BMI with higher age), hypertension (hypertensive has a
higher BMI), traditional pattern score (lower adherence to pattern
has a higher BMI) and score for snacks and weekend meals (lower
adherence to this pattern has a lower BMI). For WC, associations
with hypertension (hypertensive has a higher BMI), traditional pat-
tern score (lower adherence to pattern has a higher BMI), score
for snacks and weekend meals (lower adherence to this pattern
has a lower BMI), and score for mild diet (lower adherence to this
pattern has a higher WC) were found.

Now, considering BMI as a response variable for female, a sig-
nificant association was found for age (lower BMI with higher age),
hypertension (hypertensive has a higher BMI), diabetes (diabetic
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Table Il. Description of the factor analysis for the consumption data obtained from the FFQ
for the elderly. Botucatu-SP, Brazil, 2011

Food Factor 1 | Factor2 | Factor 3 | Factor 4 | Communalities

Soup -0.073 -0.059 -0.026 0.661 0.447
Fried snacks -0.095 -0.003 0.426 -0.008 0.190
Baked snacks 0.036 -0.042 0.463 0.049 0.220
Pasta with meat 0.105 0.104 0.438 -0.062 0.217
Pizza 0.054 -0.181 0.436 -0.073 0.231
Polenta -0.054 0.208 0.027 0.357 0174
Beef 0.074 0.191 0.060 -0.043 0.047
Pork 0.072 0.166 0.060 -0.011 0.037
Sausages 0.040 0.396 0.307 -0.066 0.257
Other sausages -0.041 -0.239 0.541 -0.086 0.359
Chicken 0.239 0.112 -0.195 0.017 0.108
Fish 0.257 -0.155 -0.084 0.137 0.116
Whole milk -0.090 0.247 -0.012 0.201 0.109
Mozzarella cheese 0.049 -0.277 0.365 -0.100 0.223
Cottage cheese 0.198 -0.414 0111 0.101 0.233
Egg 0.116 0.067 0.200 0.029 0.059
Beans 0.128 0.517 -0.159 -0.155 0.333
Feijoada 0.006 0.239 -0.007 0.019 0.058
White rice 0.159 0.545 -0.048 -0.157 0.349
French fries -0.099 0.170 0.343 -0.006 0.156
Cooked potatoes -0.050 -0.010 0.018 0.694 0.485
Cassava flour 0.099 0.347 0.018 0.106 0.142
Lettuce 0.656 -0.027 -0.033 -0.111 0.445
Tomatoes 0.643 -0.039 0.024 -0.009 0.415
Carrots 0.330 -0.135 -0.017 0.530 0.409
Other vegetables 0.439 -0.032 -0.031 0.528 0.474
Raw vegetables 0.563 -0.109 -0.040 0.289 0.414
Cooked vegetables 0.492 -0.042 -0.034 0.292 0.331
Broccoli 0.501 -0.118 -0.158 0.352 0.414
Qil -0.101 -0.014 0.223 -0.046 0.062
Salt 0.617 0.083 0.109 -0.201 0.440
Orange 0.192 -0.231 0.123 0.102 0.116
Banana 0.065 -0.130 0.142 0.279 0.119
Apple 0.249 -0.460 0.053 -0.008 0.276
Papaya 0.258 -0.505 0.010 0.130 0.338
Coffee with sugar -0.195 0.526 0.139 0.109 0.346
Regular soft drink -0.150 0.105 0.398 -0.082 0.198
Rolls -0.046 0.253 0.515 0.146 0.353
Plain cookies 0.063 0.136 0.022 0.202 0.064
Plain cake 0.024 -0.099 0.261 0.165 0.105
Butter 0.082 0.002 0.490 0.179 0.278
Chocolate 0.057 -0.198 0.107 -0.030 0.055
Desserts 0.037 0.024 0.320 0.136 0.123
Sugar -0.051 0.524 0.079 0.113 0.296
Salad dressing 0.651 0.103 0.113 -0.072 0.452
% 0.087 0.057 0.056 0.046 0.246
Explained variance per factor 3.318 2.790 2.564 2.403
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Table lll. Description of eating patterns for the elderly from the exploratory factor analysis.

Botucatu-SP, Brazil, 2011

cassava flour, coffee with sugar, sugar

Patterns Foods
Health Chicken, fish, lettuce, tomatoes, raw vegetables, cooked vegetables, broccoli, salt, apple, papaya, salad
y dressing
Traditional Sausage, whole milk, beans, feijoada, white rice,

Snacks and weekend meals

Fried snacks, baked snacks, pasta with meat, rolls, pizza, other sausages, mozzarella cheese, egg, French

fries, oil, regular soft drinks, plain cake, butter, desserts

Mild diet

soup, polenta, cooked potatoes, carrots
other vegetables, banana, plain cake

Table IV. Adjustment indices obtained by confirmatory factor analysis for the eating
patterns obtained with the FFQ data for elderly people. Botucatu-SP, 2011

Fit summary Indices Values

Number of Observations 355
Number of Variables 40
Number of Moments 820
Number of Parameters 86

Modeling info Number of Active Constraints 0
Baseline Model Function Value 7.3993
Baseline Model Chi-Squared 2619.361
Baseline Model Chi-Squared DF 780
Pr > Baseline Model Chi-Squared < 0.0001
Fit function 4.3928
Chi-Squared 1555.0535
Chi-squared DF 734
Pr > Chi-squared < 0.0001

Absolute index Z-Test of Wilson & Hilferty 16.3594
Hoelter Critical N 182
Root Mean Square Residual (RMR) 0.0342
Standardized RMR (SRMR) 0.0717
Goodness of Fit Index (GFI) 0.8116
Adjusted GFI (AGFI) 0.7895
Parsimonious GFl 0.7638

Parsimony index RMSEA Estimate 0.0562
RMSEA Lower 90 % Confidence Limit 0.0523
RMSEA Upper 90 % Confidence Limit 0.0601

has a higher BMI) and traditional pattern score (lower adherence
to pattern has a higher BMI). For WC, associations with hyperten-
sion (hypertensive has a higher BMI) and diabetes (diabetic has
a higher WC) were found. The adjustment quality index for this
case was 87 %.
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Considering the patterns as latent variables, a correlation was
found between the healthy and the mild diet patterns (r = 0.4907,
p < 0.0001). This correlation is interesting because the foods that
make up the two standards are light, like green groceries, and
therefore healthier.
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Table V. Adjustment of the structural equations model for BMI and WC for the data
of elderly people food patterns. Botucatu-SP, Brazil, 2011

Path Variables Estimate Standard t-value Pr> |t
BMI <=== Sex 1.9412 0.5538 3.5051 0.0005
BMI <=== Age -0.1176 0.0364 -3.2317 0.0012
BMI <=== Hypertension -2.7557 0.5501 -5.0093 < 0.0001
BMI <=== Diabetes mellitus -1.5103 0.6574 -2.2973 0.0216
BMI <=== Score 1 -0.3415 0.2703 -1.2634 0.2064
BMI <=== Score 2 -1.0267 0.2665 -3.8528 0.0001
BMI <=== Score 3 0.4163 0.2632 1.5816 0.1137
BMI <=== Score 4 -0.4104 0.2746 -1.4945 0.1350
WC <=== Sex -2.5200 1.3195 -1.9097 0.0562
WC <=== Age -0.1291 0.0867 -1.4888 0.1366
WC <=== Hypertension -6.5881 1.3107 -5.0263 < 0.0001
WC <=== Diabetes mellitus -6.5863 1.5664 -4.2048 < 0.0001
WC <=== Score 1 -0.3267 0.6441 -0.5073 0.6119
WC <=== Score 2 -2.4496 0.6349 -3.8583 0.0001
WC <=== Score 3 0.7210 0.6272 1.1496 0.2503
WC <=== Score 4 -1.2283 0.6543 -1.8774 0.0605

Table VI. Adjustment of the structural equations model for BMI and WC for the data
of food patterns of the elderly stratified by sex. Botucatu-SP, Brazil, 2011

Sex Path Variables Estimate Standard t-value Pr> |t|
BMI <=== Age -0.1528 0.0521 -2.9353 0.0033
BMI <=== Hypertension -2.2854 0.6559 -3.4844 0.0005
BMI <=== Diabetes mellitus 0.1825 0.8927 0.2045 0.8380
BMI <=== Score 1 -0.1708 0.3599 -0.4745 0.6351
BMI <=== Score 2 -1.1743 0.2979 -3.9424 < 0.0001
BMI <=== Score 3 0.8341 0.3334 2.5018 0.0124
Male BMI <=== Score 4 -0.2015 0.3635 -0.5544 0.5793
WC <=== Age -0.1381 0.1389 -0.9941 0.3202
WG <=== Hypertension -5.6262 1.7503 -3.2144 0.0013
WC <=== Diabetes mellitus -1.1200 2.3823 -0.4701 0.6383
WC <=== Score 1 -0.9376 0.9603 -0.9764 0.3289
WC <=== Score 2 -3.3409 0.7949 -4.2029 < 0.0001
WG <=== Score 3 2.6094 0.8897 2.9329 0.0034
WC <=== Score 4 -2.0326 0.9700 -2.0955 0.0361
BMI <=== Age -0.1116 0.0519 -2.1481 0.0317
BMI <=== Hypertension -3.1122 0.8607 -3.6157 0.0003
BMI <=== Diabetes mellitus -2.3366 0.9507 -2.4578 0.0140
BMI <=== Score 1 -0.4201 0.4092 -1.0267 0.3046
BMI <=== Score 2 -0.9934 0.4581 -2.1686 0.0301
BMI <=== Score 3 0.1149 0.3965 0.2898 0.7719
Female BMI <=== Score 4 -0.3519 0.4259 -0.8264 0.4086
WC <=== Age -0.1124 0.1124 -1.0000 0.3173
WC <=== Hypertension -7.0207 1.8629 -3.7687 0.0002
WC <=== Diabetes mellitus -9.5580 2.0576 -4.6453 < 0.0001
WC <=== Score 1 -0.1904 0.8856 -0.2150 0.8298
WC <=== Score 2 -1.5773 0.9914 -1.5909 0.1116
WC <=== Score 3 -0.7706 0.8581 -0.8980 0.3692
WC <=== Score 4 -0.1558 0.9217 -0.1690 0.8658
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DISCUSSION

The present study makes a reanalysis of the data obtained from
a representative sample of the elderly population of the city of
Botucatu, SP, Brazil, referring to the application of a questionnaire
involving demographic data, morbidities, anthropometry, and FFQ
results. In previous results (9) we obtained six eating patterns
(healthy, snacks and weekends, fruits, light and diet, soft, and
traditional diet). In that case a significant association was found
with the socioeconomic level of the population, in which families
with higher incomes adhere more to snacks and weekend meals
than to a soft and traditional diet, indicating a new scenario and
a new challenge regarding food consumption in this group. In
addition, associations with obesity were also revealed, obtaining
that a high adherence to the healthy pattern is a protective factor
for general obesity. Altogether, moderate adherence to the healthy
pattern is a protective factor for central obesity whereas moderate
adherence to the snacks and weekend pattern is a risk factor for
central obesity (10).

In this new approach, only foods with a consumption great-
er than 40 % were considered, and four eating patterns were
obtained. Here, income and some sociodemographic variables
were not included. A confirmatory factor analysis demonstrat-
ed a good fit for the proposed patterns, as well as a correlation
between them through the use of latent variables. It was possible
to correlate values of BMI and WC with scores of consumption for
each pattern, and for demographic and morbidity variables using
structural equation models.

Considering aging as a natural process that involves several
anatomical and functional changes, with consequences on the
individual’s health and quality of life that can lead to a reduction
in functional capacity, nutritional status, and eating habits, and
the presence of chronic diseases, not forgetting compromised
socioeconomic conditions, all of it should be highlighted when it
comes to elderly people (11).

In the overall analysis of the elderly sample we found a sig-
nificant inverse association between BMI and age, adherence to
the traditional pattern, and a direct association with hypertension
and diabetes. For WC, a significant inverse association with the
traditional pattern and a direct association with hypertension and
diabetes were obtained.

The results obtained in the present study showed a significant
association of anthropometric indicators (BMI and WC) with eat-
ing patterns and chronic diseases (hypertension and diabetes),
consistent with the national and international literature (12,13).
Several researchers have highlighted the association between
consumption of foods with high energy content, poor in nutrients
and fibers, with weight gain, increased abdominal fat, and devel-
opment of hypertension, diabetes mellitus and obesity (11,14-
16). These findings support the importance of maintaining an
adequate and healthy food consumption pattern. Of course, this
consumption must be associated with other actions promoting
a better quality of life and also ways to prevent and control the
development of chronic diseases such as obesity, hypertension,
diabetes, and others.
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In our study, we found that increased adherence to the tradition-
al pattern of eating decreases BMI and WC. The traditional pattern
described in this study is related to the consumption of foods rich
in fat (sausage, whole milk, feijoada), low in fiber (white rice, cas-
sava flour, coffee with sugar, sugar), but such is the traditional food
in Brazil. However, similar results were found in a study in which
the Healthy Eating Index (11) was applied. The authors verified that
32.9 % of the elderly had a “poor quality” diet, 60.3 % “needed
improvement,” and only 6.8 % had a “good quality” diet with lower
intakes of fruits, vegetables, carbohydrates, and milk and dairy
products (17). Another study carried out in the city of Sdo Paulo
(Health Survey of the City of S&o Paulo) also found an indirect and
inverse association between the traditional pattern and BMI and
WC, but in this case mediated with the effect of serum leptin (18).

It is well known that various changes that occur with aging
are related to body composition and the distribution of body fat.
As observed in this study, increased age showed a significant
association with decreased BMI (19).

The recommendations regarding nutritional consumption for
population groups, in general, are distinct for men and for women.
The study by gender details the one found in the analysis of the
general group. For males, it was found that greater adherence to
the snacks and weekend pattern tended to increase BMI and WC,
while higher adherence to the traditional pattern decreased BMI
and WC. Also, low adherence to the mild diet and the traditional
patterns tended to cause lower WC values. These findings agree
with Brazilian studies that reported that the traditional pattern is
more frequent among men (20,21). For women, higher adherence
to the traditional pattern decreased BMI as usual in the Brazilian
population, although some studies noted that women have a high-
er consumption of fruits and vegetables (22,23).

One of the study limitations can be pointed out as the occur-
rence of some bias because individuals can overestimate or
underestimate their intake. There is @ memory bias and also a bias
related to the use of a FFQ instrument, which takes a long period
of time to fill out. Another limitation is the use of the factor analy-
sis, as a gold-standard method to obtain eating patterns does not
exist (9). Nevertheless, we found a good quality of indexes in the
confirmatory analysis, and also a relationship among obesity and
morbidities and eating patterns using structural equation models.

Although aging is a dynamic process that involves several modi-
fications in the body, awareness is important of the eating patterns
of this population and of their association with some demographic
and morbidity factors in order to allow the elaboration and plan-
ning of actions aimed at improving this scenario and to maintain
healthy habits and an appropriate weight.

FINAL CONSIDERATIONS

The present study addresses a reanalysis of data on food con-
sumption patterns in the elderly, based on an exploratory and
confirmatory factor analysis, and their correlations with demo-
graphic and morbidity factors through the use of structural equa-
tion models.
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Considering only the food most commonly consumed by older

people, the established patterns presented an approximation of
what would be observed in the practice and culture of the region
involved. In addition, it was possible to establish associations of
these patterns with general and central obesity, and also with
morbidity including risk factors for metabolic syndrome.

Thus, through this study, it is possible to follow the trends

and behaviors of the elderly regarding nutritional aspects by
encouraging and establishing policies to promote healthy eating
habits.
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Abstract

Introduction: many patients with acute-phase swallowing disorders experience malnutrition, which can be caused by oral intake difficulties.
Many diseases can cause swallowing difficulties such as aspiration pneumonia, and it is, therefore, necessary to consider the risk of malnutrition
during oral feeding therapy in patients with aspiration pneumonia.

Objectives: we aimed to evaluate the risk of malnutrition in patients with aspiration pneumonia and other diseases.
Methods: the participants comprised 62 patients (45 males, 17 females) with acute-phase swallowing disorders who underwent speech therapy
(ST) for swallowing rehabilitation. The patients were divided into four groups: 1) oral feeding with pneumonia, 2) parenteral feeding with pneumonia,

3) oral feeding without pneumonia, and 4) parenteral feeding without pneumonia. The serum albumin and total protein levels were measured to
evaluate malnutrition, and swallowing ability was assessed using the Fujishima grade.

Keywords: ) o ) o ) ) ) ) ) ) )

y Results: at the time of ST initiation, serum albumin levels were significantly higher in the oral feeding with pneumonia and oral feeding without
Swallowing. pneumonia groups than in the parenteral feeding with pneumonia and parenteral feeding without pneumonia groups. The Fujishima grades differed
Swallowing significantly between the pneumonia/parenteral feeding group and the non-pneumonia/parenteral feeding group.
disorder. Aspiration . ) o ) ) e ) ) ) N )
pneumonia. Conclusions: patients with difficulty in swallowing due to aspiration pneumonia were at higher risk of malnutrition than were those without these
Malnutrition. difficulties. These findings suggest that the nutritional status of parenterally fed patients who developed pneumonia may be inherently poorer
Parenteral nutrition. than that of orally fed patients.

Resumen
Introduccion: muchos pacientes que padecen trastornos de la deglucion en fase aguda experimentan desnutricion, que pueden estar causa-
dos por dificultades en la ingesta oral. Muchas enfermedades pueden causar dificultades de la deglucion, incluida la neumonia por aspiracion,
y, por lo tanto, es necesario considerar el riesgo de desnutricion durante la terapia de alimentacion oral en los pacientes que padecen neumonia
por aspiracion.
Objetivos: nuestro objetivo fue evaluar el riesgo de desnutricion en pacientes que padecen neumonia por aspiracion y otras enfermedades.
Métodos: los participantes comprendian 62 pacientes (45 hombres, 17 mujeres) con trastornos de la deglucion en fase aguda que se sometieron
a tratamiento logopédico (speech therapy, ST) por rehabilitacion de la deglucion. Los pacientes se dividieron en cuatro grupos: 1) alimentacion
oral con neumonia, 2) alimentacion parenteral con neumonia, 3) alimentacion oral sin neumonia y 4) alimentacion parenteral sin neumonia. La
albumina sérica y los niveles totales de proteinas se calcularon para evaluar la desnutricion, y la capacidad de deglucion se evalu6 usando el
grado de Fujishima.
Palabras clave: Resultados: en el momento de iniciar el tratamiento logopédico (speech therapy, ST), los niveles de albimina en suero fueron significativamente
mas altos en los grupos de alimentacion oral con neumonia y alimentacion oral sin neumonia que en los grupos de alimentacion parenteral con
Deglucién. Trastorno neumonia y alimentacion parenteral sin neumonia. Los grados de Fujishima difieren de forma significativa entre los grupos de alimentacion oral/
"3‘9 la deglucion. alimentacion parenteral con neumonia y los grupos de alimentacion oral/alimentacion parenteral sin neumonia.
eumonia por . ) . L, X , ., » X L
aspiracion. Conclusiones: los pacientes que poseen dificultades de la deglucion debido a neumonia por aspiracion presentan un riesgo mayor de desnutricion
Desnutricion. que aquellos que no poseen estas dificultades. Estas conclusiones sugieren que el estado nutricional de los pacientes alimentados parenteralmente
Nutricion parenteral. que desarrollaron una neumonia puede ser inherentemente mas pobre que el de los pacientes alimentados oralmente.
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INTRODUCTION

Aspiration pneumonia, a type of pneumonia frequently caused
by swallowing disorders, has been increasing in incidence (1). The
rate of aspiration pneumonia in patients with pneumonia increases
after the age of 50 years, reaching 75.0 % in patients aged > 70
years and 80.1 % in those aged > 80 years (2). Decreased pha-
ryngeal sensation and delayed swallow initiation are more fre-
quently observed in elderly patients than in younger individuals,
and swallowing time has also been reported to be prolonged by
30-50 % (3). These findings explain why the age-related increase
in the risk of developing pneumonia is believed to be due to swal-
lowing disorders (4-7).

However, the causes of aspiration pneumonia include not only
accidental aspiration during the swallowing of food, but also aspi-
ration due to causes other than feeding, such as gastric reflux and
the accidental aspiration of saliva during sleep (2). In particular,
sarcopenia, which is an age-related decrease in muscle mass, has
been one focus of attention (3). Further, the incidence of dysphagia
has been reported to increase with age (8), and malnutrition is
reportedly more common in patients with swallowing disorders
than in those without swallowing disorders (9).

Thus far, patients admitted to acute care hospitals for disuse
syndrome have been reported to exhibit signs of malnutrition
(10). In addition, patients undergoing rehabilitation may also be
malnourished; > 50 % of these patients have serum albumin
levels (Alb) of < 3.5 mg/dL and have been reported to be in poor
nutritional condition (11). Therefore, the purpose of our study was
to examine whether malnutrition, as indicated by Alb levels, during
swallowing rehabilitation interventions, could predict improve-
ments in nutritional status after intervention.

MATERIALS AND METHODS

PARTICIPANTS

This retrospective study included 85 patients who were admit-
ted to our hospital between April 2011 and February 2012,
and who, at the discretion of the rehabilitation physician, were
instructed to consult a speech-language therapist for swallow-
ing rehabilitation therapy. Among the participants, 17 had severe
dementia and were unresponsive to instructions during swallow-
ing rehabilitation therapy, and six had a percutaneous endoscopic
gastrostomy (PEG) inserted while they were hospitalized. With an
indwelling PEG, a patient’s nutritional status can be improved
within a short period of time using means other than oral feeding;
therefore, those with PEGs were excluded from the study. Further,
in order to exclude the possibility of functional dysphagia due to
paralysis, patients hospitalized for cerebrovascular diseases were
excluded from the study. The remaining 62 patients (45 males,
17 females, mean age 76 = 15 years) were included in the final
analysis. Details regarding diagnoses were as follows: 30 patients
with aspiration pneumonia, 13 with cardiovascular diseases, 7
with gastrointestinal diseases, 2 with kidney diseases, 2 with
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plastic surgery-related diseases, 2 with orthopedic diseases, 2
with otorhinolaryngological diseases, and 4 with other diseases.

The participants consisted of patients diagnosed with aspiration
pneumonia as well as not diagnosed with pneumonia at the initia-
tion of speech therapy (referred to hereinafter as “at the initiation
of ST”). The participants were categorized into four groups based
on whether they were subjected to oral feeding at the time of the
completion of ST (referred to hereinafter as “at the completion of
ST”); these groups consisted of 1) patients who presented with
pneumonia and could be fed orally (the pneumonia/oral feeding
group), 2) patients who presented with pneumonia and for whom
oral feeding was not possible (the pneumonia/parenteral feeding
group), 3) patients without pneumonia who could be fed orally
(the non-pneumonia/oral feeding group), and 4) patients without
pneumonia but with oral feeding difficulty (the non-pneumonia/
parenteral feeding group) (Fig. 1).

The patients were explained the purpose of the study and pro-
vided their informed consent. This study has only used existing
anonymized data and information, and excluded both clinical and
epidemiological research guidelines from the scope of its appli-
cation. Therefore, approval from the ethics review committee was
not required.

SWALLOWING REHABILITATION

The initiation of swallowing rehabilitation with ST was defined as
the time when the physiatrist estimated that a patient “had a swal-
lowing disorder,” prescribed swallowing rehabilitation with ST, and
carried out swallowing rehabilitation. The oral feeding period was
defined as the period of time within the ST intervention period during
which oral feeding was feasible, stable, and on a continuous basis.

Patients with aspiration pneumonia were prescribed swallowing
rehabilitation programs that could be roughly divided into two
categories: direct training (12) and indirect training (12-17). The
programs predominantly consisted of indirect training, such as
training aimed at improving trunk function (13) and oral care (16),
but direct training with actual food was prescribed to patients who
were able to continue this training for > 3 days, had no frequent
choking or fever of > 37.5 °C, and whose continuation of oral
intake was promising.

MALNUTRITION EVALUATION

Malnutrition was evaluated in 62 patients by measuring their
Alb and total protein (TP) levels at the initiation and at the comple-
tion of ST as indices for the assessment of malnutrition.
EVALUATION OF SWALLOWING FUNCTION

To evaluate swallowing function a simplified version of The

Evaluation of Eating and Swallowing Disorders was used. Swal-
lowing ability was assessed using Fujishima’s Grade of Feeding

[Nutr Hosp 2020;37(4):723-729)]
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Patients who requested ST
n=2=85

Patients excluded from the study

n=17

Aspiration pneumonia
n=230

Non-aspiration pneumonia

n=38

Placement of a PEG
n==6

Non-pneumonia/Oral feeding group
n=26

Non-pneumonia/Parenteral feeding group
n=6

Pneumonia/Oral feeding group

n=18 n=12

Pneumonia/Parenteral feeding group

Figure 1.
Flowchart for the classification of participants into the four groups.

and Swallowing Ability (referred to hereinafter as the “Fujishima
grade”) (18) as evaluation criteria, and food intake status was
assessed using the Food Intake LEVEL Scale (referred to herein-
after as the “food intake level”) (19) as evaluation criteria. These
parameters were used for comparison between groups.

FEEDING

With regard to the frequency and content of the meals provided
to the pneumonia/oral feeding and non-pneumonia/oral feeding
groups, these patients were able to be fed orally with three of the
meals offered at our hospital, consisting of paste food, mousse
meal, transitional food, whole meal, or regular food. Further,
nutrition using nasogastric tubes, total parenteral nutrition, or
peripheral parenteral nutrition (20) was prescribed to patients in
the pneumonia/parenteral feeding and non-pneumonia/parenteral
feeding groups according to the attending physician’s assess-
ment. In addition, because the amount of nutrients administered
daily varied depending on each patient’s general condition, an
average of 1,200 kilocalories was administered (21) despite
marked individual differences.

STATISTICAL ANALYSIS

The analyses were performed using Excel Statcel (Add-in soft-
ware for Microsoft Excel, 2015). Significance levels of 1 % and
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5 % or less were used as rejection values. Comparisons between
the four groups in terms of Alb and TP levels at the initiation and
completion of ST were performed using the Steel-Dwass test.
Comparisons of Fujishima grades and food intake levels at the
initiation and completion of ST were carried out using Wilcoxon’s
signed rank-sum test.

RESULTS

The mean time from the onset of dysphagia to the interven-
tion was 15 + 19 days, and the mean intervention period was
18 + 17 days.

The details of the four groups were as follows: 1) the pneumo-
nia/oral feeding group included 18 patients, with a mean period
until the initiation of oral feeding of 7.1 + 9.4 days; 2) the pneu-
monia/parenteral feeding group comprised 12 patients; 3) the
non-pneumonia/oral feeding group included 26 patients, with a
period until the initiation of oral feeding of 5.3 + 6.6 days; and 4)
the non-pneumonia/parenteral feeding group comprised 6 indi-
viduals. The details of the non-pneumonia groups were as follows
(classified according to disease category): in the non-pneumonia/
oral feeding group, 10 patients had cardiovascular diseases, 7
had gastrointestinal diseases, 1 had orthopedic disease, 2 had
plastic surgery-related diseases, 2 had diseases of the ear, nose,
and throat, and 4 had other diseases. In the non-pneumonia/
parenteral feeding group, 3 had cardiovascular diseases, 2 had
kidney diseases, and 1 had orthopedic disease.
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The Alb levels in the pneumonia/oral feeding group (2.9 = 0.4
g/dL) were significantly lower than those in the pneumonia/par-
enteral feeding group (2.3 = 0.4 g/dL; p < 0.01). In addition, the
Alb levels in the non-pneumonia/oral feeding group (2.9 + 0.7
g/dL) were significantly lower than those in the non-pneumonia/
parenteral feeding group (2.0 + 0.6 g/dL; p < 0.05) (Fig. 2).

Further, Alb levels at the completion of ST were significantly
lower in the pneumonia/parenteral feeding group (2.2 = 0.4 g/
dL) than in the pneumonia/oral feeding group (3.0 = 0.5 g/dL)
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and the non-pneumonia/oral feeding group (2.5 + 1.2 g/dL;
p < 0.01) (Fig. 3). In addition, TP levels at the completion of ST
were significantly lower in the pneumonia/parenteral feeding group
(5.6 = 0.5 g/dL) (Fig. 4) than in the non-pneumonia/oral feeding
group (6.2 = 0.6 g/dL; p < 0.05) (Fig. 5).

The comparison of median Fujishima grades and food intake
levels between the initiation of ST and the completion of ST
(Tables I and Il) revealed significant differences. The pneumonia/
parenteral and non-pneumonia/parenteral feeding groups had

*k
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Figure 2.

Serum albumin levels at the initiation of the swallowing rehabilitation therapy in the four groups. The error bars in the graph indicate the

standard deviation.
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Figure 3.

Serum albumin levels at the completion of the swallowing rehabilitation therapy. The Steel-Dwass test was used for statistical analysis.

[Nutr Hosp 2020;37(4):723-729]



ASSESSMENT OF THE RISK OF MALNUTRITION DUE TO ASPIRATION PNEUMONIA AND ORAL FEEDING DIFFICULTY 727

8.0

g/dL

Pneumonia/Oral

feeding group feeding group

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

Pneumonia/Parenteral

Non-pneumonia/
Oral feeding group

Non-pneumonia/Parenteral
feeding group

Figure 4.

Total blood protein at the initiation of swallowing rehabilitation.
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Figure 5.

Total blood protein at the completion of swallowing rehabilitation.

significantly lower Fujishima grades, and the pneumonia/oral
and non-pneumonia/oral feeding groups had significantly higher
food intake levels at the completion of ST as compared with the
start of ST.

Significant differences were found in Fujishima grades between
the pneumonia/parenteral feeding group and the non-pneumonia/
parenteral feeding group. Further, significant differences in food
intake levels were found between the pneumonia/oral feeding
group and the non-pneumonia/oral feeding group, but there was
no significant difference for that of the non-pneumonia/parenter-
al feeding group. In addition, in the pneumonia/parenteral feed-
ing group and the non-pneumonia/parenteral feeding group, a
marked reduction in Fujishima grades was observed despite the
intervention with ST.

[Nutr Hosp 2020;37(4):723-729]

DISCUSSION

In this study, Alb levels at initiation of ST were significantly lower
in parenterally fed patients than in orally fed patients, regardless of
whether they had pneumonia or not. Meanwhile, Alb levels at the
completion of ST were significantly lower in the pneumonia/oral
feeding group than in the pneumonia/parenteral feeding group;
however, among the non-pneumonia groups, no significant dif-
ference in Alb levels was found between the oral feeding group
and the parenteral feeding group. These findings suggest that
the nutritional status of the parenterally fed patients who devel-
oped pneumonia may be inherently poorer than that of orally fed
patients. Therefore, in patients with dysphagia, correcting malnu-
trition at an early stage might be the key to whether a patient can
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Table I. Fujishima’s Grade of Feeding and Swallowing Ability

Pneumonia/oral Pneumonia/parenteral | Non-pneumonia/oral Non-pneumoni_a/
feeding group (n = 18) | feeding group (n =12) | feeding group (n = 26) parenteral feeding
group (n = 6)
Grade Start Finish Start Finish Start Finish Start Finish
1 4 3
2 1
3 2 7 1 3
4 1 1 1
5 1 2 1
6 1 1 1 1 1
7 6 14 6 9 6
8 8 3 1 12 12
9 2 1 7
10
Median 8 7 7 3 8 8 7 2
p < 0.05.
Table Il. Food Intake LEVEL Scale
Pneumonia/oral Pneumonia/parenteral | Non-pneumonia/oral Non-pneumoni.a/
feeding group feeding group feeding group parent;::LLeedmg
(n=18) (n=12) (n = 26) (n=6)
Level Start Finish Start Finish Start Finish Start Finish
1 5 3
2 1 1 2 1
3 17 10 6 17 3 3
4 1 1
5 1
6 6 1 2 5 1
7 9 2
8 3 13
9 1 6
10
Median 3 7 3 3 3 8 3 | 2
< 0.05.

be fed orally. In contrast, individual clinical departments within
the hospital may have provided other nutritional support through
means other than oral feeding during this study, namely through-
out the disease period. Therefore, at the time of hospital admis-
sion, and during the course of treatment, the amount of energy
provided may have varied according to the disease; thus, this is
an issue that may need to be further examined and controlled for
in future studies.

Further, although the results were not statistically significant,
both the Alb and TP levels in the oral feeding groups (pneumonia
and non-pneumonia) increased upon intervention completion as
compared to their respective levels during the intervention, where-
as in the parenteral feeding groups, the levels of both Alb and TP
increased only in the non-pneumonia/parenteral feeding group.
This may have been due to the fact that, in patients with pneu-
monia and oral feeding difficulty, protein consumption may have
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increased more than the administered amounts of macronutrients
because of respiratory exhaustion due to deteriorated ventilatory
function and stress due to pneumonia.

In addition, the Fujishima grade remained consistent in both
the pneumonia and non-pneumonia oral feeding groups. This may
have been due to the fact that early swallowing rehabilitation
intervention with ST helped to prevent swallowing function disuse,
and this has allowed for oral feeding to be maintained. Further,
in the pneumonia/parenteral feeding group, a detailed evaluation
of swallowing was performed at the initiation of ST and, for many
patients, oral feeding was determined to be feasible. However,
when oral feeding was started, decreased swallowing endur-
ance and silent aspiration resulted in the discontinuation of oral
feeding and a return to tube feeding. Accordingly, evaluating the
occurrence of silent aspiration by swallowing videofluorography
iS necessary.

In contrast, the decreased swallowing function in the non-pneu-
monia/oral feeding group may have been due to an aggravation of
the underlying disease (e.g., cardiovascular or kidney disease) that
had caused persistently impaired consciousness and decreased
endurance, and, in turn, had a great impact on oral feeding dif-
ficulty.

In both the pneumonia and non-pneumonia groups, the findings
in the oral feeding groups indicated that although the Fujishima
grade had been maintained, the food intake level had significantly
improved. This may have been due to the fact that maintaining
oral feeding had improved swallowing function and allowed for a
stepwise shift in food patterns. Conversely, the food intake levels
worsened in the pneumonia/parenteral feeding group as well as
in the non-pneumonia/parenteral feeding group. This may have
been due to an oral feeding difficulty caused by the deterioration
of swallowing function, after which it was impossible to carry out
direct training. However, verification and comparisons need to be
conducted in future studies to determine whether the setting of
food intake levels during ST intervention was adequate.

Direct and indirect training were prescribed for swallowing
rehabilitation therapy in the patient groups in which oral feeding
was feasible, but swallowing rehabilitation therapy alone was not
enough to make oral feeding possible. Therefore, for the sake
of the maintenance and improvement of oral feeding, swallow-
ing rehabilitation therapy accompanied by consultation with the
attending physician and the ward nursing staff during the oral
feeding period may facilitate early oral feeding. In patients who
were suitable for oral feeding from the time of admission, the
continuation of oral feeding may have contributed to maintaining
and improving swallowing function.

Based on the above, the findings of our study suggest that when
patients with aspiration pneumonia are malnourished at the initia-
tion of ST, the outcome may not allow oral feeding at completion of
ST. Thus, we suggest that in patients with aspiration pneumonia,
the assessment of malnutrition via Alb levels during the swallow-
ing rehabilitation intervention may be predictive of malnutrition
after the completion of the swallowing rehabilitation intervention.
Because of the high risk of malnutrition in elderly patients with

[Nutr Hosp 2020;37(4):723-729]

aspiration pneumonia and oral feeding difficulty, efforts toward
improving oral feeding should be carried out.
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Efecto antihipertensivo, antihiperglucemiante y antioxidante de los extractos
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Antihypertensive, antihyperglycemic, and antioxidant effects of Stevia rebaudiana Bertoni
(creole variety INIFAP CO1) extracts on Wistar rats with induced metabolic syndrome
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Resumen

Introduccion: las plantas medicinales han mostrado tener aplicaciones terapéuticas en el tratamiento de diferentes enfermedades, entre ellas
las enfermedades cronicas degenerativas presentes en el sindrome metabolico (SM).

Objetivos: evaluar el efecto en el control del peso, asi como el efecto antihipertensivo, antihiperglucémico y antioxidante, de extractos acuosos y
etandlicos de hojas y tallos de Stevia rebaudiana, variedad criolla INIFAP CO1, producidas en los municipios de Muna y Mococha (Yucatan, México).

Métodos: se administraron por via oral extractos acuosos y etandlicos de hojas (HAMU y HEMU, respectivamente) y tallos procedentes de Muna
(TAMU y TEMU, respectivamente), asi como extractos acuosos y etandlicos de hojas (HAMO y HEMO, respectivamente) y tallos de Mocoché (TAMO
y TEMO, respectivamente), a ratas Wistar macho en las que se indujo un SM. Se registraron los pesos y se midieron los niveles de presion arterial
(PA) y glucosa en sangre, asi como los niveles de malondialdehido (MDA) y superoxido-dismutasa (SOD) en plasma sanguineo.

Resultados: TAMU y HAMO mostraron porcentajes de reduccion del peso del 1,91 %y 1,57 %, respectivamente. HEMU y HAMU mostraron

Palabras clave:
alabras ciave porcentajes de reduccion de la presion arterial sistdlica (PAS) y diastolica (PAD) del 30,47-29,31 %y 36,98-36,69 %, respectivamente. En el test

Stevia rebaudiana. de tolerancia oral a la glucosa (TTOG), HEMU mostré porcentajes de reduccion de la glucosa sanguinea del 10,94 % en el dia uno y del 14,83 %
Antihiperglucemiante. en el dia 30. TEMO y TAMO mostraron una menor concentracion de MDA, de 7,0 y 7,3 uM, respectivamente, y HEMU y TEMU mostraron una
ﬁg‘g;}%ﬁgzgz%‘; mayor concentracién de SOD, de 1,29 y 1,12 U/mL, respectivamente.

Superoxido- ' Conclusiones: los extractos de S. rebaudiana pueden ayudar a controlar el aumento de peso, disminuir las cifras de presion arterial y la incidencia
dismutasa. de diabetes, y reducir el dafio oxidativo.
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Abstract

Introduction: medicinal plants have demonstrated therapeutic applications for treating different diseases, including chronic and degenerative
diseases associated with metabolic syndrome.

Objectives: to assess the weight control and the antihypertensive, antihyperglycemic and antioxidant effects of aqueous and ethanolic extracts
of Stevia rebaudiana (creole variety INIFAP CO1) leaves and stems cultivated in the Muna and Mocochd municipalities (Yucatan, México).
Methods: aqueous and ethanolic extracts of leaves (HAMU and HEMU, respectively) and stems (TAMU and TEMU, respectively) from Muna, and
aqueous and ethanolic extracts of leaves (HAMO and HEMO, respectively) and stems (TAMO and TEMO, respectively) from Mococha were orally
administered to Wistar male rats induced to metabolic syndrome. Weight, blood pressure, blood sugar levels, malondialdehyde (MDA) levels, and
superoxide dismutase (SOD) levels in blood plasma were measured.

Results: TAMU and HAMO samples reduced weight by 1.91 % and 1.57 %, respectively. On the other hand, HEMU and HAMU samples reduced

K ds:

eywores systolic (PAS) and diastolic (PAD) blood pressure levels by 29.31-30.47 % and 36.69-36.98 %. In the glucose tolerance test (GTT) HEMU showed
Stevia rebaudiana. areduction in blood sugar levels of 10.94 % on the first day, and of 14.83 % on day 30. TEMO and TAMO samples showed lower malondialdehyde
Antihyperglycemic. (MDA) concentrations of 7.0 and 7.3 uM, respectively. HEMU and TEMU showed a higher superoxide dismutase (SOD) concentration of 1.29
Q‘;‘Q%g;?;;;y“éz and 1.12 U/mL, respectively.
Superoxide ' Conclusions: extracts of S. rebaudiana can help to control weight gain, to decrease blood pressure and the incidence of diabetes, and to reduce
dismutase. oxidative damage.
INTRODUCCION insulina sobre los tejidos 0 en ambas cosas (10). La prevalencia

El SM es un conjunto de factores metabdlicos que incluyen
hipertension arterial (HTA), diabetes mellitus (DM), obesidad abdo-
minal (OA) y dislipemia, entre otros (1,2). La prevalencia del SM
aumenta con la edad y varia de acuerdo con factores tales como
el género, la edad y Ia etnia, presentandose entre el 15 % y el
40 % de la poblacion mundial (3,4). En México, la prevalencia del
SM en la poblacion es del 24 % a los 20 afios, del 30 % 0 mas
en las personas mayores de 50 afios y superior al 40 % en los
adultos mayores de 60 afios.

La existencia de un metabolismo disfuncional en el organismo
conduce a un desequilibrio de las citocinas que disminuye la
adiponectina y aumenta la liberacion de leptina, IL-6 y TNF-a,
contribuyendo de manera significativa a la presencia de estado
inflamatorio, dislipemia, HTA y DM, entre otros (5). Estas condi-
ciones se encuentran asociadas al desarrollo de obesidad, una
enfermedad considerada el principal factor de riesgo para el
desarrollo de padecimientos cronicos degenerativos. En México,
el sobrepeso y la obesidad han ido en aumento en las Ultimas
tres décadas, reportandose en 2016 una prevalencia del 72,5 %
en los adultos de 20 0 mas arios de edad (6). La prevalencia en
mujeres y hombres es del 82,8 % y 64,5 %, respectivamente,
siendo menor en las personas de 20 a 29 afios (53,3 %) que en
los adultos mayores de 40 afios (80 %) (3).

La HTA se presenta cuando se mantiene una presion arterial
(PA) sistdlica/diastolica superior a 120/80 mmHg, respectivamen-
te (7). En México, actualmente afecta aproximadamente al 25,5 %
de la poblacion adulta, con una mayor prevalencia en mujeres
que en hombres (70,5 % vs. 48,6 %), y disminuyd un 7,8 %
entre 2012 y 2016 (8). La HTA es una comorbilidad extremada-
mente frecuente en los diabéticos, afectando del 20 % al 60 %
de la poblacion con DM. La prevalencia de Ia hipertension en la
poblacion diabética es 1,5- 3 veces mayor que en las personas
sin diabetes (9).

La DM se caracteriza por hiperglucemia causada por defectos
en la secrecion de insulina por el pancreas, en la accion de la
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de la diabetes en México fue del 9,4 % en 2016, siendo mayor en
mujeres (10,3 %) que en hombres (8,4 %) y manteniéndose dicha
tendencia tanto en las localidades rurales (9,5 % en mujeres y
8,9 % en hombres) como en las urbanas (10,5 % en mujeres
y 8,2 % en hombres) (8).

Los medicamentos se producen en la actualidad por medio de
sintesis quimica y suelen presentar efectos adversos asociados a
sus indicaciones terapéuticas, como acidosis lactica, sabor meta-
lico, deficiencia de vitamina B, etc. (11,12). Debido estos efectos
secundarios no deseados, actualmente existe una demanda de
nuevos compuestos a base de plantas medicinales para el trata-
miento de las enfermedades relacionadas con el SM (13).

S. rebaudiana, descubierta por Bertoni en 1887, es una planta
originaria del sudeste de Paraguay, conocida como “hoja dulce”.
Es un arbusto perenne que alcanza una altura de entre 65y 80
cm. Sus hojas son lanceoladas, de 5 ¢cm de longitud por 2 cm de
ancho, aproximadamente; no contienen calorias y pueden utili-
zarse en su estado natural debido a su gran poder edulcorante.
Han sido utilizadas por la tribu indigena guarani desde tiempos
precolombinos para endulzar alimentos, consumiéndose las hojas
secas y molidas o cocidas en forma de té (14).

En la mayor parte del mundo S. rebaudiana se considera
una planta inocua y segura para el consumo humano; ademas,
ha demostrado tener aplicaciones clinicas interesantes por su
accion antioxidante, vasodilatadora, antidiabética y antitumoral,
entre otras (14,15). S. rebaudiana, variedad criolla INIFAP CO1,
se ha evaluado para conocer sus caracteristicas agronomicas, su
contenido de compuestos fendlicos y sus glucosidos mayoritarios
de esteviol; sin embargo, resulta necesario conocer los efectos
bioldgicos in vivo de sus extractos para considerar su potencial
aplicacion en el area de la salud. Es por ello que el objetivo del
presente estudio fue evaluar el efecto en el control de peso y
el efecto antihipertensivo, antihiperglucémico y antioxidante de
extractos acuosos y etandlicos de hojas y tallos de S. rebaudiana,
variedad criolla INIFAP CO1, producida en los municipios de Muna
y Mocoché (Yucatan, México).
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MATERIAL Y METODOS

OBTENCION DEL MATERIAL VEGETAL

Se obtuvieron muestras de S. rebaudiana, variedad criolla INI-
FAP CO1, en los municipios de Muna (MU) y Mococha (MO) del
estado de Yucatan, México. Las caracteristicas fenotipicas de esta
variedad criolla seleccionada son tallos gruesos y ramificados,
y hojas de forma eliptica, dispuestas de manera opuesta. Las
muestras se secaron durante tres dias, de tres a cuatro horas en
periodos de sol-sombra. Concluido el secado se separaron los
tallos y las hojas, y ambos materiales se molieron por separado
en un molino Cyclotec™ Foss Fisher Scientific 1093 hasta obtener
un tamafio de particula igual 0 menor a malla 20. Las muestras
molidas se almacenaron en bolsas de polietileno dentro de un
desecador a temperatura ambiente.

PREPARACION DE EXTRACTOS DE
S. REBAUDIANA BERTONI

Se obtuvieron extractos acuosos y etandlicos al 10 % de hojas
y tallos molidos de acuerdo con la metodologia propuesta por
Dutta y cols. (12). La extraccion se efectud en vasos de preci-
pitado de 250 mL, en un bafio Maria VWR® heating circulator
modelo 1130-2S a 40 °C, con agitacion continua durante 3 h.
Concluido el tiempo, los extractos se centrifugaron a 2700 x g por
30 mina 10 °C en una centrifuga Hermle zZ300k. Se recuperaron
los sobrenadantes, se repitio dos veces el procedimiento, y se
filtrd el producto al vacio. Al extracto etandlico se le elimind el
etanol, por medio de un rotaevaporador marca Buchi Zwitzfrland
heating bath B-491, y se le sustituy6 por agua; inmediatamente
después se congelaron todos los extractos y se introdujeron en
una liofilizadora Labconco freezone 4.5 (temperatura -40 °Cy
0,045 mbar) durante tres dias hasta eliminar totalmente el agua.
Posteriormente se almacenaron en un desecador a temperatu-
ra ambiente hasta su uso. Se obtuvieron ocho extractos: HAMO
(extracto acuoso de hojas de Mocochd), HEMO (extracto etandlico
de hojas de Mocochd), HAMU (extracto acuoso de hojas de Muna),
HEMU (extracto etanolico de hojas de Muna), TAMO (extracto
acuoso de tallos de Mocochd), TEMO (extracto etandlico de tallos
de Mocochd), TAMU (extracto acuoso de tallos de Muna) y TEMU
(extracto etandlico de hojas de Muna).

INDUCCION DE SM EN RATAS WISTAR

Se emplearon 40 ratas Wistar de dos meses de edad con un
peso de 200 a 250 g, que se mantuvieron en una habitacion
aislada a una temperatura de 22 °C con ciclos de 12 h de luz/
oscuridad. Se realizd un proceso de induccion de SM durante
ocho semanas, utilizando un modelo de modificacion nutrimental
en el que se ofrecio a las ratas agua con sacarosa al 20 % (p/v)
ad libitum y una dieta base de pellets (Laboratory Rodent Diet
5001). Al finalizar el periodo de induccion, las ratas presentaban

A. Carrera-Lanestosa et al.

tres parametros del SM: aumento de peso, aumento de los niveles
de PA 'y aumento de la glucosa en sangre.

El experimento realizado fue aprobado por el Comité para el
Cuidado y Uso de Animales de Laboratorio (CCUAL-FM-UAEM) y
se llevd a cabo de acuerdo con la Norma Oficial Mexicana (NOM-
062-200-1999) “Especificaciones Técnicas para el Cuidado y
Uso de Animales de Laboratorio”, asi como todas las regulaciones
federales e institucionales.

DISENO EXPERIMENTAL

Las ratas con SM se distribuyeron al azar en diez grupos de
cuatro ratas: ocho grupos se utilizaron para suministrar los trata-
mientos (ocho extractos), un grupo como control positivo con 50
mg de captopril/kg de peso (medicamento antihipertensivo que
pertenece al grupo terapéutico de los inhibidores de la enzima
convertidora de angiotensina (IECA)) y un grupo como control
negativo (agua purificada).

Los extractos se disolvieron en agua destilada y se suministraron
oralmente 25 mg de extracto liofilizado/kg de peso corporal a cada
rata, directamente al estomago mediante una canula de acero inoxi-
dable de 2 mm de didmetro para evitar pérdidas de las muestras.
Los tratamientos positivo y negativo se suministraron de la misma
forma. El experimento tuvo una duracion de cuatro semanas (16).

Se utilizd un disefio bifactorial teniendo como factores los tipos
de extractos (8) y el tiempo de tratamiento (4 semanas). Las varia-
bles de respuesta fueron la variacion del peso, la disminucion de
la presion arterial y los niveles de glucosa en sangre.

EFECTO DE S. REBAUDIANA
EN LA VARIACION DE PESO

Durante las cuatro semanas de tratamiento con los distintos
extractos liofilizados se registré semanalmente el peso corporal
de cada rata utilizando una balanza digital previamente calibrada.
Se tomaron los datos de peso para conocer el efecto de S. rebau-
diana sobre el control de este parametro (17).

EFECTO ANTIHIPERTENSIVO
DE S. REBAUDIANA

Se midio la PA en la base de la cola de las ratas utilizando
un esfigmomandmetro modelo Kent Scientific CODA Standar no
invasivo para presion, marca Cientifica Senna (18). El registro se
realizd semanalmente durante las cuatro semanas de tratamiento.

EFECTO ANTIHIPERGLUCEMIANTE
DE S. REBAUDIANA

Se determing el efecto agudo de los extractos de S. rebaudiana
por medio de curvas del test de tolerancia oral a la glucosa (TTOG)
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los dias 1y 30 del experimento. Las ratas se sometieron a un ayuno
de ocho horas y posteriormente recibieron 25 mg/kg del extracto
correspondiente y 1 g/kg de almidon como fuente de glucosa; al
grupo de control positivo se le administraon 0,5 mg/kg de acarbosa
y 1 g/kg de almidon. Se evalu la variacion de los niveles de glucosa
alos 15, 30, 45, 60 y 120 min por medio de un glucémetro digital
Accu-Chek Active, marca Roche, obteniéndose la sangre por medio
de la técnica de la puncion de cola (19).

EFECTO ANTIOXIDANTE DE S. REBAUDIANA

A las cuatro semanas de tratamiento las ratas se sacrificaron
con 50 mg/kg de pentobarbital sddico por via intraperitoneal,
extrayéndose la sangre por medio de la técnica de la puncion
cardiaca. Se colocaron las muestras en un tubo “vacutainer” con
EDTA como anticoagulante para obtener el plasma. Las muestras
se guardaron en un ultracongelador a -70 °C hasta su andlisis.
Al plasma obtenido se le realizaron las pruebas que se exponen
a continuacion.

Determinacion de peroxidacion lipidica

La concentracion de malondialdehido (MDA) se determind
utilizando el kit de ensayo OxiSelect™ TBARS Assay Kit MDA
Quantitation. Las muestras se hicieron reaccionar con acido tio-
barbiturico (TBA) a 95 °C y se leyeron en un espectrofotometro
Thermo Scientific Evolution 220 UV-VIS a 532 nm. El contenido
de MDA en los extractos se determind por comparacion con la
curva estandar de MDA predeterminada.

Determinacion de la actividad de superéxido-
dismutasa (SOD)

Para la medicion de las unidades de SOD se utilizo el kit de
ensayo Calbiochem® Superperoxide Dismutase Assay Kit II. Los
sueros se hicieron reaccionar con una sal de tetrazolio para la
deteccion de los radicales superdxido generados por la xanti-
na-oxidasa y la hipoxantina, y se leyeron utilizando un espectro-
fotdmetro Thermo Scientific Evolution 220 UV-VIS a 450 nm. Una
unidad de SOD se definidé como la cantidad de enzima necesaria
para exhibir el 50 % de dismutacion del radical superdxido.

ANALISIS ESTADISTICO

Los resultados se procesaron mediante la estadistica descrip-
tiva utilizando medidas de tendencia central (media) y dispersion
(desviacion estandar). Para cada una de las pruebas in vivo (efecto
en la variacion del peso, antihipertensivo y antihiperglucemiante)
se realizo un andlisis de la varianza de dos vias y se efectud una
comparacion de medias por el método de Duncan para establecer
las diferencias entre los tratamientos.

RESULTADOS

EFECTO DE S. REBAUDIANA
EN LA VARIACION DE PESO

En la tabla | se presentan los pesos y sus variaciones en 10s
grupos de ratas sometidas a los diferentes tratamientos. Se

Tabla I. Pesos (g) y porcentajes de variacion del peso de ratas con SM tratadas
con extractos liofilizados de S. rebaudiana (25 mg/kg) durante cuatro semanas

Tratamientos Ser(l;znas % A peso

TAMO 452,0 +£10,6™ 475,3 £ 11,0 515
TEMO 464,6 + 25,8° 471,3 + 19,2 1,44
HAMO 460 + 9,2° 452,7 +10,0%¢ -1,57
HEMO 467 + 13,1° 4727 + 6,4% 1,22
TAMU 456 + 7,2 4473 £ 5,7% -1,91
TEMU 456,6 + 11,0 466 + 10,1 2,05
HAMU 434,6 + 8,0 460,7 = 10,1% 6,0

HEMU 458 + 8,0 476,7 £11,5° 4,08
CAPT. 50 470,7 + 15,3 456 + 23,14 -3,12
CONTROL 427,3 + 7,6 432,6 + 4,5 1,24

#¢| etras diferentes en la misma columna indican diferencias estadisticas significativas (p < 0,05). HAMO: extracto acuoso de hojas de Mocochd, HEMO: extracto
etandlico de hojas de Mocochd; HAMU: extracto acuoso de hojas de Muna, HEMU: extracto etandlico de hojas de Muna; TAMO: extracto acuoso de tallos de Mocochd;
TEMO: extracto etandlico de tallos de Mocochd; TAMU: extracto acuoso de tallos de Muna,; TEMU: extracto etandlico de hojas de Muna; CAPT. 50: captopril 50 mg.
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observd que el grupo de ratas que recibieron los extractos TAMU y
HAMO presentaban una reduccion de peso del 1,91 %y 1,57 %,
respectivamente, desde el inicio del experimento hasta la semana
cuatro. Se encontraron diferencias significativas (p < 0,05) entre
los tratamientos, siendo el grupo tratado con captopril (control
positivo) el que presentd el mayor porcentaje de reduccion del
peso (3,12 %) al final del tiempo evaluado.

EFECTO ANTIHIPERTENSIVO
DE S. REBAUDIANA

Los porcentajes normalizados del efecto antihipertensivo sobre
la PAS de las ratas por consumo de extractos de S. rebaudiana

A. Carrera-Lanestosa et al.

se presentan en la figura 1. Se puede observar que en la pri-
mera semana de suministro de los tratamientos, TEMO, TAMU
(Fig. 1B) y HEMU mostraron una reduccion del 25,50 %, 22,78 %
y 17,70 %, respectivamente. No obstante, al finalizar el periodo de
cuatro semanas de tratamiento, los extractos HEMU y HAMU fue-
ron los que proporcionaron los mayores efectos antihipertensivos,
del 30,47 %y 29,31 %, respectivamente (Fig. 1A).

Los porcentajes normalizados del efecto antihipertensivo sobre
la PAD de las ratas, indicados en la figura 2, sefialaron que el
extracto TEMO, en la primera semana de suministro del tratamien-
to, fue el que proporciond el mayor efecto antihipertensivo, con
una reduccion de la PAD del 23,48 %. Sin embargo, los extractos
HEMU, HAMU (Fig. 2A) y TAMU (Fig. 2B) fueron los tratamientos
que mostraron mayores efectos antihipertensivos al finalizar el
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Porcentajes normalizados de PAS en ratas con SM tratadas con extractos de S. rebaudiana (25 mg/kg) durante cuatro semanas: A. Extracto de

hojas. B. Extracto de tallos. Prueba de Duncan (p < 0,05).
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Porcentajes normalizados de PAD en ratas con SM tratadas con extractos de S. rebaudiana (25 mg/kg) durante cuatro semanas: A. Extracto de

hojas; B. Extracto de tallos. Prueba de Duncan (p < 0,05).

tiempo de tratamiento, con un 36,98 %, 36,69 % y 34,56 % de
reduccion, respectivamente.

EFECTO ANTIHIPERGLUCEMIANTE
DE S. REBAUDIANA

En la figura 3 se presentan los porcentajes normalizados del
TTOG realizado el primer dia de tratamiento, observandose que
los extractos HAMO (Fig. 3A) y TEMU (Fig. 3B) mostraron un efecto
antihiperglucemiante destacable a los 45y 60 minutos, con una

[Nutr Hosp 2020;37(4):730-741]

reduccion del 8,2 %y 7,17 %, respectivamente. Sin embargo,
el extracto HEMU fue el que mostré un mayor efecto, con una
reduccion total del 10,94 % a los 120 minutos.

Los resultados del TTOG realizado después de 30 dias de trata-
miento (Fig. 4), indicaron que del minuto 30 al 45 de la prueba, los
extractos TEMU y HAMU obtuvieron una reduccion de los niveles
de glucosa del 10,73 %y 9,97 %, respectivamente. Sin embargo,
los extractos que presentaron un mayor efecto antihipergluce-
miante fueron el HEMU, con una disminucion del 14,83 %, y
el HAMO, con reduccion del 14,40 % a los 45 y 120 minutos,
respectivamente (Fig. 4A).
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Test de tolerancia oral a la glucosa (TTOG) en ratas con SM. Los valores representan la media + EEM (n = 4) del porcentaje de variacion de la
glucosa después de la administracion de 1 g/kg de almidén, 0,5 mg/kg de acarbosa y 25 mg/kg de cada extracto liofilizado, evaluado durante
120 min. Dia 1: A. Extracto de hojas; B. Extracto de tallos. Prueba de Duncan (p < 0,05).

EFECTO ANTIOXIDANTE DE S. REBAUDIANA
Determinacion de la peroxidacioén lipidica

Se observo que los valores de malondialdehido (MDA) del plas-
ma sanguineo de las ratas del grupo de control negativo (ratas a
las que se administrd por via oral agua purificada) fueron mayores,
encontrandose diferencias estadisticas significativas (p < 0,05)
con los distintos extractos de S. rebaudiana. Los tratamientos
que mostraron un menor contenido de MDA fueron TEMO, TAMO
y HEMO, con 7,0, 7,3 y 7,9 UM, respectivamente, mientras que

los tratamientos con una mayor concentracion de MDA fueron los
extractos HAMU (17,0 pM) y HAMO (16,5 uM) (Fig. 5).

Determinacion de la actividad de superoéxido-
dismutasa (SOD)

En la figura 6 se observa que los tratamientos con mayor con-
tenido de la enzima SOD fueron los extractos TAMO, TEMO, TEMU
y HEMU. Estos resultados indicaron una tendencia a un mayor
contenido de la enzima en los extractos de los tallos obtenidos
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Test de tolerancia oral a la glucosa (TTOG) en ratas con SM. Los valores representan la media = EEM (n = 4) del porcentaje de variacion de la
glucosa después de la administracion de 1 g/kg de almidon, 0,5 mg/kg de acarbosa y 25 mg/kg de cada extracto. Dia 30: A. Extracto de hojas;

B. Extracto de tallos. Prueba de Duncan (p < 0,05).

por extraccion etandlica, y un menor contenido en los extractos
de hojas obtenidos por extraccion acuosa (HAMO, HEMO, HAMU
y TAMU). El grupo de control negativo al que se suministro agua
purificada fue el que presentd el menor contenido de la enzima.

DISCUSION

EFECTO DE S. REBAUDIANA
EN LA VARIACION DEL PESO

La reduccion de peso de las ratas sometidas a los tratamientos
fue menor a la reportada por Dutta y cols. (12), que administraron
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durante 21 dias extractos acuosos de S. rebaudiana a ratas diabé-
ticas inducidas con estreptozotocina, obteniendo reducciones del
peso del 5,58, 12,16 y 13,20 % con dosis de 2, 5y 10 mg/kg,
respectivamente. Sin embargo, otros estudios han reportado incre-
mentos del peso del 18,75 % en ratones diabéticos inducidos con
aloxano al suministrar un extracto metanélico de S. rebaudiana (16).

La diferencia entre los resultados encontrados en el presente
estudio y los obtenidos por Dutta y cols. (12) y Singh y cols. (16)
probablemente se debid a que el proceso de induccion del SM
(aumento de peso, HTA y DM) fue por modificacion nutricional y
no por induccion farmacoldgica. Otro factor a considerar y que
pudo afectar a la pérdida de peso de las ratas que consumieron
los diferentes tratamientos fue que, durante las cuatro semanas
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del experimento, ademas del suministro de 25 mg/kg de extracto
liofilizado se continud con el consumo de agua con sacarosa (20 %)
para tener un modelo y datos que se asemejaran a los de la realidad
de la poblacion, ya que es comin que las personas, ademas de
tomar sus medicamentos para controlar trastornos metabalicos,
contintien con una dieta generalmente alta en calorias.

Se observa en la tabla | que, a pesar del consumo continuo de
$acarosa, las ratas no mostraron un aumento marcado del peso y
que incluso, con algunos de los extractos, se obtuvo una disminu-

cion del peso, lo que representaria un efecto benéfico por el consu-
mo de S. rebaudiana para las personas con sobrepeso u obesidad.

EFECTO ANTIHIPERTENSIVO
DE S. REBAUDIANA

Los metabolitos secundarios, como los flavonoides presentes
en los extractos de S. rebaudiana, pudieron contribuir al efec-
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to antihipertensivo encontrado, ya que se ha reportado que son
capaces de captar y neutralizar radicales libres y que, ademas,
son potentes antioxidantes e inhibidores de las enzimas depen-
dientes de zinc (20).

Los extractos se obtuvieron de una variedad criolla en cuyas
hojas se ha documentado un alto contenido en fitoquimicos, espe-
cificamente una elevada concentracion de flavonoides (querceti-
na, apigenina y luteolina) y estevidsido; sin embargo, los tallos no
presentaron altas concentraciones de dichos compuestos (21). A
estos metabolitos secundarios se les confiere diversas aplicacio-
nes terapéuticas, como la reduccion de la HTA (21), por lo que
el mayor efecto antihipertensivo que mostraron los extractos de
hojas con respecto a los tallos pudo deberse a la mayor concen-
tracion de metabolitos secundarios.

Melis (22), en un estudio realizado con ratas Wistar sanas a las
que administro 2 mL de extracto acuoso de S. rebaudiana (66,7 g
de hojas secas/100 mL de solucion) dos veces al dia duran-
te 40 dias, encontrd una reduccion de la presion arterial media
(PAM) del 18,63 %. Dicho valor fue inferior al obtenido en nuestro
estudio ya que, a diferencia del trabajo realizado por dicho autor,
en este trabajo se utilizaron ratas con SM inducido por modifica-
cion nutrimental, obteniéndose niveles de PA alterados.

Por otro lado, Jeppesen y cols. (23) administraron 0,025 g/kg
de esteviosido puro (99,6 %) por via oral a ratas diabéticas de
tipo 2 (Goto-Kakizaki) durante seis semanas, encontrando que el
estevidsido obtuvo una reduccion de los niveles de PAS y PAD
del 6,90 % y 7,5 %, respectivamente, muy por debajo de los
niveles de reduccion de la PA encontrados en este trabajo, en el
cual se administraron a cada rata 25 mg/kg de peso corporal de
extractos de S. rebaudiana diariamente. Debido a que S. rebau-
diana contiene diversos metabolitos ademas de 1os glucosidos, la
reduccion de la HTA encontrada por el suministro de los extractos
pudo deberse no solo a una molécula en particular sino al ciimulo
de metabolitos presentes, que pudieron actuar en conjuntoy con
diversos mecanismos de accion para conseguir un efecto antihi-
pertensivo mas eficaz.

Existen diversos mecanismos de accion por los que una
molécula puede actuar para producir efectos antihipertensi-
vos. Melis (22) reporto que el extracto de S. rebaudiana induce
la diuresis y la natriuresis con un aumento de la tasa de fil-
tracion glomerular, encontrando que estos efectos probable-
mente estan relacionados con cambios en la actividad de las
prostaglandinas. Lee y cols. (24) reportaron que el estevidsido
causa vasorrelajacion por medio de la inhibicion del flujo de
calcio dentro de la célula (calcioantagonista), y Chan y cols. (25)
indicaron que el tratamiento cronico de ratas con S. rebaudia-
na durante 40 y 60 dias aumenta de manera significativa la
excrecion de sodio y agua.

EFECTO ANTIHIPERGLUCEMIANTE
DE S. REBAUDIANA

El contenido de flavonoides y glucosidos de esteviol presentes
en los extractos de S. rebaudiana (21) pudo contribuir al efecto
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antihiperglucemiante obtenido, encontrandose un mayor efecto
con los extractos etandlicos de hojas.

A pesar del efecto antihiperglucemiante obtenido en este tra-
bajo, los resultados fueron menores que los reportados por otros
autores. Chang y cols. (26) administraron a ratas Wistar diabéticas
(inducidas con estreptozotocina) y resistentes a la insulina (RI)
(inducidas con fructosa al 60 %) dosis orales de 0,5y 5 mg de
estevidsido/kg de peso durante cuatro semanas,0 encontrando
una disminucion de la glucosa en sangre del 22,6 % al minuto
90 en las ratas con Rl alimentadas con fructosa y 5 mg de este-
vidsido. El mayor efecto antihiperglucemiante encontrado por los
autores pudo deberse a que trabajaron con 5 mg de esteviosido
puro en comparacion con este estudio, en el cual se trabajd con
extractos bioldgicos (19). Los mayores efectos se obtuvieron con
los extractos HEMU y HAMO, que aportaron 2,5y 2,0 mg de
estevidsido por cada 25 mg de extracto suministrado, respec-
tivamente.

Se ha reportado que el esteviosido tiene propiedades antihi-
perglucémicas, estimulando la primera fase de la secrecion de
insulina y suprimiendo los niveles de glucagén, e induciendo de
igual manera los genes de las células B implicados en la gluco-
lisis (23). En otro estudio realizado por Shivanna y cols. (19) con
ratas Wistar sanas y alimentadas con una dieta estandar y hojas
en polvo de S. rebaudiana (4 %), fibra y polifenoles extraidos
de la planta (apigenina-7-0-glucdsido, luteolina-7-O-rutindsido,
quercetina-3- 0-oxilosido y &cido cafeico) durante 30 dias, encon-
traron que el consumo de hojas de S. rebaudiana y polifenoles
disminuy® los niveles de glucosa en las ratas en un 36 %y 64 %,
respectivamente.

Los resultados encontrados por Shivanna y cols. (19) fueron
mayores que los reportados por Chang y cols. (26), quienes
administraron esteviosido puro; esto podria deberse a la accion
antidiabética de uno o mas metabolitos secundarios presentes
en las hojas de S. rebaudianay a los polifenoles extraidos. La
diferencia entre los trabajos anteriores y el presente estudio pudo
deberse a que la diabetes de las ratas no fue inducida con un
farmaco que ocasiona valores elevados de glucosa en sangre Sino
mediante modificaciones nutricionales e induccion paulatina de la
resistencia a la insulina y la DM2, apegandose mas a la realidad
de esta enfermedad, una problematica clinica que afecta al 95 %
de la poblacion.

EFECTO ANTIOXIDANTE DE S. REBAUDIANA
Determinacion de la peroxidacion lipidica

Los resultados obtenidos en este estudio con los distintos tra-
tamientos fueron mayores a los reportados por Singh y cols. (16),
que administraron extracto metandlico de hojas de S. rebaudiana
a ratones con diabetes inducida con aloxano, encontrando con-
centraciones de MDA en los tejidos hepaticos, pancreaticos y
renales de 0,1, 0,2 y 0,15 uM, respectivamente; también a los
reportados por AbdElwahab y cols. (27), quienes administraron
extractos etanolicos de S. rebaudiana a ratas albinas durante
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seis semanas, obteniendo concentraciones de MDA en el tejido
hepatico de 0,19, 0,19y 0,23 uM en los grupos control, el grupo
sano con S. rebaudianay el grupo diabético con S. rebaudiana,
respectivamente.

La diferencia entre estos resultados pudo deberse a que en
ambos trabajos se administraron dosis orales de S. rebaudiana
(200 y 300 mg/kg) mayores que las empleadas en este estudio,
en el cual se administraron 25 mg de extracto/kg de peso. Lo
anterior puede indicar que a una mayor dosis de administracion
de S. rebaudiana de manera cronica se produce un mayor efecto
protector contra la oxidacion lipidica. Otro factor importante que
podria estar ocasionando un mayor contenido de MDA en los
distintos grupos de ratas utilizadas en el presente estudio fue que,
durante las cuatro semanas de administracion de los tratamien-
tos de S. rebaudiana, los animales continuaron ingiriendo agua
azucarada ad libitum, lo que ocasiond aumento y desequilibrio
de la glucosa sanguinea, originando una mayor cantidad de ROS.

Determinaciéon de la actividad de superéxido
dismutasa (SOD)

Shivanna y cols. (19) alimentaron ratas Wistar sanas durante
30 dias con una dieta de control estandar suplementada con
alguin producto de S. rebaudiana. Dichos suplementos fueron:
hojas en polvo (4 %), fibra y polifenoles (apigenina-7-0-gluco-
sido, luteolina-7-O-rutindsido, quercetina-3-0-oxilosido y acido
cafeico) extraidos previamente de S. rebaudiana, encontrandose
contenidos de SOD en el higado de 2,69, 1,21y 2,72 U/mL,
respectivamente, similar a lo reportado en el presente estudio
para HEMU.

Karthik y cols. (28) encontraron concentraciones de SOD de
2,31 U/mg en el suero sanguineo de grupos de ratas albinas tra-
tadas con extracto acuoso de hojas de S. rebaudiana (100 mg/kg)
durante 10 dias. Estos resultados indicaron que cuanto mayor es
la dosis de S. rebaudiana, antes se puede alcanzar un mayor con-
tenido de esta enzima. Se observd en estudios publicados de Shi-
vannay cols. (19) y Karthik y cols. (28) que los grupos de control
mostraban concentraciones de SOD similares a las de 10s grupos
experimentales; sin embargo, en el presente trabajo, los grupos
experimentales mostraron mayor contenido de SOD que el grupo
de control. Es bien sabido que, al existir una mayor cantidad de
enzima antioxidante en el organismo, existe una mayor proteccion
contra la oxidacion y el envejecimiento prematuro, lograndose que
las ratas de este estudio, a pesar de continuar su ingestion de
agua con sacarosa al 20 % ad libitum durante las cuatro semanas
de tratamiento, presentaran un mayor contenido de la enzima en
comparacion con las ratas del grupo de control.

El mayor contenido de esta enzima en los extractos etanolicos
pudo deberse a que el etanol extrajo mayor contenido de meta-
bolitos secundarios que el agua, ya que los flavonoides, como
las flavonas y los flavonoles, se extraen mejor con disolventes de
menor polaridad. La presencia de estos metabolitos es importante
por sus propiedades medicinales, ya que al ser excelentes capta-
dores de radicales libres pueden coadyuvar a lograr el equilibrio
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metabolico en el organismo y evitar la disminucion de la enzima
antioxidante natural. Diversos estudios les han atribuido la mejo-
ria de enfermedades tales como ulceras, diabetes, inflamacion,
cancer, efc. (29,30).

CONCLUSION

Los extractos etanolicos de hojas de S. rebaudiana mostraron
un efecto antihipertensivo y antihiperglucemiante, o que puede
respaldar su uso tradicional para el control de enfermedades
cronicas no trasmisibles. Las ratas alimentadas con los distintos
extractos mostraron un nivel bajo de MDAy un aumento del con-
tenido de SOD en comparacion con las ratas que solo tomaron
agua purificada, mostrando defensa y proteccion frente al dafio
oxidativo. A pesar de los resultados obtenidos, es importante rea-
lizar estudios complementarios para determinar el mecanismo de
accion de los efectos de las hojas de S. rebaudiana Bertoni, l0s
constituyentes y las dosis efectivas, con el fin de dilucidar el efecto
reductor de la PA'y los niveles de glucosa, asi como los posibles
efectos secundarios. S. rebaudiana podria ayudar a disminuir las
cifras de presion arterial y la incidencia de la diabetes, asi como
a reducir el dafo oxidativo, representando una alternativa natural
ante el presente conjunto de medicamentos quimicos necesarios
para combatir el sindrome metabalico.
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Efecto de una dieta de patron mediterraneo en la respuesta metabdlica secundaria
a la pérdida de peso; papel del polimorfismo de un unico nucleotido (rs16147)

del gen del neuropéptido Y
Effect of a Mediterranean-pattern diet on the metabolic response secondary to weight loss;
role of the single nucleotide polymorphism (rs16147) of neuropeptide Y
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y Daniel Antonio de Luis
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Resumen

Introduccion y objetivos: los estudios de intervencion que evaltan el efecto del rs16147 sobre la respuesta metabdlica y el cambio de peso
después de una intervencion dietética son escasos. En este trabajo evaluamos el papel de la variante genética rs16147 en los efectos metabolicos
que produce una dieta hipocaldrica de patrén mediterraneo y alto contenido en omega-9.

Material y métodos: se reclutd una muestra de 363 sujetos obesos. En la visita basal, los pacientes se asignaron aleatoriamente, durante 12
semanas, a recibir una de dos dietas: dieta M, de patron mediterraneo, o dieta C, hipocalérica estandar. En todos ellos se determinaron, en el
momento basal y a las 12 semanas, una serie de variables bioquimicas y antropométricas, realizandose el genotipado de la variante rs16147.

Resultados: en todos los sujetos y con ambas dietas mejoraron los parametros de adiposidad, tension arterial y leptina circulante. En los sujetos
obesos con el alelo menor (A), los niveles de insulina (GG vs. GA + AA) (-0,9 = 1,1 UI/L vs. -4,4 + 1,0 UI/L; p = 0,01) y HOMA-IR (-0,3 = 0,1
unidades vs. -1,2 = 0,3 unidades; p = 0,02) disminuyeron significativamente con la dieta M. Los sujetos portadores del alelo menor tras la
dieta C mostraron una disminucion significativa de los niveles de insulina basal (GG vs. GA + AA) (0,7 = 0,3 UI/L vs. -2,2 + 0,9 Ul/L: p = 0,02)

Palabras clave: y HOMA-IR (-0,3 + 0,2 unidades vs. -0,7 + 0,1 unidades: p = 0,01). Esta disminucion de los niveles de insulina circulante y HOMA-IR en los

16147, Gen NPY. pacientes con alelo A fue significativamente superior con la dieta M que con la dieta S.

SNP. Adibocitoquinés, Conclusiones: el alelo A de la variante rs16147 se relaciona con una mejor respuesta metabolica, en términos de resistencia a la insulina e

Dieta mediterranea. insulina basal secundaria a la pérdida de peso, a dos dietas hipocaléricas, siendo superior el efecto obtenido con una dieta de patrén mediterraneo.
Abstract

Background and aims: intervention studies that evaluate the effect of rs16147 on metabolic response and weight change after dietary
intervention are scarce. We propose to evaluate the role of the rs16147 genetic variant in the metabolic effects produced by a hypocaloric
Mediterranean-pattern diet with high content of omega-9.

Material and methods: a sample of 363 obese subjects was recruited. At the baseline visit the patients were randomly assigned to one of
two hypocaloric diets for 12 weeks (diet M, Mediterranean pattern; diet C, standard hypocaloric). All patients, at baseline and at 12 weeks, had
biochemical and anthropometric variables measured, and genotyping performed for the rs16147 variant.

Results: in all subjects, and with both diets, the parameters of adiposity, blood pressure, and circulating leptin improved. In obese subjects with
allele (A) insulin levels (GG vs. GA + AA) (-0.9 = 1.1 IU/L vs. -4.4 + 1.0 IU/L; p = 0.01) and HOMA-IR (-0.3 + 0.1 units vs. -1.2 + 0.3 units;
p = 0.02) decreased significantly with diet M. Subjects carrying the minor allele showed a significant decrease in basal insulin levels (GG vs. GA

Keywords: +AA) (0.7 £ 0.3 1U/L vs. -2.2 = 0.9 IU/L: p = 0.02) and HOMA-IR (-0.3 + 0.2 units vs. -0.7 + 0.1 units: p = 0.01) after diet C. This decrease
(516147 NPY gene in circulating insulin and HOMA-IR levels in patients with allele A was significantly higher with diet M than with diet C.
SNPs. Adipgkines, ' Conclusions: the A allele of the rs16147 variant produces a better metabolic response in terms of insulin resistance and basal insulin secondary

Mediterranean diet. to weight loss with two different hypocaloric diets in obese subjects, with improvement being higher with the Mediterranean diet.
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INTRODUCCION

MATERIAL Y METODOS

La obesidad se ha convertido en un problema de salud impor-
tante a nivel mundial con importantes comorbilidades asociadas,
como diabetes mellitus de tipo 2, hipertension, hiperlipemia y
eventos cardiovasculares. Los tratamientos de pérdida de peso
dirigidos a reducir la ingesta de energia y los medicamentos han
mostrado tener una eficacia relativa, en parte debido no solo a los
condicionantes sociales y culturales que modulan la ingesta, sino
también por los sistemas de control central que regulan el meta-
bolismo y la homeostasis energética. Algunos estudios previos
han mostrado un papel fundamental del neuropéptido Y (NPY) en
el control de la ingesta y en la obesidad (1,2). En el niicleo arquea-
do del hipotalamo existen dos poblaciones neuronales principales,
una de ellos aumenta el apetito, expresando el neuropéptido Y
(NPY)y la proteina relacionada agouti, y el otro presenta neuronas
anorexigénicas que producen pro-opiomelanocortina (POMC) (3).

En este sistema hipotaldmico se han descrito polimorfismos
de un solo nucledtido (SNP) en el propio gen NPY, siendo el mas
frecuente el rs16147 (G-399A) (4). Esta variante genética esta
situada en la region promotora del gen NPY, produciéndose una
sustitucion de G por A (G como alelo mayor y A como alelo menor).
Se ha demostrado que este SNP esta relacionado con los niveles
séricos de NPY (5), siendo el responsable casi de la mitad de la
variacion observable en la expresion de este péptido (6). Incluso
en algunos trabajos descriptivos se ha relacionado esta variante
genética con diversos trastornos metabdlicos (7,8).

Como hemaos referido previamente, la intervencion dietética es
la principal herramienta terapéutica de la obesidad con el fin de
generar una pérdida de peso saludable, sobre todo siguiendo el
patron de la dieta mediterranea (9). Los estudios de intervencion
que evaltian el efecto del rs16147 sobre la respuesta metabdlica
y el cambio del peso después de una intervencion dietética son
escasos. En el ensayo POUNDS LOST (10), la variante rs16147
del gen NPY modulaba el cambio en la adiposidad abdominal en
respuesta a cuatro intervenciones hipocaloricas diferentes. En
otro ensayo de intervencion (11) se demostrd que esta variante
genética modifica la respuesta bioquimica que produce la ingesta
de cascara de Plantago ovata durante 8 semanas. En otro trabajo
posterior de intervencion a corto plazo (12 semanas) con una
dieta hipocaldrica estandar (12) se observo que el SNP rs16147
habia afectado a la variacion de la circunferencia de la cintura,
la resistencia a la insulina y los niveles de interleucina 6 tras la
pérdida de peso. En otro estudio de 3 meses, dos dietas hipoca-
léricas con diferentes distribuciones de macronutrientes (bajas en
carbohidratos frente a bajas en grasas) produjeron una pérdida de
peso similar, con una reduccion significativa de la resistencia a la
insulina entre los sujetos con el alelo menor (13). Estos resultados
fueron replicados en un ensayo de 9 meses con una restriccion
caldrica superior a la de los estudios anteriores (1000 calorias
al dia) (14).

Teniendo en cuenta los antecedentes previos, nos proponemos
evaluar el papel de la variante genética rs16147 en los efectos
metabolicos que produce una dieta hipocaldrica, en este caso de
patrén mediterraneo y alto contenido en omega-9.

[Nutr Hosp 2020;37(4):742-749]

En este estudio de investigacion se han reclutado 363 pacien-
tes obesos de raza caucasica mediante un método consecutivo
no probabilistico de muestreo entre los sujetos enviados por los
médicos de Atencion Primaria a las consultas de la especializada
de nuestra Area de Salud. Todo el trabajo se llevé a cabo de
acuerdo con las directrices establecidas en la Declaracion de
Helsinki. Por otra parte, el comité local de ética aprob6 todos los
procedimientos y todos los sujetos firmaron un consentimiento
informado.

A continuacion se exponen los criterios de exclusion que se
aplicaron en el estudio: realizacion de una dieta durante los 6
meses anteriores al estudio, presencia de enfermedades cardio-
vasculares o cerebrovasculares inestables, motivacion insuficiente
para seguir un tratamiento dietético y consumo habitual de cual-
quiera de los siguientes medicamentos: metformina, inhibidores
de la dipeptidil-peptidasa de tipo IV, tiazolidinedionas, analogos
de GLP-1, inhibidores de sGLT2, insulina, glucocorticoides, blo-
queadores de los receptores de angiotensina, inhibidores de la
enzima convertidora de angiotensina, medicamentos psicoactivos,
estatinas y otros medicamentos lipidicos. Los criterios de inclusion
fueron los siguientes: presencia de obesidad determinada por un
indice de masa corporal > 30 kg/m? y una edad comprendida
entre 18 y 70 afos.

Se recogieron muestras de sangre venosa en tubos tratados
con EDTA tras un periodo de ayuno de 10 horas. La glucosa
basal, proteina C-reactiva (PCR), insulina, resistencia a la insu-
lina (HOMA-IR), colesterol total, colesterol LDL, colesterol HDL,
triglicéridos y adipocitoquinas séricas (leptina, adiponectina y
resistina) se midieron al inicio del estudio y se repitieron des-
pués de 12 semanas. Los parametros antropométricos (peso,
talla, circunferencia de la cintura y masa grasa por bioimpedan-
cia monofrecuencia) y la presion arterial también se midieron en
ambos puntos de corte. Se evaluo el genotipo del polimorfismo
del gen NPY (rs16147).

INTERVENCION DIETETICA

Los sujetos fueron asignados aleatoriamente a una de las dos
dietas durante un periodo de 12 semanas (dieta M, hipocalori-
ca con patron mediterraneo; dieta C, hipocaldrica de control).
Ambas dietas se disefiaron para proporcionar una restriccion
caldrica aproximada de 500 cal/dia sobre el gasto total de ener-
gia estimado individualmente, una de ellas con un patron de dieta
mediterrdnea (consumo de aceite de oliva de 60 ml al dia, dos
raciones de pescado azul a la semana, consumo de carnes no
rojas, 3-5 raciones de fruta y verdura fresca diarias, 2 raciones de
leguminosas a la semana) frente a una dieta de control (Tabla ). El
programa de ejercicios consistia en realizar ejercicio aerdbico al
menos 3 veces por semana (60 minutos cada vez). Los registros
de la ingesta dietética diaria durante tres dias, incluido un dia
de fin de semana, se evaluaron con un programa informatico
(Calculadora de dietas®, www.ienva.org), utilizando como refe-
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Tabla I. Composicidon de ambas dietas

Dieta M Dieta C

(n=177) (n = 186)
Energia (cal/dia) 1498 1475
Carbohidratos (g/dia) 1771 181,1
Carbohidratos (%VCT) 46,6 47,5
Grasas (g/dia) 56,8 56,8
Grasas (%VCT) 34,4 34,1
Grasas monoinsaturadas, % 67,5 55,5
Grasas polinsaturadas, % 10,8 22,7
(Grasas saturadas % 21,7 21,8
Proteinas (g/dia) 70,7 74,3
Proteinas (%VCT) 19,2 19,9

VCT: valor caldrico total.

rencia las tablas nacionales de composicion de alimentos (15).
Un investigador verifico el cumplimiento de ambas dietas cada 7
dias con una llamada telefonica.

PARAMETROS DE ADIPOSIDAD CORPORAL Y
TENSION ARTERIAL

El peso corporal y a circunferencia de la cintura se midieron por
la mafiana, antes del desayuno, al inicio y a las 12 semanas de
seguimiento. El indice de masa corporal se calculd con la formula:
peso corporal en kilogramos/altura? en metros. La circunferencia
de la cintura se midi6 en el diametro mas estrecho, entre el apén-
dice xifoideo y la cresta iliaca. La impedancia eléctrica monofre-
cuencia (50 KHz) se utilizd para medir la composicion corporal con
una precision de 50 g (16) y en condiciones de ayuno de 10 horas,
con abstencion de toma de alcohol y actividad fisica durante esas
horas previas. La presion arterial se midio tres veces, después
de un descanso de 10 minutos, con un esfingomanémetro de
mercurio y se promediaron los valores (Omrom, LA, CA).

DETERMINACIONES DE LABORATORIO

La insulina se determind mediante radioinmunoandlisis (RIA
Diagnostic Corporation, Los Angeles, CA, EUA) con una sensibili-
dad de 0,5 mUI/L (rango normal, 0,5-30 mUI/L) (17); los niveles
de glucosa en plasma se midieron usando un método automati-
zado de glucosa-oxidasa (Glucose Analyser 2, Beckman Instru-
ments, Fullerton, CA, EUA) y se calculd la resistencia a la insulina
(HOMA-IR) usando estos valores (17) con la férmula: insulinax-
glucosa / 22,5. Las concentraciones séricas de colesterol total y
triglicéridos se determinaron mediante un ensayo colorimétrico
enzimatico (Technicon Instruments, Ltd., New York, NY, EE. UU.).
El colesterol HDL se determind enzimaticamente en el sobre-
nadante después de la precipitacion de otras lipoproteinas con

D. Primo et al.

dextrano sulfato-magnesio. El colesterol LDL se calculd utilizando
la formula de Friedewald (colesterol LDL = colesterol total - HDL
colesterol — triglicéridos / 5) (19).

Con respecto a las determinaciones de adipocitoquinas séricas,
estas se realizaron mediante enzimoinmunoensayo (ELISA). Para
la determinacion de la leptina se utilizo el kit comercial Diag-
nostic Systems Laboratories, Inc., Texas, EUA, con un CV % del
3,5 % (20). Para determinar la resistina se utilizd el kit comercial
Biovendor Laboratory, Inc., Brno, Republica Checa) con un CV %
del 3,2 % (21); por Ultimo, para la adiponectina se uso el R&D
Systems, Inc., Mineapolis, EUA (DRP300), con un CV % del 3,8 %
(22). La PCR se determind por inmunoturbimetria (Roche Diag-
nostics GmbH, Mannheim, Alemania), con un CV % del 2,8 %.

GENOTIPADO DEL POLIMORFISMO
DEL GEN NPY

El ADN genomico se extrajo de sangre centrifugada mediante
un kit comercial (Biorad, LA, CA, EUA). Los cebadores se disefiaron
con el programa Sequenom Assay Design v.4 (SEQUENOM, Inc.
San Diego, CA, EUA). El genotipado del polimorfismo rs16147se
realizd mediante el analisis en tiempo real de la reaccion en cade-
na de la polimerasa. Esta reaccion en cadena de la polimerasa
(PCR) se llevo a cabo con 20-25 ng de ADN genomico, 0,1-0,15
ul de cada uno de los oligonucledtidos de fondo para rs16147
(orimer forward. 5'-ACGTTGGATGCACAAAGAGGATTCAGGTGC -3'
and reverse 5'-ACGTTGGATGAGCCCAGACGATTCTTGTC -3’ en
un volumen final de 2 pl (Termociclador Lifetecnologies, LA, CA,
EUA). El equilibrio de Hardy Weinberg se calculé con una prueba
estadistica (chi cuadrado). La variante del gen NPY estaba en
equilibrio de Hardy Weinberg (p = 0,48).

ANALISIS ESTADISTICO

La comparacion de las variables categdricas se evalué mediante
la prueba del chi cuadrado. Las variables numéricas con distribu-
cién normal se analizaron con una prueba t de Student de dos
colas. Las variables no paramétricas se analizaron con la prueba de
Wilcoxon. El andlisis estadistico para evaluar la interaccion entre el
geny la dieta se realizd mediante un ANCOVA. El andlisis estadistico
se realizd para el AG y AA combinado como grupo y el genotipo GG
como segundo grupo, con un modelo dominante. El tamario de la
muestra se calculd para detectar diferencias de mas de 2 Ul/L en la
modificacion de los niveles de insulina con una potencia del 90 %
y una significacion del 5 % (n = 175 en cada grupo de dieta). Un
valor p < 0,05 se considero significativo. La version 15.0 del SPSS
(IL, EUA) se ha utilizado para realizar el andlisis estadistico.

RESULTADOS

Un total de trescientos sesenta y tres obesos fueron incluidos
en el estudio. La edad media de la muestra fue de 48,2 = 8,9
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afos y el IMC medio fue de 36,3 + 4,1 kg/m2, con un total de 102
varones (25,3 %) y 261 mujeres (74,7 %). Todos los pacientes
obesos reclutados completaron las 12 semanas de intervencion
nutricional en ambas ramas (dieta M vs. dieta C). Un total de 85
pacientes (23,4 %) presentaban el genotipo GG (grupo con alelo
mayor) y 278 (76,6 %) presentaban el genotipo GA (192 pacien-
tes, 52,8 %) 0 AA (86 pacientes, 24,8 %) (grupo alelo menor).
La distribucion por sexos fue similar en ambos grupos, varones
(25,8 % vs. 24,9 %) y mujeres (74,2 % vs. 75,1 %). La edad
también fue similar en ambos genotipos (alelo mayor: 48,8 + 3,1
afos vs. alelo menor: 47,5 + 8,9 years: ns).

Entre los 177 sujetos que recibieron la dieta M, 46 (26,0 %)
tenian el genotipo GG (genotipo salvaje), 96 (54,2 %) el GA'y
35 (19,8 %) el AA (genotipo mutante: GA + AA). La evalua-
cion de la ingesta basal detecto los siguientes valores: calorias
1998,1 = 216,1 cal/dia, carbohidratos 198,9 = 12,3 g/dia
(43,4 % de las calorias), grasas 62,0 = 9,3 g/dia (33,4 %) y
proteinas 77,1 + 18,0 g/dia (23,2 %). Durante la intervencion
dietética, los sujetos alcanzaron las recomendaciones de la dieta
M (Tabla 1), con una actividad fisica similar en los dos genoti-
pos (72,7 = 19,3 min/semana vs. 80,3 = 19,2 min/semana:
p = 0,66). En los 186 sujetos tratados con la dieta C, 39 (21,0 %)

tenian el genotipo GG (genotipo salvaje), 96 (51,6 %) el genotipo
GA'y 51 (27,4 %) el genotipo AA como genotipo mutante (GA +
AA). La encuesta nutricional basal mostré una ingesta caldrica de
1916,1 = 312,1 cal/dia, de carbohidratos de 202,9 + 23,9 g/dia
(43,9 % de las calorias), de grasas de 80,1 + 18,3 g/dia (36,0 %)
y de proteinas de 82,1 + 27,9 g/dia (20,1 %). Durante la interven-
cion, estos sujetos alcanzaron las recomendaciones de la dieta C
(Tabla ) con un ejercicio similar en ambos genotipos (79,1 = 18,3
min/semana vs. 80,1 = 12,3 min/semana: p = 0,56).

En la tabla Il podemos observar las modificaciones de los para-
metros antropomeétricos y la tension arterial tras 12 semanas de
tratamiento con ambas dietas. No existieron diferencias estadis-
ticamente significativas entre los valores de estos parametros en
ambos genotipos (GG vs. GA + AA). La mejoria de todos estos
parametros fue similar en ambos genotipos en los pacientes que
recibieron la dieta M; IMC (GG vs. GA + genotipos AA) (-1,6 = 0,7
kg/m? vs. -1,5 = 0,8 kg/m?. p = 0,24), peso (-5,0 = 1,1 kg vs.
-5,3 £ 1,2 kg: p = 0,31), masa grasa por impedanciometria
(-3,1+1,1kg vs.-3,41 + 1,1 kg: p = 0,36), circunferencia de la
cintura (-5,0 +£2,0cm vs. -4,8 + 1,3 kg: p = 0,31) y presion arte-
rial sistolica (-13,2+2,5 mmHg vs. -12,5+2,1 mmHg: p = 0,32).
Después de la dieta S, la disminucion del IMC (GG vs. GA +

Tabla Il. Modificaciones de los parametros antropométricos y la presiéon arterial tras
ambas dietas (media + DE)

rs16147
Dieta M (n = 177) Dieta C (n = 186) p
AT GG (n = 46) GA +AA (n=131) | Tiempo GG (n =39) GA + AA (n=147) | Tiempo
Genotipo 12 12 Genotipo
Basal 12 Basal 12 \Genotipo x| pasal Basal Genotipo x
semanas semanas | tiomno semanas semanas | tiomno
p=0,01 p=0,02
IMC 364+45 [348+36"| 365+50 [349+43| P=023 | 364+50 [347+41|364+41|350+30"| p=0,31
P=0,02 p=0,03
p=0,02 p=0,01
Peso (kg) 95,4+40 {904+41*196,3«10,11(91,0+911*| P=0,31 956+32 |905+31"| 95,8+31 [935+21"| p=0,41
P=0,03 p=0,02
Masa grasa p=0,02 p=0,01
ko g 37411 [343+19%| 388+11 135309 P=025 | 3756+20 |344+19"|388+21[356+19"| p=0,31
g P=0,04 D= 0,02
p=0,01 p=0,02
CC (cm) 113,1+8,1 (1081 +2,3*| 113,2+6,1 |108,4 50" P=040 |[113,7+9,0(1081+51*|1133+8,0(109,6 +4,4*| p=0,21
P=0,03 p=003
p=0,01 p=0,02
TAS (mmHg) 137,3+3,1 (1241 +£4,0*|141,3 +121|127,8 £8,0*| P=0,23 [137,3+6,0|1242+41*[1382+7,1(1238+7,0"| p=0,40
P=0,02 p=0,03
p=043 p=054
TAD (mmHg) 82,3+50 | 821+42 | 819+6,1 | 79,6 +5,1 P=0,68 838+31|786+41| 848+30] 81,3+52 p=0,74
P=0,61 p=0,59

IMC: indice de masa corporal; TAD: tension arterial diastdlica; TAS: tension arterial sistdlica; CC: circunferencia de la cintura, *Diferencias estadisticamente
significativas. SIN diferencias estadisticamente significativas entre genotipos ni en los valores basales, ni tras las dietas.
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Tabla Ill. Modificacidon de las variables bioquimicas tras ambas dietas (media = DE)
rs16147
Dieta M (n=177) Dieta C (n = 186) p
Parametros GG (n = 46) GA+AA(n=131) | Tiempo GG (n = 39) GA+AA(n=147) | Tiempo
9 1 Genotipo 12 " Genotipo
Basal ! Basal Genotipo x|  Basal Basal Genotipo x
semanas semanas | tiempo semanas semanas | tiomno
p=013 p=020
Glucosa (mg/dl)| 99,1 +82 | 984+7,1 | 1003+81 | 995+7,1 p=0,19 995+50 |990+30 | 1026+72 | 99,1+612 | p=0,41
p=0,25 p=0,31
Colesterol total p=015 p=012
2106 +9,1 |1202,1 +8,2*| 2084 +6,1 [ 1998+72| p=037 | 2085+80 [2022+6,1| 2029+79 {1958 +10,1| p=0,24
(mg/d)
p=036 p=019
LDL-colesterol p=014 p=013
130,0+9,1 | 1246 £9,01| 1288+6,1 [ 1239+52 | p=034 | 126191 [1246+7,1| 1261 +81 | 121,4+91 p=0,26
(mg/di)
p=024 p=0,15
] p=022 p=029
OSSO0 | 64550 | 609448 | 539440 | 515241 | p-05T | 54140 |639:20| 601291 | 499:71 | p=048
(mg/di)
=032 p=031
. p=051 p=0,60
Triglicéridos
130,3 +18,1|131,1 +16,2(1222 +18,2{120,1 +10,1| p=0,72 |132,1+10,1|130,1 £8,2| 1331 +10,1| 1274+ 71 p=0,80
(mg/di)
p=042 p=031
p=041 p=0,52
PCR (ng/dl) 8,7+32 91+23 6,1+32 54+29 p=057 9,0+3,1 88+23 | 7130 6,2+ 3,1 p=0,63
p=014 p=044
p=0,01 p=0,01
Insulina (mul/) | 11,724 | 106+21 | 164+08 | 120+£20* | p=0,31 12721 112009 143+09 | 12113 p=0,21
p=0,02 p=0,02
p=0,02 p=0,02
HOMA-IR 3,0+05 2,706 42+06 | 30«05 p=0,29 25+10 [ 22+09 | 35+01 28+0.2° p=0,23
p=0,03 p=0,03

PCR: proteina C-reactiva; HOMA-IR: homeostasis model assessment, *Diferencias estadisticamente significativas en cada grupo. SIN diferencias estadisticamente

significativas entre genotipos ni en los valores basales, ni tras las dietas.

genotipos AA) (-1,7 = 1,0 kg/m? vs. -1,4 = 0,9 kg/m? p = 0,39),
elpeso (-5,1 +1,3kg vs.-5,3 + 1,2 kg: p = 0,41), lamasa grasa
(-3,1«2,1kg vs.-3,2+1,1 kg: p=0,51), la circunferencia de la
cintura (-5,5+1,9cm vs.-4,5 = 2,0 cm: p = 0,41) y la presion
arterial sistolica (-13,1 £ 2,9 mmHg vs. -14,0 = 2,1 mmHg:
p = 0,40) fue también similar en ambos genotipos.

La tabla Il muestra las modificaciones bioquimicas tras la inter-
vencion dietética durante 12 semanas. No existieron diferencias
significativas en los parametros bioquimicos entre ambos geno-
tipos. Con la dieta de tipo My en ambos genotipos disminuyeron
los niveles de colesterol total y LDL-colesterol, pero sin alcanzar
diferencias significativas. En los sujetos obesos con el alelo menor
(A), los niveles de insulina (GG vs. GA + AA) (-0,9 + 1,1 UI/L vs.
-4,4 +1,0UI/L; p = 0,01) y HOMA-IR (-0,3 + 0,1 unidades vs.
-1,2 + 0,3 unidades; p = 0,02) disminuyeron significativamente
con la dieta M. Con la dieta de tipo S y en ambos genotipos

también disminuyeron los niveles de colesterol y LDL-colesterol,
pero sin alcanzar valores significativos. Los sujetos portadores del
alelo menor mostraron una disminucion significativa de los niveles
de insulina basal (GG vs. GA + AA) (0,7 = 0,3 UI/L vs.-2,2 + 0,9
UI/L: p = 0,02) y HOMA-IR (-0,3 + 0,2 unidades vs. -0,7 + 0,1
unidades: p = 0,01). Después de ambas dietas, estos parametros
permanecieron sin cambios en 10s sujetos con el genotipo GG.
La disminucion de los niveles de insulina circulante (dieta M:
-4,4 +1,0Ul/L vs. dieta S: -2,2 = 0,9 UI/L; p = 0,02) y HOMA-IR
(dieta M: -1,2 + 0,3 unidades vs. dieta S: -0,7 = 0,1 unidades;
p = 0,01) en los pacientes con alelo A fue superior con la dieta
M que con la dieta S.

La tabla IV muestra los niveles de adipocitoquinas en el suero.
Con la dieta de tipo M y en ambos genotipos, 10s niveles de leptina
(-36,1 = 6,1 ng/ml vs. -26,3 + 4,2 ng/ml: p = 0,25) disminu-
yeron. Con la dieta Sy en los pacientes con ambos genotipos,
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Tabla IV. Modificaciones de los niveles de adipoquinas séricas
tras ambas dietas (media + DE)

rs16147
Dieta M (n = 177) p Dieta C (n = 186) p
Eaaa e GG (n = 46) GA +AA(n=131) | Tiempo GG (n = 39) GA + AA (n = 147) | Tiempo
9 1 Genotipo 12 12 Genotipo
Basal 1 Basal Genotipo x| Basal Basal Genotipo x
semanas semanas |  tiemng semanas semanas | tiempo
p=0,51 p=0,51
Resistina (ng/dl) | 6,8+1,1 | 65+19 | 67+10| 62+13 p=0,72 68+11 1] 64+08 | 63+10 | 61+08 p=0,62
p=0,23 p=014
Adiponectina p=013 p=011
n ?dl) 84+41 | 88+32 |10,7+40] 11,9+33 p=0,34 95+30 | 81+£32 [11,0+21| 142+3/1 p=0,36
0 0=0,17 D=0.22
D=002 p=0,01
Leptina (ng/dl) (75,8 +12,3| 41,3 +7,5" [522+8,0|260+6,1"| p=025 658+81 [403+51*|71,1+6,1[539+60"| p=022
=003 p=0,02

*p< 0,05 en cada grupo de genotipo. SIN diferencias estadisticamente significativas entre genotipos ni en los valores basales, ni tras las dietas.

los niveles de leptina (-25,5 + 4,1 ng/ml vs. -27,0 = 8,1 ng/ml;
p = 0,23) también disminuyeron significativamente. Los niveles
de resistina y adiponectina no mostraron diferencias estadisticas
tras la pérdida de peso con ambas dietas.

DISCUSION

En el presente estudio de intervencion nutricional observamos
como la presencia del alelo A rs16147 del gen NPY mejora el
descenso de la insulina basal y la resistencia a la insulina tras la
pérdida de peso con una dieta hipocaldrica con patron medite-
rraneo y también con una dieta hipocaldrica de control. Por otra
parte, aunque la disminucion de peso fue similar con ambas
dietas y en ambos genotipos, la mejoria observada en los por-
tadores del alelo A en la resistencia a la insulina y en los niveles
de insulina fue superior con la dieta de patron mediterraneo que
con la dieta C.

El gen NPY se encuentra localizado en el cromosoma 7p15.1
(23-24). Este SNP rs16147 se ha demostrado que altera la expre-
sion del péptido NPY debido a la pérdida de un factor transcripcio-
nal (Sp1) por sustitucion de G por A (25) o por la propia interaccion
del alelo G/A con otras regiones de ADN reguladoras, diferentes
de Sp1 (26). Teniendo en cuenta las relaciones con laingesta y el
metabolismo del gen NPY, los potenciales efectos de un polimor-
fismo en este gen sobre los efectos de una modificacion dietética
son importantes. Por ejemplo, algunos autores han evaluado el
efecto de introducir un determinado alimento en la dieta de los
pacientes (11); de este modo, la suplementacion de la dieta con
14 g al dia de cascara de Plantago ovata durante 8 semanas y
la restriccion de las grasas produjeron una mayor disminucion
del estado inflamatorio en los pacientes portadores del alelo A,
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determinado por los niveles de PCR. Las células inmunes poseen
el receptor Y1 sobre el que actua el NPY y, por ende, pueden
modular esta respuesta inflamatoria. Este efecto beneficioso del
alelo A ante el estado inflamatorio que presentan los pacientes
obesos se ha descrito también en pacientes con higado graso,
demostrandose en un estudio transversal (27) que este alelo
menor se asocia a un indice mas bajo de inflamacion hepatica,
con un menor porcentaje de esteatohepatitis e inflamacion lobular
en la biopsia hepatica de los pacientes con la enfermedad del
higado graso no alcohdlico.

En trabajos de intervencion dietética con una dieta hipocaldri-
ca equilibrada (12) se ha demostrado que esta variante genética
del gen NPY modula la reduccion de los niveles de HOMA-IR,
insulina, PCR e IL-6 tras perder peso. En este trabajo, el por-
centaje de calorfas proveniente de las grasas fue del 25 %, con
18 gramos de grasas monoinsaturadas. En otro estudio de 3
meses de intervencion nutricional (13), dos dietas hipocaldricas
con diferente distribucion de macronutrientes (dieta baja en
carbohidratos (36 % de grasas con 28 g de grasas monoin-
saturadas) frente a dieta baja en grasas (27 % en grasas con
12 g de grasas monoinstauradas)) produjeron una pérdida de
peso similar, con una reduccion significativa de la resistencia
a lainsulina en los sujetos con el alelo A (13). Estos resultados
fueron replicados por un ensayo de 9 meses con una restriccion
caldrica que alcanzo las 1000 calorias al dia (14). Una de las
dietas presentaba un aporte del 39 % de las calorias en forma
de grasas (27 g de grasas monoinsaturadas) y otra un 32 %
(23 g de grasas saturadas).

En el presente estudio detectamos también una asociacion de
la variante rs16147 SNP con las modificaciones de los niveles de
insulina y HOMA-IR después de ambas intervenciones dietéticas.
Los portadores del alelo A tuvieron una mejor respuesta que los
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no portadores, con la misma pérdida de peso con ambas dietas.
Pero el efecto dentro de los sujetos obesos portadores del alelo
A fue superior con la dieta M, que presentaba un 34,4 % de
sus calorias en forma de grasa, con un total de 38 g de grasas
monoinsaturadas, casi el doble que en la dieta de control. Es
necesario tener en cuenta que en algunos trabajos transversales
previos ya se habia descrito (28) una asociacion de la variante
rs16147 con diferentes factores de riesgo cardiovascular como,
por ejemplo, un mayor riesgo de presentar sindrome metabdlico,
obesidad central e hiperglucemia en los sujetos obesos sin alelo
A de una poblacion caucasica (29,30). Quizas el alelo A produce
una alteracion de la sintesis, liberacion y accion de la insulina en
diferentes tejidos, y esta relacion se ve modulada por la pérdida
de peso y la ingesta de ciertos nutrientes, como pueden ser los
acidos grasos monoinsaturados.

En nuestro trabajo no hemos encontrado ninguna relacion
de este polimorfismo con las variables de adiposidad, ni en el
momento previo a la intervencion dietética, ni tras la interven-
cion dietética. En un trabajo realizado en nifios (30), los alelos
menores de esta variante genética se asociaron a un mayor
riesgo de obesidad. En una cohorte pediatrica (31) también se
demostré una relacion longitudinal entre rs16147 e IMC duran-
te la infancia. Sin embargo, los resultados de los estudios de
adultos son contradictorios y no concluyentes (32,33). Tal vez
existen circuitos desconocidos mediante los cuales el NPY puede
influir en el tejido adiposo blanco a través de las terminacio-
nes nerviosas situadas en este tejido (34), interactuando con
las adipocitoquinas. Por ejemplo, la leptina forma un circuito de
retroalimentacion con el NPY e informa al cerebro de los niveles
de grasa corporal (35), y se ha demostrado que la ingesta de
grasas en la dieta puede regular la expresion del gen NPY, lo
que respalda las interacciones entre la via del NPY, los habitos
dietéticos y la adiposidad.

A pesar de los interesantes hallazgos de nuestro trabajo, este
presenta algunas limitaciones. En primer lugar, no hemos podido
determinar los niveles circulantes de NPY, lo cual nos hubiera
permitido una explicacion fisiopatologica mas profunda de nues-
tros hallazgos. En segundo lugar, analizamos solo un SNP, por lo
que otras variantes genéticas de baja frecuencia en este gen u
otros genes proximos también podrian estar asociadas con los
hallazgos encontrados y la fisiologia del tejido adiposo. En tercer
lugar, nuestros resultados pueden extrapolarse a una poblacion
caucasica adulta con obesidad; quizas otras etnias, los sujetos
obesos con comorbilidad o los pacientes obesos en edad infantil
tendrian otras asociaciones con esta variante genética. Finalmen-
te, la valoracion de la cumplimentacion de la dieta se ha realizado
con métodos indirectos como son las encuestas dietéticas, y por
ello podemos infra o sobreestimar los efectos de la dieta y de la
cantidad de grasas consumida.

En conclusion, el alelo A de la variante rs16147 produce una
mejor respuesta metabdlica en términos de resistencia a la insuli-
na e insulina basal secundaria a la pérdida de peso con dos dietas
hipocaldricas diferentes en pacientes obesos. Este efecto del alelo
Afue superior en los sujetos que siguieron una dieta mediterranea
rica en grasas monoinsaturadas.

D. Primo et al.
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Resumen

Antecedentes: la cirugia bariatrica es una alternativa terapéutica eficaz en la obesidad morbida para conseguir pérdidas de peso importantes
Palabras clave: y mantenidas en el tiempo, la resolucion de comorbilidades y una disminucion del riesgo cardiovascular.

- Material y métodos: estudio retrospectivo que incluyd a todos los pacientes intervenidos consecutivamente mediante bypass gastrico laparos-
Bypass gastrico. . ~ . P " . )
REGICOR. Riesgo cdpico en nugstrq centrq durante 10 afios, en los que se estudiaron la pérdida ponderal, la comorbilidad y los factores de riesgo cardiovascular
cardiovascular. previos a la cirugia y al final del seguimiento.

Comorbilidad. Pérdida Resultados: se incluyeron 303 pacientes, 221 mujeres y 82 hombres, con una edad media de 42,3 + 10,0 afios y un IMC de 48,2 + 6,0 kg/m?.

ponderal. Se siguio al 96,7 % durante 5,7 + 2,6 afos de media. La resolucion de comorbilidades al final del seguimiento fue: 53,4 % para la hipertension
arterial, 70,2 % para la diabetes mellitus de tipo 2, 83,9 % para la dislipemia y 71,4 % para el sindrome de apnea-hipopnea del suefio. El riesgo
cardiovascular estimado por el algoritmo REGICOR antes y al final del seguimiento fue de 3,2 + 2,6 y 2,2 + 1,7, respectivamente, disminuyendo
un 32.2 %, al igual que todos los parametros incluidos en su calculo salvo los niveles de HDL-colesterol, que no experimentaron variaciones
significativas. El indice de masa corporal y el porcentaje de sobrepeso perdido a los 2 afios y al final del seguimiento fueron de 30,7 + 5,2 kg/
m? vs. 33.0 + 6.1 kg/m?y 66.4 + 17.1 % vs. 57.9 = 19.5 %, respectivamente.

Conclusiones: el bypass gastrico es un método eficaz para resolver la comorbilidad y disminuir el riesgo cardiovascular, pero es muy importante
el seguimiento del mayor nimero de pacientes posible y la comunicacion de los resultados a largo plazo para determinar la efectividad real de
estos procedimientos.

Abstract

Background: bariatric surgery is an effective therapeutic alternative for morbid obesity as it achieves significant weight loss, maintained over
time, as well as the resolution of comorbidities and a decreased cardiovascular risk.

Material and methods: a retrospective study that included all patients consecutively undergoing laparoscopic gastric bypass in our center for
10 years, in which weight loss, comorbidities, and cardiovascular risk factors were studied prior to surgery and at the end of follow-up.

Results: 303 patients, 221 women and 82 men, with a mean age of 42.3 + 10.0 years and BMI of 48.2 = 6.0 kg/m? were included. Of these,
96.7 % were followed for 5.7 + 2.6 years on average. The resolution of comorbidities at the end of follow-up included: 53.4 % for high blood
pressure, 70.2 % for diabetes mellitus type 2, 83.9 % for dyslipemia, and 71.4 % for apnea-hypopnea sleep syndrome. The cardiovascular
Keywords: risk estimated by the REGICOR algorithm before and at the end of follow-up was 3.2 + 2.6 and 2.2 + 1.7, respectively, with a decrease by
32.2 %, like all the parameters included in its calculation except for HDL-cholesterol levels, which did not experience significant variations. The
Gastric bypass. body mass index and percentage of overweight lost at 2 years and at the end of the follow-up was 30.7 + 5.2 kg/m? vs. 33.0 + 6.1 kg/m? and

REGICOR. 66.4 + 17.1 % vs. 57.9 = 19.5 %, respectively.
Cardiovascular risk.

Comorbidities. Weight Conclusion: gastric bypass is an effective method for the resolution of comorbidities and reduction of cardiovascular risk, but it is very important
oss. to monitor as many patients as possible, and to report on the long-term results, to determine the real effectiveness of these procedures.
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RESULTADOS A 5 ANOS

INTRODUCCION

MATERIAL Y METODOS

La obesidad ha aumentado de forma alarmante en los dltimos
30 afos, hasta el punto de ser considerada por la OMS como
la epidemia del siglo XXI, con mas de 1900 millones de adultos
mayores de 18 afos con sobrepeso y 650 millones con obesidad
en el 2016. En EE. UU. representa la segunda causa de mortali-
dad, es responsable del 14 % de todas las muertes y provoca un
coste sanitario de 238 mil millones de ddlares (1).

Basterra y cols. han observado un aumento de la obesidad mor-
bida en Espafia de mas del 200 %, pasando entre 1993 y 2006
de 1,8 a 6,1/1000 habitantes, siendo la prevalencia mayor entre
las mujeres. Tras ajustar la edad, en ambos sexos se mantiene
un crecimiento significativo de la misma, con un aumento relativo
anual del 4 % en hombres y del 12 % en mujeres (2).

El aumento de la mortalidad de la poblacion obesa con respecto
a la poblacion con normopeso se produce principalmente como
consecuencia del desarrollo de enfermedades cardiovasculares y
sindrome metabdlico, asi como por la asociacion de determinados
tipos de cancer (colon, recto, mama y Utero).

Entre los posibles mecanismos responsables se han sefialado
los siguientes: el efecto mecanico del cumulo de grasa visceral,
la resistencia periférica a la insulina, el sindrome metabdlico con
diabetes mellitus de tipo 2 y dislipemia, el estrés oxidativo, el
estado proinflamatorio y la disfuncion endotelial (3).

La cirugia bariatrica es una alternativa terapéutica eficaz en la
obesidad morbida refractaria al tratamiento médico, consiguiendo
pérdidas de peso importantes que se mantienen en el tiempo,
algo muy dificil de lograr con un tratamiento conservador basado
en la dieta y el ejercicio (4).

El bypass gastrico es una técnica quirtrgica considerada mixta,
al combinar un mecanismo restrictivo con otro malabsortivo. En
esencia, consiste en la confeccion de un reservorio gastrico de
30-35 cc de capacidad, aislado del estdmago, que se anastomosa
con un asa yeyunal; a una distancia de entre 100 y 150 cm de
esta se realiza una segunda anastomosis yeyuno-yeyunal donde
se mezclan el contenido gastrico y el biliopancreatico.

Es, junto con la gastrectomia vertical, el procedimiento qui-
rirgico mas utilizado y representa el 46,6 % del total de inter-
venciones de cirugia bariatrica realizadas entre 2013y 2017
en el mundo.

Se considera de eleccion por su aceptable morbimortali-
dad, buenos resultados a largo plazo y excelente calidad de
vida. Ademas, resulta mas adecuada que otras técnicas en los
pacientes con reflujo gastroesofagico, por un efecto antirreflujo
del que carecen las técnicas restrictivas, y en los pacientes con
DM2 y sindrome metabolico, por la respuesta hormonal secun-
daria al bypass gastrointestinal e independiente de la pérdida
de peso (5).

El objetivo del estudio es determinar la presencia de factores
de riesgo cardiovascular (FRCV) en los pacientes intervenidos
mediante bypass gastrico antes de la cirugia, y la resolucion de
los mismos al final del seguimiento, asi como calcular el riesgo
de eventos cardiovasculares que tienen los pacientes antes y
después de la cirugia, y la evolucion de la pérdida ponderal.

[Nutr Hosp 2020;37(4):750-756]

Este fue un estudio retrospectivo observacional que incluyd
a todos los pacientes intervenidos consecutivamente de bypass
gastrico simplificado enY de Roux laparoscdpico segun la técnica
de Lonroth y Ramos, dejando un tamafio de asa comun alimen-
taria de 150 cm, desde enero de 2005 a diciembre de 2014
(n = 303) en el Hospital Central de la Cruz Roja de San José y
Santa Adela de Madrid.

Atodos los pacientes se les realizd una valoracion preoperatoria
protocolizada que incluyo: historia clinica, exploracion fisica, estu-
dio antropométrico, bioquimico y hormonal, valoracion comple-
mentaria para determinar la comorbilidad asociada, endoscopia
0 estudio radioldgico eséfago-gastro-duoudenal, pruebas funcio-
nales respiratorias, valoracion psiquiatrica, valoracion anestésica
y consentimiento informado.

La seleccion de los pacientes se hizo conforme a los criterios
establecidos en el Documento de Consenso elaborado por las socie-
dades SEEDO (Sociedad Espariola para el Estudio de la Obesidad) y
SECO (Sociedad Espafiola de Cirugia de la Obesidad) en el 2004 (6).

El seguimiento después de la cirugia se llevo a cabo con la
siguiente periodicidad: 1, 3,6, 12, 18 y 24 meses, y posteriormente
de manera anual. En cada visita se llevd a cabo un control ponderal
y de las variables antropométricas, y se efectuaron las determina-
ciones analiticas y pruebas necesarias para el estudio de los FRCV.

Se registraron las comorbilidades mayores: hipertension arterial
(HTA), diabetes mellitus de tipo 2 (DM2), dislipemia (DLP), enferme-
dad cardiovascular, sindrome de apnea-hipopnea del suefio (SAHS)
y artropatia severa de las articulaciones de carga; y las siguientes
comorbilidades menores: colelitiasis, reflujo gastroesofagico, estea-
tosis hepatica, alteraciones mestruales/infertilidad, incontinencia
urinaria de esfuerzo, varices e hipertension intracraneal benigna (6).

Se siguieron los siguientes criterios para el diagndstico de las
comorbilidades mayores: HTA, si TA > 140/90 mmHg; DM2, si
HbA1c > 6,5 % o glucosa en ayunas > 126 dl; DLP, siTG > 150
mg/dl o LDL-Col > 160 mg/dl o HDL-Col < 50 mg/dl en las
mujeres 0 HDL-Col < 40 en los hombres o en caso de recibir
tratamientos para estas patologias. El diagnostico del SAHS se
determind mediante un estudio polisomnografico si se observa-
ban > 5 eventos/hora de apnea/hipopnea.

Los criterios que se siguieron para determinar la resolucion de
las comorbilidades mayores fueron: HTA si TAS < 140 mmHg y
TAD <90 mmHg; DM2 si HbA1c < 6 % y glucosa basal < 100 mg/
dl sin tratamiento al menos durante un afio; DLP si TG < 150 mg/dl,
LDL-Col < 160 mg/dl'y HDL-Col > 50 mg/dl en las mujeres o HDL-
Col > 40 en los hombres. Para la resolucion del SAHS fue necesario
que en el estudio polisomnografico se observaran < 5 eventos/hora.

Se registrd el consumo de tabaco, alcohol y drogas antes y
después de la cirugia como FRCV. Para el célculo del riesgo car-
diovascular utilizamos la ecuacion calibrada del Registre Gironf
del Cor (REGICOR), cuya formula nos permite el calculo del riesgo
de cualquier acontecimiento coronario a los 10 afios, adaptado
a las caracteristicas de prevalencia de los factores de riesgo y
de la incidencia de acontecimientos coronarios de la poblacion
espafiola; se expresa en forma de porcentaje (7).
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Los factores de riesgo incluidos en el REGICOR son: edad,
sexo masculino, tabaquismo, diabetes mellitus, colesterol total
(mg/dl), colesterol-HDL (mg/dl), TAS (mmHg) y TAD (mmHg). La
clasificacion del riesgo a los 10 afios es: muy alto (> 39 %), alto
(20-30 %), moderado (10-19 %), ligero (5-9 %) y bajo (< 5 %).

Las formulas utilizadas para el calculo de la pérdida ponderal
son las recomendadas por la SECO (8):

— Indice de masa corporal: IMC = peso/talla2

— Porcentaje de sobrepeso perdido: PSP = [(P inicial — P

actual) / (P inicial — P ideal)] x 100
— Porcentaje de exceso de indice de masa corporal perdido:
PEIMCP = [(IMC inicial - IMC final) / IMC inicial - 25)] x 100
— Porcentaje de peso total perdido: PPTP = [(P inicial — P
actual / P inicial] x 100

El andlisis estadistico se realizd a partir de una base de datos
creada en el programa SPSS para Windows, version 23.0 (SPSS
Inc., Chicago, IL, EUA).

Se realizd un estudio descriptivo de las variables basales de
los pacientes. Las variables categéricas se describieron con fre-
cuencias y porcentajes, y las variables continuas con la media y
la desviacion estandar.

Para comparar variables continuas utilizamos la prueba de la
t de Student y para las variables categoricas se utilizd la prueba
exacta de Fisher.

Para todos los andlisis el nivel de significacion estadistico se
fijd en el 5 %, valor a = 0,05.

RESULTADOS

Se incluyeron 303 pacientes intervenidos de bypass gastrico en
nuestro hospital, 221 mujeres y 82 hombres con una media de
edad de 42,3 = 10,0 afos (20-68) y un IMC inicial de 48,2 = 6,0
kg/m? (35,4-71,6).

Al final del estudio, 10 pacientes se perdieron por traslado a
otra comunidad. El tiempo medio de seguimiento desde la cirugia
hasta finalizar el estudio fue de 5,7 + 2,6 afios (2,0 + 11,7).

Veintiséis de los 303 pacientes habian sido sometidos pre-
viamente a tratamientos no conservadores para la obesidad: 16
(5,3 %) habian tenido previamente implantado un balén gastrico
y 4 (1,3 %) una banda gastrica, y 6 pacientes (2 %) se habian
sometido a gastroplastia vertical anillada.

La prevalencia de comorbilidades en los pacientes candidatos
a cirugia bariatrica se expone en la tabla I; las adicciones antes
de la cirugia y al final del seguimiento en la tabla Il.

En nuestra serie, antes de la cirugia, el 76,9 % de los pacientes
tenian un RCV bajo (< 5 %), el 19,5 % ligero (5-9 %) y el 3,6 %
moderado. Al final del seguimiento, el 92,1 % tenian un RCV bajo,
el 7,3 % ligero y el 0,6 % moderado, no teniendo ninguno riesgo
alto o muy alto, ni antes ni después de la intervencion.

La prevalencia de las comorbilidades mayores antes de la ciru-
giafue: HTA, 44,6 %; DM2, 19,1 %; GBA (glucosa basal alterada),
20,2 %; DLP, 34,7 %, y SAHS, 24,1 %. El tratamiento médico
seguido por los pacientes antes de la cirugia y al final del segui-
miento se muestra en la tabla Ill.

S. Junquera Bariares et al.

Tabla I. Prevalencia de comorbilidades
en los pacientes intervenidos de bypass

gastrico
Comorbilidades Comorbilidades
mayores menores
n (%) n (%)
Ninguna 106 (35,0) 212 (70,0)
1 85 (28,1) 81 (26,7)
2 57 (18,8) 93,0
3 36 (11,9) 1(0,3)
4 17 (5,6)
5 20,7 %)

Tabla Il. Prevalencia de adicciones
en los pacientes intervenidos de bypass
gastrico antes y al final del seguimiento

Precirugia Fin.a : .del p
seguimiento
n (%) n (%)
Alcohol 45 (15,4) 32 (10,9 < 0,001
Drogas 8(2,7) 5(1,7) < 0,001
Tabaco 99 (33,8) 83 (28,3) < 0,001

Tabla Ill. Tratamiento médico seguido
por los pacientes

Precirugia Fin_a : _del
seguimiento
n (%) n (%)
Antihipertensivos
Ninguno 171 (56,4) 231(76,2)
1 74 (24,4) 46 (15,2)
2 42 (13,9) 16 (5,3)
3 16 (5,3)
Antidiabéticos
Ninguno 239 (78,9) 278 (95,0)
1 29 (9,6) 8(2,6)
2 16 (5,3) 2(0,7)
3 0 insulina 2(0,7)
Insulina + ADO 17 (5,6) 5(1,7)
Hipolipemiantes
Ninguno 247 (81,5) 284 (96,9)
Estatinas 48 (15,8) 93,1
Fibratos 5(1,7)
Fibratos + estatina 3(1,0)
CPAP
No 236 (77,9 %) 275 (93,8)
Si 67 (22,1) 18(6,1)

ADO: antidiabéticos orales;, CPAP: presidn continua positiva en la via aérea.
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RESULTADOS A 5 ANOS

La resolucion de las comorbilidades al final del seguimiento
fue del 53,4 % para la HTA, del 70,2 % para la DM2, del 83,9 %
parala DLPy del 71,4 % para el SAHS (Tabla IV). Setenta de 132
(53,0 %) pacientes dejaron de tomar antihipertensivos, 49 de 64
(76,6 %) antidiabéticos orales y/o insulina y 47 de 56 (83,9 %)
hipolipemiantes, y 49 de 67 (73,1 %) dejaron de utilizar CPAP
para tratar el sindrome de apnea-hipopnea durante el suefio.

Al final del seguimiento, el porcentaje de eventos cardiovas-
culares a los 10 afios estimado por REGICOR disminuy6 en un
32,2 %. Todos los pardmetros incluidos en el célculo del riesgo
cardiovascular disminuyeron significativamente al final del segui-
miento salvo los niveles de HDL-colesterol, que no experimentaron
ninguna variacion significativa (Tabla V).

La pérdida ponderal expresada en PSP, PEIMCP y PPTP es
significativamente mayor a los 24 meses después de la cirugia

que al final del seguimiento, al igual que el porcentaje de éxitos
(PSP > 50 % del inicial), que es del 84,1 % a los 24 meses
y disminuye al 64,7 % al final del seguimiento (p < 0,0001)
(Tabla Vi).

ElI PSP al final del seguimiento es significativamente mayor
en los pacientes intervenidos hace menos de 5 afios (n = 140)
que en los que han pasado al menos 5 afios desde la cirugia
(n=153), siendo de 62,7 + 17,3 v5. 53,5 + 20,4, p < 0,0001,
respectivamente.

DISCUSION

Hay evidencia suficiente que relaciona la obesidad morbida
con una mayor morbimortalidad, fundamentalmente debida a

Tabla IV. Porcentaje de resolucion de comorbilidades después del bypass gastrico

Precirugia selt_::;:ii:;it:llto Resolucion Mejoria Total

n (%) n (%) n (%) n (%) n (%)
HTA 135 (44.6) 63 (20,9) 72 (53,4) 39 (28,9) 111 (82,3)
DM 2* 58 (19,1) 17 (5,6) 91 (70,2) 15 (26,2) 106 (96,4)
DLP 105 (34,7) 17 (5,6) 89 (83,9) 13 (12,4) 102 (96,3)
SAQS 73 (24.1) 2169 52 (711,4) 13(17,8) 65 (89,2)

*Seguin criterios de la ADA. DLP: dislipidemia; DM 2: diabetes mellitus de tipo 2; HTA: hipertension arterial; SAOS: sindrome de apnea obstructiva del suerio.
Nota: el 20,1 % (n = 61) tenian GBA (glucemia basal alterada) antes de la cirugia, con normalizacion del 100 % posteriormente.

Tabla V. Comparacion de los factores de riesgo cardiovascular y el riesgo cardiovascular a
los 10 afos antes de la cirugia y al final del seguimiento

Precirugia Final del seguimiento
(n = 303) (n = 293) P
TAS (mmHg) 134,7 £ 10,6 (63-105) 123,3 + 12,6 (90-145) < 0,0001
TAD (mmHg) 84,6 + 9,5 (63-105) 76,5 + 9,0 (55-95) < 0,0001
Col-T (mg/dL) 195,9 + 31,1 (130-195,9) 162,6 + 30,7 (89-242) < 0,0001
Col-HDL (mg/dL) 50,1 + 12,2 (30-101) 50,7 + 12,6 (33-105) 0,07 (ns)
Tabaquismo ( %) 33,8 28,3 < 0,0001
REGICOR 3,2+2,6(1-13) 22+17(1-11) < 0,0001
Tabla VI. Evolucion ponderal de los pacientes a los 24 meses de la cirugia
y al final del seguimiento
24 meses Final del seguimiento p
IMC 30,7 = 5,2 (18,4-50,7) 33,0 +6,1(18,7-53,2) < 0,0001
PSP 66,4 +17,1(5,9-118,3) 57,9 +19,5(0,7-116,5) < 0,0001
PEIMCP 76,8 + 20,7 (6,6-147,2) 66,9 + 23,0 (0,8-140,9) < 0,0001
PPTP 35,7 = 9,1 (3,5-61,8) 31,2+ 10,5 (0,3-56,7) < 0,0001
PSP > 50 %* 84,10 % 64,70 % < 0,0001

IMC: indice de masa corporal; PSP: porcentaje de sobrepeso perdido,; PEIVMCP: porcentaje de exceso de IMC perdido, PPTP: porcentaje de peso total perdido. *Criterio

de €xito de la cirugia si PSP > 50 %.

[Nutr Hosp 2020;37(4):750-756]
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enfermedades cardiovasculares. El objetivo que perseguimos
con la cirugia es la reversion de los factores de riesgo cardio-
vascular con la pérdida de peso y la diminucion del RCV en
estos pacientes.

En un analisis publicado en JAMA en 2013, en el que se
revisaron 270.000 muertes provenientes de 97 estudios, se
observo un aumento significativo del riesgo relativo de muerte
(RR: 1,34, 1C: 1,21-1,74) para los rangos de IMC superiores
a 35 kg/m?(9).

En otro estudio publicado en Lancet en 2009, que registro
la causa de muerte de una poblacion de 1 millon de adultos
reclutados desde los afios 70 hasta la actualidad, se concluye
que, a partir de un IMC de 25 kg/m?, la mortalidad aumenta
en una media del 30 % por cada 5 kg/m? de incremento del
IMC, siendo esta relacion méaxima en el tramo de edad de 35
a 59 afios.

El infarto agudo de miocardio estaba fuertemente relacionado
con el IMC y, en el tramo de 25 a 50 kg/m?, cada aumento de 5
kg/m? del IMC incrementaba la mortalidad un 40 % por infarto y
por accidente cerebrovascular, y un 10 % por cancer (10).

El estudio SOS (Swedish Obese Subjects Studly), publicado en
2012 sobre 2010 pacientes suecos obesos con una mediana
de seguimiento de 14,7 afios, demuestra una reduccion signi-
ficativa del nimero de fallecimientos de origen cardiovascular
y del nimero de sucesos cardiovasculares (infarto de miocardio
e ictus) en los pacientes sometidos a cirugia bariatrica frente al
grupo de control sometido a cuidados basicos habituales (11).

Estos datos se corroboran en un estudio publicado por Scott
y cols., en el que aparece una reduccion del riesgo de infarto
agudo de miocardio, ictus o muerte del 25-50 % en compara-
cion con los pacientes no intervenidos (12).

Hemos utilizado en el estudio el algoritmo REGICOR en lugar
de la ecuacion de Framingham (NM, EE. UU.), utilizada en otras
series, porque esta Ultima presenta diversas limitaciones cuan-
do se aplica a nuestra poblacion, debido a que sobreestima el
riesgo cardiovascular mas de 2,5 veces, puesto que asume la
diabetes como equivalente de riesgo coronario y esto no parece
cumplirse en nuestro entorno.

Es por ello por lo que en Espafia se ha propuesto como
alternativa la ecuacion de REGICOR, que resulta de una cali-
bracion mediante una metodologia contrastada de la ecuacion
de Framingham, y ha demostrado que en nuestra poblacion
realiza una estimacion del riesgo cardiovascular a los 10 afios
mas precisa que otras ecuaciones disponibles.

EI RCV calculado en nuestra serie mediante el REGICOR es
bajo, tanto antes como al terminar el seguimiento (3,2 %y
2,2 %, respectivamente), probablemente por tratarse de una
poblacion joven y exenta de enfermedad cardiovascular sin-
tomatica.

Corcelles y cols., en su serie de 403 pacientes, reportan con el
mismo algoritmo un RCV antes y a los 12 meses de seguimiento
del 4,1 %y 2,2 %, respectivamente (13). Mateo Gavira y cols.
estudian el RCV de su serie, antes y a los 2 arios del bypass, con
ambas ecuaciones; con la de Framingham obtienen un riesgo de
evento cardiovascular a los 10 afios del 25,9 % y 4,3 %, res-
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pectivamente, significativamente mayor que cuando lo calculan
mediante el REGICOR, que resulta del 3,0 % y 1,6 % antes y
después de la cirugia, respectivamente (14).

Sin embargo, otros estudios que solo utilizan la ecuacion
de Framingham obtienen un RCV antes y a los 12 meses de
la cirugia del 7 % vs. 3,5 % (Batsis y cols.), del 12 % vs. 6 %
(Vogel y cols.), del 5,7 % vs. 2,7 % (Torquarti y cols.) (12) y del
4,5 % vs. 1 % (Ocony cols.) (15).

La reduccion del RCV en nuestro estudio, después de un
seguimiento medio de casi 6 afios, es del 32,2 %, comparable
al descrito en otros trabajos con seguimientos de 12 meses,
que muestran una disminucion del 28 % en los pacientes sin
sindrome metabdlico y de alrededor del 50 % —en otros estu-
dios— en el conjunto de los pacientes (13).

Esto es esperable puesto que la respuesta en cuanto a reso-
lucién de comorbilidades siempre es mayor en 0s pacientes
operados con menor tiempo de evolucion. Los resultados mejo-
res suelen darse a los 2 afios de la cirugia, pero los obtenidos
a los 5 afios son mucho mas fiables para extraer conclusiones
firmes, como afirman Baltasar y Fobi en sus estandares de
calidad y criterios de mejora tras la cirugia (16).

Cuando analizamos la prevalencia de las comorbilidades en
nuestros pacientes, esta es similar a la de otros estudios y la
resolucion de las mismas mantiene un porcentaje favorable,
incluso superior a lo publicado en otras series con seguimiento
inferior (17,18). La resolucion de las comorbilidades, segun
los estandares de calidad referidos, define como resultados
buenos la remision de la DM2, la HTAy la DLP en > 70 % de
los pacientes a los 2 afos, y en un 25 % de los casos de SAHS
a los 2 afos. En nuestra serie superamos €s0s requerimientos
con creces salvo en el caso de la HTA, que al final del segui-
miento se resolvio en el 53,4 %, mostrando curacion/mejoria
el 82,3 % de los casos.

En una revision sistematica que incluye 29 estudios y 428
pacientes sometidos a bypass gastrico laparoscopico, con un
seguimiento del 80 % a los dos afios, el porcentaje de resolu-
cion de la HTA es del 38,2 %, el de la DM2 del 66,7 %y el de
la DLP del 60,4 % con un PSP del 65,7 % (19). Otros estudios
reportan un porcentaje de resolucion de la HTA de alrededor
del 70 % a los dos afios, pero con un porcentaje de pacientes
seguidos escaso (20).

El seguimiento de nuestros pacientes es del 97 % de los
operados durante casi 6 afos, lo que justifica las cifras obteni-
das ya que esta descrito que hasta un 13,2 % de los pacientes
con resolucion de la HTA a los 2 afios de la cirugia pueden
recaer a los 6 afos.

Con respecto al resto de comorbilidades, en nuestro caso
se resuelven el 100 % de las GBA, el 70,2 % de las DM2,
el 83,9 % de las DLP y el 71,4 % de los SAHS, porcentajes
iguales e incluso superiores a los publicados en otras series
con menor tiempo de seguimiento (21,22).

Hemos observado, al igual que otros autores (23), una mejo-
ria de todos los FRCV menos de los niveles de HDL-colesterol,
que no muestran variaciones significativas después de la cirugia
(Tabla 1V). Vest y cols., en su estudio de 2012, encuentran un
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aumento del HDL-colesterol después de la cirugia, con el siguien-
te efecto beneficioso cardiovascular que ello conlleva (24).

La SECO, en la Declaracion de Salamanca del afio 2003, se
propone como deseable la evaluacion del 75 % de los pacien-
tes alos 2 y 5 afios después de ser intervenidos para tener un
estudio con fiabilidad. En la misma linea, la ASMBS (Standards
Committee de la American Society for Metabolic and Bariatric
Surgery) acepta, para valorar la pérdida ponderal, el PSPy el
PEIMCP, y considera resultados definitivos de la cirugia baria-
trica los obtenidos a los 10 afios de seguimiento postopera-
torio, con un seguimiento minimo del 60 % de los pacientes
intervenidos (25).

En una revision sistematica de 2014 publicada en JAMA,
Puzziferri'y cols. observan que menos del 16 % de los estudios
reportan resultados a mas de 2 afios y tan solo el 0,4 % de los
mismos siguen al menos al 80 % de los pacientes (19). En otro
estudio realizado por Higa y cols. con 242 pacientes, el 33 %
siguen a los 2 afios y tan solo un 7 % de ellos permanecen en
seguimiento a los 10 afos (26).

A pesar de contar en nuestro hospital con un registro
exhaustivo y protocolizado de variables a registrar durante
todo el seguimiento de los pacientes intervenidos de cirugia
bariatrica desde hace 20 afios, una debilidad del estudio es
la de ser retrospectivo. Sin embargo, podemos afirmar que no
hemos encontrado en la bibliografia otro trabajo con tan alto
porcentaje de pacientes evaluados al final del seguimiento, con
pérdida de tan solo 10 (3,3 %) durante un seguimiento medio
de casi 6 afios y con mas del 50 % seguidos al menos 5 afios,
incluyendo los pacientes con reganancia de peso y fracaso, que
con frecuencia dejan de acudir a revision.

El Consenso SEEDO-SECO de 2004, que se basa en las
publicaciones de Reinhold y MacLean, categoriza los resultados
de la pérdida de peso como: excelente si el IMC < 30 kg/m?y el
PSP > 75 %; bueno si el IMC es de 30-35 kg/m?y el PSP es el
50-75 %, y fracaso si el IMC > 35 kg/m?y el PSP < 50 % (5).

La pérdida ponderal en nuestra serie se encuentra dentro
del rango catalogado como resultado “bueno” si tomamos el
PSP del 50-65 % con un IMC de 30-35 (el PSP a los 24 meses
es del 66,4 %, al final del 58 % en nuestra serie), y como
“excelente” si tomamos como referencia el PEIMCP > 65 %
(en nuestra serie es, a los 24 meses, del 76,82 % y al final
del 66,9 %). A los 2 afios de la cirugia tenemos un 15,9 % de
fracasos con un PSP < 50 %, y al final del seguimiento hay un
32 % de fracasos segun este criterio, dato que corrobora la
importancia del seguimiento a largo plazo.

CONCLUSIONES

El bypass gastrico es una técnica muy eficaz para perder peso
de forma mantenida y resolver en un alto porcentaje las comor-
bilidades directamente involucradas en la aparicion de eventos
cardiovasculares.

Sin embargo, segun nuestra experiencia, es muy importante
que para evaluar la eficacia real de la técnica se reporten los

[Nutr Hosp 2020;37(4):750-756]

resultados con un seguimiento minimo de 5 afios, ya que un por-
centaje nada despreciable de pacientes con resultado excelente
alos 2 afos se convierten en fracasos a lo largo del seguimiento.
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Abstract

Background: we hypothesize that the acyl CoA synthetase 5 (ACSL5) genotype may influence weight loss secondary to energy restriction.

Aims: the aim of our study was to analyze the effects of the rs2419621 genetic variant of the ACSL5 gene on weight change and metabolic
parameters after a partial meal-replacement hypocaloric diet.

Methods: this was a non-randomized, single-treatment study with a formula-diet in 44 obese subjects with body mass index (BMI) greater than
35 kg/m?. Patients received nutritional education and a modified diet with two intakes of a normocaloric hyperproteic formula during 3 months.
Anthropometric parameters and biochemical profile were measured at baseline and after 3 months. The rs2419621 variant of the ACSL5 gene
was assessed using real-time polymerase chain reaction.

Results: T-allele carriers showed greater improvement in body weight (CC vs. CT + TT; -7.4 + 2.1 kg vs. -9.3 = 1.8 kg; p = 0.01), body mass
index (-3.1 + 0.4 kg/m?vs. -3.4 + 0.5 kg/m? p = 0.02), fat mass (-5.2 + 1.4 kg vs. -6.4 + 1.2 kg; p = 0.01) and waist circumference (-6.1 + 1.1
cmvs. -8.6 + 0.8 cm; p = 0.02) than non-T-allele carriers. Only subjects with the T allele showed significant improvement in triglyceride levels
(-4.6 + 2.4 md/dL vs. -14.4 + 2.3 mg/dL; p = 0.01). Finally, improvements in insulin (-2.0 + 0.3 mU/L vs. -4.5 = 0.5 mU/L; p = 0.01) and
HOMA-IR (-0.4 + 0.2 units vs. -1.3 + 0.3 units; p = 0.02) were higher in T-allele carriers than in non-T-allele carriers.

Conclusions: our data suggest that the genetic variant (rs2419621) of the ACSL5 gene is associated with diet response after a partial-meal
replacement intervention, with greater improvements in adiposity and biochemical parameters in subjects with the T allele.

Resumen

Antecedentes: se hipotetiza que el genotipo de la acil-CoA-sintetasa 5 (ACSL5) podria influir en la pérdida de peso secundaria a la restriccion
de energia.

Objetivos: el objetivo de nuestro estudio fue analizar los efectos de la variante genética rs2419621 del gen ACSL5 sobre el cambio de peso y
los parametros metabdlicos después de una dieta hipocalérica parcial de reemplazo.

Métodos: estudio no aleatorizado, de centro Gnico, con una formula dietética, en 44 sujetos obesos con un indice de masa corporal (IMC) superior
a 35 kg/m?. Los pacientes recibieron educacion nutricional y una dieta modificada con dos tomas de una férmula hiperproteica normocaldrica
durante 3 meses. Los parametros antropométricos y el perfil bioquimico se determinaron en el tiempo basal y tras 3 meses. La variante rs2419621
del gen ACSL5 se evalud mediante reaccion en cadena de la polimerasa en tiempo real.

Resultados: los portadores del alelo T mostraron mejorias de peso corporal (CC vs. CT +TT; -7,4 + 2,1 kg vs. -9,3 + 1,8 kg; p = 0,01), indice
de masa corporal (-3,1 = 0,4 kg/m? vs. -3,4 + 0,5 kg/m? p = 0,02), masa grasa (-5,2 + 1,4 kg vs. -6,4 += 1,2 kg; p = 0,01) y circunferencia de
la cintura (-6,1 = 1,1 cm vs. -8,6 + 0,8 cm; p = 0,02) superiores a las de los portadores de alelos distintos de T. Solo los sujetos con alelo T
mostraron una mejoria significativa en los niveles de triglicéridos (-4,6 = 2,4 md/dL vs. -14,4 + 2,3 mg/dL; p = 0,01). Por (ltimo, la mejoria de
lainsulina (-2,0 + 0,3 mU/L vs. -4.5 + 0.5 mU/L; p = 0,01) y HOMA-IR (-0,4 + 0,2 unidades vs. -1,3 + 0,3 unidades; p = 0,02) fueron mayores
en los portadores de alelos T que en los portadores de alelos no T.

Conclusiones: nuestros resultados sugieren que la variante genética (rs2419621) del gen ACSL5 estéa asociada a la respuesta a la dieta des-

pués una dieta hipocaldrica parcial de reemplazo, con una mejoria superior de los parametros relacionados con la adiposidad y los parametros
bioquimicos en los sujetos con alelo T.
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INTRODUCTION

Obesity is a growing global health pandemic. This disease
is one of the main causes of mortality and morbidity, including
cardiovascular and cerebrovascular disease, diabetes mellitus,
musculoskeletal disorders, and cancer. According to the latest
studies, the prevalence of obesity in the world was 12 % (1),
while in Spain it was 22 % (2). For obese individuals, even a
relatively small amount of weight loss may reduce the risk of
developing such morbidities. The cornerstone of all treatment
options for obese patients includes a reduced calorie diet and
exercise, with the goal of achieving a clinically meaningful weight
loss of at least 5-10 % in a 3- or 6-month period. There is
evidence that partial meal replacements (MRs) are effective in
inducing weight loss. Heymsfield (3) conducted a meta-analysis
comparing partial replacement programs to traditional energy-re-
stricted food-based diets, and found that MRs resulted ina 7 %
loss in body weight at 3 months, compared to 3 % in the case
of traditional diets.

Moreover, weight loss in response to these different caloric
restriction approaches shows significant interindividual variability
(4). The genes implied in fatty acid (FA) partitioning are strong can-
didates to play a role in weight loss. Acyl-CoA synthetases (ACSL)
are involved in the supply of FAs by catalyzing the activation step
of FA metabolism. Due to its location in the inner mitochondrial
membrane of liver cells, the ACSL5 isoform is implied in the pro-
vision of acyl-CoA for mitochondrial oxidation (5). Because the
ability to increase or maintain FA transport capacity may be a
determining factor in the success of weight reduction, and ACSL5
has been demonstrated to increase with food deprivation in rats
(6), we thought that the ACSL5 genotype might influence weight
loss secondary to different energy-restriction strategies. Previous
work (7-8) illustrated that the rs2419621 genetic variant of the
ACSL5 gene (C to T transition) is associated with increased rates
of weight and fat loss in overweight and obese subjects who
underwent a moderate hypocaloric diet.

The aim of our study was to analyze the effects of the
rs2419821 genetic variant of the ACSL5 gene on weight loss
and metabolic parameters after a partial meal replacement hypo-
caloric diet.

METHODS

STUDY DESIGN

The study was carried out from January 2017 to July 2019.
This interventional study was approved by our Ethics Committee
(HCUVA Committee 06/2017) and was also in accordance with
the guidelines laid down in the Declaration of Helsinki. All partic-
ipants provided their informed consent to a protocol approved by
the local ethical review committee. This was a non-randomized,
single-treatment study with a partial meal-replacement hypo-
caloric diet with a normocaloric hyperproteic formula (Table I).
The recruitment of 44 obese patients was conducted using a

0. lzaola-Jauregui et al.

consecutive method of sampling among subjects referred from
Primary Care. Obese subjects were eligible to participate if they
met the required criteria, including body mass index (BMI) great-
er than 35 kg/m?and age between 30 and 75 years. Exclusion
criteria included the following; history of thyroid disease, heart
attack, stroke, severe renal or hepatic disorders, active alcoholism,
malignant tumor, and receiving medications known to influence
lipid levels (hormonal therapy, glucocorticoids, anti-inflammatory
drugs) or glucose levels (sulfonylureas, thiazolidinediones, insulin,
GLP-1 receptor antagonists, S-GLT2, DPP-IV inhibitors, metformin)
within 3 months before the study.

The primary endpoint was body weight loss after 3 months
versus baseline. The secondary endpoints were changes in lipid
profile, insulin levels, and insulin resistance. All anthropometric
parameters (weight, height, body mass index (BMI), waist cir-
cumference, fat mass by impedance) and blood pressure were
recorded at baseline and after 3 months. Blood samples were col-
lected in EDTA-treated and plain tubes after a 12-hour overnight
fast for the analysis of insulin, total cholesterol, LDL-cholesterol,
HDL-cholesterol, and triglyceride levels. The variant of the ACSL5S
gene was assessed using a polymerase chain reaction.

THERAPEUTIC INTERVENTION

After the inclusion of a patient in the study, a nutritional assess-
ment and an analysis of biochemical markers were carried out.
Patients received nutritional education and a normocaloric hyper-
proteic formula diet. The nutritional characteristics of the diet are
shown in table |. This dietary intervention was structured into 5
meals (breakfast, morning snack, lunch, afternoon snack, dinner).
Lunch and dinner were replaced by an artificial nutritional prepa-
ration (VEGEStart Complete®), whose nutritional characteristics
are described in table | (normocaloric hyperproteic formula). A
dietitian provided reinforcement by telephone every seven days.
The different assessments and tests were carried out before the
start of the dietary intervention and at 3 months after the begin-
ning of the intervention.

ANTHROPOMETRIC PARAMETERS AND
BLOOD PRESSURE

Weight was measured without clothing, with an accuracy
of + 0.1 kg, using a manual scale (Seca, Birmingham, Unit-
ed Kingdom). The height was measured with the patient in an
upright position to the nearest centimetre, using a stadiometer
(Seca Birmingham, United Kingdom). BMI was calculated using the
formula: Weight (kg) / Height x Height (m?). The difference in rel-
ative weight was determined using the percentage of weight loss
(%PP): (Weight before dietary intervention - Weight after dietary
intervention (kg) / Initial weight (kg)) x 100. Waist circumference
was determined in the narrowest diameter between the xiphoid
process and iliac crest. A bioelectrical impedance analysis (BIA)
(BIA101, EFG, Akern, Firenze, Italy) was conducted in all subjects.
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IN RESPONSE TO A PARTIAL MEAL-REPLACEMENT HYPOCALORIC DIET

Table I. Macronutrient and micronutrient composition of a diet consisting of five intakes
(three intakes as natural food and two intakes as artificial formula) and oral nutrition

Parameters Diet + formula Norrr}c;(:::::';c(zgg emrt;'otelc
Caloric value (kcal) 200
Proteins (g (%TCV)) 64.4 (25 %) 15.4 (31 %)
Lipids (g (%TCV)) 19.1 (17 %) 5.2 (23 %)
Carbohydrates (g (%TCV)) 151.6 (59 %) 21 (42 %)
Fiber (g) 4.2

The normocaloric hyperproteic formula is Vegestart®. %TCV: total valoric value percentage.

The BIA was performed on all subjects after fasting for at least
8 hours, and subjects were instructed not to exercise or drink
alcohol within 48 hours prior to the test. An alternating current of
0.8 mA at 50 kHz produced by a calibrated signal generator (EFG,
Akern, Firenze, Italy) was used and applied to the skin by adhesive
electrodes placed on the back of a hand and rthe ight foot. The
parameter analyzed with the BIA was total fat mass (kg) (9).

Blood pressure was measured twice after a 10-minutes rest
with a random zero mercury sphygmomanometer, and then aver-
aged (Omrom, LA,CA, USA).

BIOCHEMICAL AND GENETIC VARIABLES

Serum total cholesterol and triglyceride concentrations were
determined by an enzymatic colorimetric technique (Technicon
Instruments, Ltd., New York, N.Y., USA). HDL cholesterol was
determined enzymatically in the supernatant after precipitation
of other lipoproteins with dextran sulphate-magnesium. LDL
cholesterol was calculated using Friedewald’s formula (LDL cho-
lesterol = total cholesterol - HDL cholesterol — triglycerides / 5)
(10). Insulin was analized by radio-immunoassays (RIA Diagnostic
Corporation, Los Angeles, CA, USA) with a sensitivity of 0.5 mIU/L
(normal range, 0.5-30 mlU/L) (11); plasma glucose levels were
determined by using an automated glucose oxidase method (Glu-
cose Analyser 2, Beckman Instruments, Fullerton, California, USA),
and the homeostasis model of assessment for insulin resistance
(HOMA-IR) was obtained using these values (12).

Genotyping (rs241926) was performed by using customized
assays with the TagMan® OpenArray™ Genotyping platform
(Thermofisher, Pittsburg, Pens, USA). Samples were loaded
using the AccuFill system, and amplification performed on the
QuantStudio 12K Flex Real-Time gPCR instrument (Thermofish-
er, Pittsburg, Pens, USA). A total sample volume of 5 pl with
2.5 yl of TagMan OpenArray Master Mix (Applied Biosystems,
Foster City, CA, USA) and 2.5 pl of human DNA was loaded
and amplified on arrays following the manufacturer’s instruc-
tions. Genotype calling and sample clustering for the OpenArray
assays was performed in a TagMan Genotyper (LifeTechnologies,
Carlsbad, CA, USA).
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DIETARY INTERVENTION

All patients completed a dietary record of 72 hours to assess
the intake of calories and macronutrients. This record was carried
out before starting the intervention. A new dietary record was
done at 3 months to assess the adherence to formula-diet. The
records were reviewed by a dietitian and analyzed by the program
(Dietsource®, Nestlé, Geneve, Switzerland). National composition
food tables were used as reference (13). The exercise recommen-
dations for patients of both groups were the completion of aerobic
physical activities at least 3 times per week (1 hour each). The
exercises indicated by the authors were walking, running, cycling,
swimming and muscular strength exercises (weight training or
weightlifting) were contraindicated. Patients exercise activity was
self-reported through a questionnaire.

STATISTICAL ANALYSIS

The genotype distribution was tested for deviation from the
Hardy-Weinberg equilibrium by a chi-squared test with 1 df
(p > 0.05). The variant of the ACSL-5 gene was in Hardy Wein-
berg equilibrium (p = 0.27). Sample size was calculated to detect
differences over 7 kg in body weight loss with 90 % power and
5 % significance (n = 40). Each variable was examined for nor-
mality with the Kolmogorov—Smirnov test. For descriptive purpos-
es, results were expressed as average +/- standard deviation.
In within-group comparisons we conducted paired t-tests for
biochemical parameters at baseline and after caloric restriction.
In between-group comparisons, an independent t-test was used
to compare differences between both times. Non-parametric
variables were analyzed with the Mann-Whitney U-test. Cate-
gorical variables were analyzed with the chi-squared test, with
Yates correction as necessary, and Fisher’s test. The statistical
analysis to evaluate the gene/diet interaction was an univariate
analysis of covariance (ANCOVA) with Bonferroni’s test post-hoc.
A chi-squared test was used to evaluate categorical parameters.
The statistical analysis was performed for the combined CT and
TT as a group, and for the CC genotype as a second group (wild
type genotype), with a dominant model. A p-value < 0.05 was
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considered significant. The statistical analysis was carried out with
the SPSS version 19.0 software (Chicago, IL. USA).

RESULTS

We enrolled 44 subjects with obesity (29 CC (65.9 %), 13 CT
(29.5 %) and 2 TT (4.5 %)). All patients completed the 3-month
follow-up period without dropouts, and no adverse symptoms
related to the intervention were reported. The mean age of all the
group was 64.2 + 7.3 years (range: 33-72 years) and the mean
BMI 38.2 + 2.5 kg/m? (range: 35.2-44.3 kg/m?). Sex distribution
was: 34 women (77.3 %) and 10 men (22.7 %). Age was similar
in both genotype groups (wild type (CC) vs. mutant type (CT +TT))
(64.5 + 7.2 years vs. 63.9 + 6.0 years: ns). Sex distribution was
similar in both genotype groups: males (23.1 % vs. 22.5 %) and
females (76.9 % vs. 77.5 %).

In these obese subjects treated with a partial-meal replace-
ment hypocaloric diet, the baseline evaluation of dietary intakes
with a 3-day written food record showed the next data: calo-
rie intake of 1,611.8 + 531.8 kcal/day, carbohydrate intake of
159.1 + 63.9 g/day (39.4 % of calories), fat intake of 66.4 + 29.3

0. lzaola-Jauregui et al.

g/day (37.1 % of calories), protein intake of 78.4 + 22.1 g/day
(23.5 % of calories), and dietary fibre intake of 15.8 + 7.1 g/
day. After 3 months of dietary intervention, these obese subjects
reached the recommendations of partial-meal replacement hypo-
caloric diet; 1,069.9 calories per day, 150.1 = 43.1 g/day of
carbohydrates (64.4 % of calories), 27.7 + 12.3 g/day of lipids
(23.1 % of calories), 62.1 = 12.1 g/day of proteins (23.5 %. of
calories) and dietary fibre 18.3 = 3.1 g/day. The distribution of
fat was: 32.9 % of saturated fat, 50.1 % of monounsaturated fat,
and 17.0 % of polyunsaturated fat. Physical activity was similar in
both genotype groups (123.2 + 27.3 min/week vs. 129.1 + 28.2
min/week: p = 0.51).

As reported in table I, there were no significant genotype relat-
ed differences (baseline and after dietary intervention) in anthro-
pometric parameters and blood pressure. After the partial-meal
replacement hypocaloric diet, body weight, body mass index (BMI),
fat mass, waist circumference and blood pressure decreased.
The percentage of weight reduction at 3 months was 7.2 % (5.2-
9.8 %) in non-T allele carriers, with a greater weight loss at 3
months with a percentage of 9.2 % (6.1-11.2 %) in T allele car-
riers. T allele carriers (CC vs. CT + TT) showed greater improve-
ment in body weight (-7.4 + 2.1 kg vs.-9.3 + 1.8 kg: p = 0.01),

Table Il. Anthropometric parameters and blood pressure (mean + SD)

n=44
CC (n =29) CT + TT (n = 15) p
p Time
Parameteres Time Genotype
Baseline 3 months Genotype Baseline 3 months Gent.)type X
Genotype x time
time

p = 0.006 p=0.004

BMI 382+22 351 +41* p=0.41 38.1+23 347 +2.1* p=0.32
p=0.02 p=0.01

p=0.005 p=0.001

Weight (kg) 101.7+9.5 943 +£9.1* p=0.41 100.4 + 13.1 91.1+£9.17 p=0.35
p=20.01 p=0.004
p=0.005 p = 0.004

Fat mass (kg) 446 +52 39.3+8.0" p=0.51 435+5.0 37.1+6.17 p=0.46
p =0.002 p=0.001

p=0.03 p=0.02

WC (cm) 113.3+91 106.2 = 8.0* p=0.59 1172+71 108.7 £ 5.0* p=054
p=0.02 p=0.01

p=0.02 p=0.03

SBP (mmHg) 136.8+7.2 1224 +£51* p=0.23 1359 +6.1 1174 +6.2* p=0.31
p=0.04 p=0.04

p=0.03 p=0.04

DBP (mmHg) 80.3 = 6.1 78.4 +3.47 p=0.46 79.1+541 744 +7.0" p=0.61
p=0.02 p=0.03

BMI: body mass index; DBP: diastolic blood pressure; SBP: systolic blood pressure; WC: waist circumference. Statistical differences, p < 0.05 in each genotype group
(). No statistical differences between genotype groups.
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Table Ill. Biochemical parameters (mean + SD)

n=44
CC (n = 29) CT+TT (n=15) p
Biochemical P Ge-lr-::‘t; .
parameters Time P
Baseline 3 months Genotype Baseline 3 months Genotype x
Genotype x time
time
p=012 p=0.15
Glucose (mg/dL) 103.3 £ 8.1 99.2+71 p =051 98.1 £ 91 939+72 p=0.59
p=013 p =024
p=0.11 p=045
Total cholesterol (mg/dL) 1974117 1926 +£12.2 p=0.39 196.9 + 8.1 1788 7.2 p=0.54
p=012 p=0.15
p=044 p =061
LDL-cholesterol (mg/dL) 1181 +8.3 116.3 +6.8 p=0.56 1149+ 8.0 105.2+79 p=0.89
p=0.19 p=0.35
p=044 p=029
HDL-cholesterol (mg/dL) 58.0+4.2 53.9 +5.1 p=0.70 581 +5.0 534 +572 p=0.68
p=0.66 p=0.50
p=0.29 p=20.02
Triglycerides (mg/dL) 110.6 +19.1 105.2 £ 20.2 p=0.61 1181 +£10.2 103.8 +13.1* p=0.21
p=0.31 p=0.03
p=0.01 p =0.001
Insulin (mUI/L) 155 +7.1 135+52* p=0.23 16.3+5.7 11.8+3.1" p=0.11
p=0.02 p=0.003
p=0.03 p=0.01
HOMA-IR 3.8+21 34+19* p=0.18 43+20 3.0+21" p=0.33
p=0.04 p=0.02

HOMA-IR (homeostasis model assessment). Statistical differences, p < 0.05 in each genotype group (). No statistical differences between genotype groups.

BMI (-3.1 = 0.4 kg/m? vs. -3.4 + 0.5 kg/m? p = 0.02), fat mass
(-b.2+1.4kgvs.-6.4 +1.2kg: p=0.01) and waist circumference
(-6.1+1.1cmvs.-8.6 £ 0.8 cm: p=0.02) than non T allele carriers.

Table lll lists biochemical parameters. After the dietary interven-
tion with meal replacement hypocaloric diet, only subjects with a T
allele showed a significant improvement in triglycerides (CC vs. CT +
TT) (-4.6 £ 2.4 md/dL vs. -14.4 = 2.3 mg/dL: p = 0.01). After this
dietary intervention, subjects with both genotypes showed a signif-
icant improvement in insulin levels (-2.0 = 0.3 mU/Lvs. -4.5 = 0.5
mU/L: p=0.01) and HOMA-IR (-0.4 + 0.2 units vs. -1.3 + 0.3 units:
p = 0.02). These improvements in insulin levels and HOMA-IR were
higher in T allele carriers than non-T allele carriers.

DISCUSSION

The main finding of this study was that individuals with the T
allele of SNP rs2419621 displayed a significantly greater improve-
ment in body weight, fat mass, waist circumference, insulin levels,
and HOMA-IR than those who were not carriers of the T allele

[Nutr Hosp 2020;37(4):757-762]

after a partial meal replacement hypocaloric diet. T allele carriers
showed a significant decrease in triglyceride levels, too.

To explain our results we can use a pathophysiological hypoth-
esis. Because of its location in liver mitochondrial membranes, the
increased protein expression in response to food deprivation (6),
and deficient change in mRNA expression during adipocyte differ-
entiation (14), the ACSL5 isoform is suggested to provide acyl-CoA
bound primarily for beta-oxidation rather than triglyceride synthe-
sis (5). For example, FA oxidation is reduced in the muscle tissue
of obese black subjects when compared to obese white subjects,
and this fact was related to lower ACSL activity in the mitochondria
(15). Thus, a genetic variant modifying FA metabolism in the mus-
cle or liver may importantly influence the rate of weight loss and
metabolic changes, and the rs2419621 ACSL5 SNP is associated
with positive results after a partial-meal replacement hypocaloric
diet. This SNP could act as a cis-acting regulatory variant affecting
ACSL5 expression levels, and the effect of the T allele on adiposity
and biochemical parameters support that this genetic variant may
influence the amount of weight loss by increasing ACSL5 levels
and promoting the FA beta-oxidation pathway.



762

In the literature there are intervention studies that have eval-
uated this genetic variant. For example, Adamo et al. (7), using
a total meal replacement diet of 900 calories per day during a
short period of 6 weeks, reported better weight responses in T
allele carriers. However, this work did not evaluate any metabolic
parameters. Rajkumar et al. (8) showed that obesity and over-
weight subjects carrying the ACSL5rs2419621 T allele are more
responsive to two different dietary interventions in comparison
to non-carriers. The caloric restriction targets for two previous
cohorts used by these authors (8) were determined by subtracting
500 to 800 calories from the participants’ daily energy needs
without a meal replacement strategy. The dietary prescription in
this study (8) was higher than our intervention, and ranged from
1,200 to 1,800 calories per day. The diet’s macronutrient compo-
sition was different, too (energy intake: 55 % carbohydrates, 30 %
fat, and 15 % proteins). Although the dietary intervention was dif-
ferent, the weight loss target was also surpassed in the carriers of
the T allele, similar to our work. Rajkumar et al. (8) did not explore
any metabolic parameters. However, an important finding was the
finding of a greater decrease in visceral fat in the carriers of the
T allele as detected by dual-energy X-ray absorptiometry. This
finding agrees with the greater decrease in waist circumference
found in our work. In addition, this allows to explain our metabolic
findings. Excessive accumulation of visceral fat, characterized as
fat packed between the inner organs, is associated with impaired
metabolic parameters (16). Specifically, this situation entails a rise
in lipolytic activity within visceral adipocytes, with an increased
delivery of free fatty acids into the liver, resulting in insulin resis-
tance (17,18). The greater decrease in weight, but especially in
visceral fat, seen in patients with the T allele explains the greater
improvement found in insulin and HOMA-IR levels, together with
a significant decrease in triglycerides.

The strength of our study was in its design as an interventional
trial with high adherence to a partial-meal replacement diet of
practical relevance to the general population. Limitations included
the inclusion in the trial of our obese subjects without established
cardiovascular disease. Second, we only analyzed one SNP of
the ACSL5 gene, so other genetic variants may be associated
with our findings. Third, many uncontrolled factors may influence
our results (epigenetics, hormonal status, and level of physical
activity). Fourth, the absence of a control group without diet may
introduce a bias. Finally, self-reported dietary intake is unreliable
and may result in under- or over-reporting biases.

In summary, our data suggest that the genetic variant
(rs2419621) of the ACSL5 gene is associated with diet response
after a partial-meal replacement intervention, with greater
improvements in adiposity and biochemical parameters in sub-
jects with the T allele. Finally, identifying predictors of weight loss
response is important for tailored lifestyle interventions (19).
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Abstract

Objective: the purpose of this study was to investigate the effects of Chrysobalanus icaco on adiposity and its mechanism of action in the gene
and protein expression of acetyl-CoA carboxylase (ACC), a key enzyme in lipogenesis.

Method: Wistar rats were divided into a regular or control group (CG) and a high-fat diet (HFD) group. HFD was treated with saline or aqueous
extract of Chrysobalanus icaco (AECI) for four weeks. Body weight and food intake were assessed. Subcutaneous, retroperitoneal and periepi-
didymal adipose tissue samples were collected and weighed. Adipocytes from periepididymal tissue were isolated and analyzed. The gene and
protein expression of ACC in subcutaneous tissue was determined.

Keywords: Results: AECI showed no effect on intake or body weight. However, the weight of the fat pads and the gene and protein expression of ACC were
lower, and glucose tolerance was improved.

Chrysobalanus icaco. . ) - ) ) ) )
Obesity. Acetyl-CoA Conclusion: the aqueous extract of Chrysobalanus icaco proved beneficial for the treatment of obesity, preventing fat storage and improving
Carboxylase. glycemic homeostasis.
Resumen
Obijetivo: el objetivo de este estudio fue investigar los efectos del extracto acuoso de Chrysobalanus icaco (AECI) en la adiposidad y su mecanismo
de accion en la expresion génica y proteica de la acetil-CoA-carboxilasa (ACC), una enzima clave para la lipogénesis.
Métodos: se usaron ratones macho Wistar que se asignaron a una dieta estandar de control (CG) o a una rica en grasa (HFD). La HFD se trato
con solucion salina o con extracto acuoso de Chrysobalanus icaco (AECI) durante cuatro semanas. Se evaluaron el peso corporal y el consumo
alimentario. Se aislaron y analizaron muestras de tejido adiposo subcutaneo, retroperitoneal y periepididimico. Se determing la expresion génica
y proteica de ACC en el tejido subcutaneo.
Palabras clave: Resultados: el AECI no mostr6 ningun efecto sobre la ingesta de alimento y tampoco sobre el peso corporal. Sin embargo, el tratamiento con
Chiysobalanus icaco. AECI redujo el peso de los tejidos adiposos y la expresion génica y proteica de ACC, y mejoré también la tolerancia a la glucosa.
Obesidad. AcetiI-CoA- Conclusion: Chrysobalanus icaco (AECI) resulté ser beneficioso para el tratamiento de la obesidad, previniendo el almacenamiento de grasa y
carboxilasa. mejorando la homeostasis glucémica.
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INTRODUCTION

Obesity is defined as a condition where abnormal and/or exces-
sive accumulation of adipose tissue leads to the development of
an inflammatory condition posing risks to health (1), representing
an independent risk factor for a number of metabolic disorders (2).
Obesity has a multifactorial etiology that involves environmental,
behavioral, psychological and genetic factors (3). An inadequate
dietary pattern numbers among these factors, particularly high
intake of calories and/or fats, implicated as one of the main deter-
minants for the development of obesity (4).

Chrysobalanus icaco is a medicinal plant popularly known as
“@Grageru” or “Abajeru” and characterized as a medium-sized
bushy tree found in many regions of Brazil and other Latin Ameri-
can countries, such as Colombia and Venezuela (5,6). Chrysobal-
anus icaco belongs to the Chrysobalanaceae family. In Brazil, its
leaves are used for infusions in folk medicine as an anti-diabetic
and anti-lipidemic agent (7,8).

Previous studies have demonstrated the effect of the aque-
ous extract of Chrysobalanus icaco in the reduction of adiposity
and improvement of glucose intolerance (9,10). Analyses of the
administration of different doses showed that a dose of 0.35 mg/
mL, around 200 mg/kg of bodyweight, produced the best results
for improving glucose intolerance and reducing adiposity (10).
However, the physiological mechanisms promoting the effect of
Chrysobalanus icaco have not been fully elucidated.

Therefore, the objective of the present study was to investigate
the mechanism of action of Chrysobalanus icaco in the gene and
protein expression of acetyl-CoA carboxylase (ACC), an important
enzyme in lipogenesis.

MATERIALS AND METHODS

CHRYSOBALANUS ICACO

An aqueous extract of Chrysobalanus icaco (AECI) leaves was
used for this study. The leaves were collected from the village of
Jatobd, located within the municipality of Pirambu, Sergipe state.
The botanical material was registered under the number ASE 11855
at the herbarium of the Department of Biology, Federal University
of Sergipe (UFSE). The extraction was carried out at the Laboratory
of Endocrine Physiology and Metabolism of the State University of
Ceara (UECE). The dried, macerated Chrysobalanus icaco leaves
were submitted to extraction by infusion in distilled water at 100 °C
in a proportion of 50 g of leaves per liter of water. The solution thus
obtained was left to stand and cool at room temperature (25 °C) for
15 min. Subsequently, the solution was filtered through filter paper,
liophylized and then stored at —20 °C for later use.

HIGH-FAT DIET

The control (normocaloric) diet consisted of commercial rat
chow (Primor®), whose percentage constituents are: 28 % pro-
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tein, 60 % carbohydrate, and 12 % fat, yielding 3.24 kcal/g. The
high-fat diet, previously standardized, comprised a mixture of
high-calorie foods in the following proportions: 1875 g of regular
chow, 1250 g of milk chocolate, 1250 g of unsalted skinned
peanuts, and 625 g of cornmeal biscuits for every 5 kilograms of
feed. These ingredients were ground, mixed, and offered in pellet
form. The percentage composition of the high-fat diet was: 14 %
protein, 38 % carbohydrate, and 48 % fat. The energy content of
the high-fat diet was 4.64 kcal/g.

ANIMALS AND TREATMENT

The aqueous extract was administered at room temperature
to animals in the AECI group at an estimated dose of 200 mg/
kg/d; it was free from any toxic or other undesired effects (Ribeiro
2020) and was reported to induce glycemic control by Barbosa
(2013) and White (2016). During the same period, the vehicle
(drinking water) was administered to the other groups (CG and
HFD). The doses were adjusted twice a week according to mean
weight of the animal. The AECI and vehicle were fractionated and
administered twice daily.

During the experimental period, the animals were housed in a
temperature-controlled environment (22 + 2 °C), 3-4 animals per
cage, under an artificial 12-h light/12-h dark cycle, and provid-
ed with water and chow ad /ibitum. All experimental procedures
were in compliance with the Ethical Principles of Animal Exper-
imentation adopted by the Research Ethics Committee for the
Use of Animals of the State University of Ceara, Brazil (number
1847455/2016).

BODY WEIGHT, FOOD INTAKE AND ENERGY
EFFICIENCY

Body weight and food intake were assessed twice a week. Daily
food intake (FI) was calculated as: diet offered minus leftover food.
Energy efficiency (EE) was calculated by dividing total weight
gain (g) by total food intake (kcal), as described by Levin etal. (11).

GLUCOSE TOLERANCE TEST (GTT)

Glucose tolerance was determined at two timepoints: on the
12" week (prior to commencement of treatment with AECI) and
after the 16™ week (end of experimental protocol). The glycemic
curve after oral glucose loading was determined in 12-hour fast-
ed animals after administration of a single dose of glucose (75
mg/100 g bw) by gavage. Glycemia measurements from the tail
vein were taken using a glucose meter (One Touch Ultra, Johnson
& Johnson's) at different timepoints: O (pre-gavage) and at 5, 15,
30, and 60 minutes after glucose administration. Based on the
values from the glycemia curves for each animal, the area under
the curve (AUC) was calculated using the software Graph Pad
Prism Version 6.0 for Windows.
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ADIPOCYTE ISOLATION AND LEPTIN LEVEL

After 16 weeks of the experimental protocol, the animals were
killed by guillotine decapitation. Immediately after sacrifice, the retro-
peritoneal (RP), periepididymal (PE) and subcutaneous (SC) white adi-
pose tissues were collected and stored at -80 °C for later analyses.

Adipocytes were isolated using the collagenase tissue digestion
technique, according to Rodbell (12), with some changes to adapt
the method to our laboratory conditions. Briefly, the PE adipose fat
pads were removed, cut up using scissors into thin fragments, and
incubated in 4.0 mL of digestive buffer for around 30 minutes at
37 °Cin a bain Marie on an orbital shaker (150 rpm). The sample
was then filtered through a plastic sieve with a fine mesh and rinsed
three times in 25m L of EHB buffer at 37 °C. Lipids were determined
by placing approximately 40 pL of EHB buffer into a glass capillary
tube and centrifuging at 2000 rpm for 1 min. The total volume of the
suspension corresponds to 100 %, and the volume of adipocytes
obtained after centrifugation provides the lipids of the sample.

The serum leptin level was quantified using specific kits for rats
RIA (Millipore Corp, St. Charles, MO, USA). All procedures were
carried out in accordance with manufacturer instructions.

PROTEIN QUANTIFICATION BY WESTERN
BLOTTING

The subcutaneous adipose tissue was weighed and submersed
in extraction buffer in Eppendorf tubes. These were homogenized
and centrifuged to collect infranatant from the sample, and sub-
mitted to polyacrylamide gel electrophoresis until full passage of
the proteins through the gel.

The gel was then prepared for the transfer of proteins onto the
membrane in an electrophoresis box using transfer buffer with a
0.25-A current for 120 minutes. ACC (Cell Signaling) and o/B-tu-
bulin (Cell Signaling) antibodies were used to analyze the protein
expression of these enzymes. The blots were visualized using a
bioimaging system (Image QuantTM 400, GE Healthcare), which
captured images for 5 to 20 minutes that were then analyzed
using the Image Quant Tl (GE Healthcare) software.

GENE EXPRESSION BY qPCR

For gene expression assessment, 100 mg of subcutaneous
adipose tissue were homogenized in TRIZOL reagent for RNA
extraction. The RNA was purified using a Qiagen kit, accord-
ing to the manufacturer’s instructions. RNA concentration was
analyzed on a Nano Vue device (GE Healthcare Life Scienc-
es) and integrity was assessed using agarose gel. cDNA was
obtained by reverse transcriptase reaction on 2 pg of RNA from
the sample using the High-Capacity cDNA Reverse Transcription
Kit (Thermo Fisher Scientific). A Maxima™ SYBR Greenq PCR
Master Mix (Thermo Fisher Scientific) was employed for the
gPCR reaction (performed in duplicate). Each reaction comprised
2 UL of sample, 6 yL of master mix, 1.2 yL of primers, and 3.8
uL of water. Gene expression of acetyl-CoA carboxylase was
assessed, and beta-actin was used with the constitutive gene.
The sequences of the primers used were: ACC (5’- ACAGT-
GAAGGCTTACGTCTG-3" and 5’-AGGATCCTTACAACCTCTGC-3")
and beta-actin (5’-TCAGGTCATCACTATCGGAATG-3’ and 5'-
TTTCATGGATGCCACAGGATTC-3").

STATISTICAL ANALYSES

The results were expressed as mean + SEM. A one-way or
two-way ANOVA test, followed by the appropriate post-test, was
used for the different comparisons. Differences were considered
significant when p < 0.05. Analyses were performed using the
GraphPad Prism software version 6.0 for Windows (GraphPad
Software, SanDiego, CA, USA).

RESULTS

Comparison of the CG with the HFD and AECI groups revealed a
statistical difference in food intake (Fl) for total diet consumption in
both grams and kcal, where the CG had greater intake for the two
parameters assessed. However, no statistical difference between
groups was found for energy efficiency (EE) (Table I).

Table I. Body mass, food intake, and energy efficiency for rats fed a standard diet treated
with vehicle (CG), a high-fat diet treated with vehicle (HFD), and a high-fat diet treated
with aqueous extract of Chrysobalanus icaco (AECI)

Group CG HFD AECI
Initial body mass (g) 211.8 £ 14.42 200.1 +7.93 199.5 + 6.24
Final body mass (g) 398.2 +13.39 408.9 + 12.31 399.5 +21.47
Total gain in body mass (g) 186.4 + 14.39 208.8 +10.08 199.9 + 18.08
Total intake (g) 2345 £ 7.725 1478 + 29.00* 1460 + 10.75*
Total intake (Kcal) 7598 + 25.03 7057 + 138.4* 6970 + 51.30*
Energy efficiency (EE) 0.02456 + 0.001 0.03057 + 0.001 0.02950 + 0.002

Values expressed as mean + SEM; n = 7-8. *Statistically different from control group, p < 0.05.
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Regarding the GTT, prior to treatment, rats fed the HFD had
glucose intolerance with a significant increase in fasting glycemia
from the first 5 minutes to the end of test, as compared to rats
fed the control diet (CG) (Fig. 1A).

As expected, after treatment, impaired glucose tolerance was
observed in the animals fed the high-fat diet, compared to the
animals fed the control diet. A similar result is evident in the area
under the curve, which showed significant results. The group
administered the AECI exhibited improvement in glucose intol-
erance, although this was not statistically significant (Fig. 1B).

H. H. P. Portela-de-Sa et al.

The HFD group had a significant increase (p < 0.05) in PE, RP,
and SC adipose mass as compared to the CG and AECI groups
(Fig. 2A, 2B and 2C). In the AECI group there was a significant
reduction in RP adipose mass to the same mean values measured
in animals from the CG (Fig. 2C).

With regard to leptin levels, there was a significant leptin
increase (p < 0.05) in the animals fed the HFD diet when com-
pared to the animals on the control diet and to rats treated with
the extract, where no difference in leptin was evident between
these last two groups (Fig. 2D).

Before treatment After treatment
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Figure 1.

Glucose tolerance test (GTT). Glycemia was measured at O (baseline), 5, 15, 30 and 60 min after oral administration of
glucose. The graphs show the glycemic curve at the time. GTT was performed in two moments: (A) at the 12th week before
the start of treatment and (B) at the 16" week at the end of the treatment. *p <0.05; **p <0.01; ***p <0.001. Two-way

ANOVA with Bonferroni post hoc test. n = 7-8.
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Figure 2.

Adipose tissue weight (A), periepididimal (B), subcutaneous (C) retroperitoneal of control groups (CG), hyperlipidic diet (HFD)
and hyperlipidic diet and aqueous extract of Crysobalanus icaco trated (AECI). D. Leptin dosage of these groups. *p < 0.05.
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Figure 3.

Adipocyte diameter of periepididimal adipose tissue (A) and macroscopic images
of tissues of control (B) groups (GC), (C) hyperlipidic diet (HFD) and (D) hyperlipidic
diet and and aqueous extract of Crysobalanus icaco trated (AECI).

The observation of the diameter of adipocytes in PE adipose
tissue showed that the HFD significantly increased the size of adi-
pocytes (hypertrophy) relative to the CG. The AECI had a positive
effect in reducing the volume of PE adipocytes, reducing them to
the same size as the control group, differing statistically from the
group fed the HFD without the extract (Fig. 3).

As depicted in figure 4, the gene expression of ACC was sig-
nificantly increased (p < 0.05) in the group fed the high-fat diet
(Panel A). However, the group fed the high-fat diet and treated
with the extract showed a significant reduction (p < 0.05) in the
expression of this gene when compared to the HFD group.

The animals fed the HFD without extract supplementation
showed a significant increase in protein expression of ACC
(p < 0.05). The animals in the group supplemented with the extract
(AECI) had a significantly lower expression of ACC (p < 0.05) than
the group not administered the extract (HFD), although they did not
differ significantly from the control group (CG) (Fig. 4B).
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Figure 4.

Gene expression by PCR (A) and protein by Western Blotting (B), Acetyl-CoA car-
boxylase (ACC) of subcutaneous tissue of control (GC), hyperlipidic diet (HFD) and
hyperlipidic diet and and aqueous extract of Crysobalanus icaco trated (AECI).
*p<0.0.

DISCUSSION

In the present study we showed that, although not promoting a
significant change in intake and weight gain, treatment reduced
the weight of SC, RP, and PE fat pads, and also reduced gene and
protein expression in the subcutaneous adipose tissue.

Presta and Pereira (13) revealed a hypoglycemic and antioxidant
effect of AECI in normal mice using a concentration of 50 mg/mL,
although Presta, Fonseca and Bernardo-Filho (14) found that this
dose promoted a strong genotoxic effect on plasmid DNA. Akin
to the present study, White et al. (15) used a substantially lower
concentration (200 mg/kg = 0.0002-0.003 mg/mL) and found
this controlled the glycemia of animals in the group treated with
the extract. Barbosa et al. (16) also found a significant reduction in
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glycemia levels in alloxan-induced diabetic rats treated with aba-
jeru extract at doses of 200 mg/kg after six weeks of treatment.

This increase in adipose tissue may be the result of changes in
the hypothalamic modulation of the signalling due to the hyperlep-
tinemia induced by the high-fat diet, as seen in the present study.
In addition, reduced mitochondrial mass and oxidative capacity
has also been observed in rodents fed a high-fat diet, favoring a
greater accumulation of fat (17,18).

Some studies involving Chrysobalanus icaco have shown that
a diet containing 10 % of seeds from the plant can induce weight
reduction in normal rats without toxic effects (19), promote reduc-
tion in glycemic levels (9,13,15), and inhibit weight gain and fat
in the liver of high-fat diet-induced obese mice treated with the
aqueous extract (10); induce analgesic and anti-inflammatory
activity using the methanol extract (20); and increase locomotor
activity, increasing energy expenditure and preventing fat storage,
besides showing an ability to maintain homeostasis of glucose by
normalization of insulin sensitivity and glucose tolerance despite
a high fat intake (21).

The assessment of the effects of AECI on the adipose tissue
of the rats fed a high-fat diet showed lower weight gain in SC,
PE, and particularly RP fat pads in the group supplemented with
extract, where the difference in RP adipose tissue was not signif-
icant as compared to the control group. This reduction in adipose
mass was closely correlated with the improvement in glucose
tolerance observed in the same group.

In the study by White et al. (21), AECI administered to mice at
a concentration of 200 mg/kg promoted a lower gain in adipose
mass, possibly explained by a greater energy expenditure caused
by the increased locomotor activity induced by the extract, and
also by an excretion of fat in the feces, suggesting that the fat from
the high-fat diet was not being absorbed in the gastrointestinal
tract of the animals treated with the extract. Harach et al. (22)
reported that this is a common mechanism of some extracts and
compounds isolated from plants for the prevention of obesity.

In the present study, the effects of AECI supplementation on
glucose tolerance and reduction of SC, RP, and PE adipose pads
might have been due to the level of flavonoids found in this
extract. Recently, a study identified the presence of flavonoids
derived from myricetin and quercetin in the AECI, including ter-
penes, aglycone and glycosylated flavonoids (23). Therefore,
the beneficial effects on obesity the treatment showed in the
present study may be associated with the presence of these
metabolites in the extract.

According to Kazemipoor et al. (24), these natural compounds
can induce weight loss through several different mechanisms,
such as inhibiting pancreatic lipase activity, stimulating ther-
mogenesis, preventing adipocyte differentiation, enhancing fat
metabolism, and suppressing appetite. PANG et al. (25) suggest-
ed that the decreased intestinal absorption of lipids from the diet
results from the effects of saponin through the inhibition of pan-
creatic lipase enzyme activity. This reduction in lipid absorption
promotes a greater mobilization of lipids from visceral adipose
tissue to generate energy, thereby reducing the amount of abdom-
inal fat (26).

H. H. P. Portela-de-Sa et al.

The homeostasis of adipose tissue is a balance between lipo-
genesis and lipolysis. The polyphenols present in the AECI appear
to lower lipogenesis in adipocytes, and prevent their differentia-
tion by inhibiting the lipogenic enzyme ACC. ACC is a cytosolic
enzyme that promotes carboxylation of cytosolic acetyl-CoA into
malonyl-CoA, the initial step in the synthesis of fatty acids and
important for completing the biosynthesis of triacylglycerol for its
incorporation into cytoplasmic fat droplets (27,28).

The gene expression of ACC in the subcutaneous adipose tissue
showed that AECI supplementation reduced ACC expression in the
group supplemented with the extract. This may explain, at least
in part, the reduction in adipose mass seen in the supplemented
animals. It is now known that increased lipid synthesis is strongly
stimulated by key lipogenic molecules such as SREBP-1c¢, ACC
and SCD-1 (29). This inhibition might have been caused by the
action of the flavonoids present in the AECI. Flavonoids are known
for having effects such as: antioxidative capacity (30), and anti-in-
flammatory (31) and hypolipidemic (32) activities that could be
revelant to reduce adiposity in obesity models.

According to the results of the present study, the animals
treated with AECI exhibited improved glucose tolerance, lower
adipose mass gain, and reduced leptin and gene expression of
ACC, reducing lipogenesis in the tissues of diet-induced obese
rats. These results showed that AECI prevents and/or treats obe-
sity through the action of the flavonoids with biological properties
present in Chrysobalanus icaco.
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Resumen

Introduccion: el uso de suplementos nutricionales naturales puede ser una terapia complementaria ya que tienen fitoquimicos con posibles
efectos antioxidantes que pueden mejorar la regulacion del metabolismo lipidico y glucémico.

Objetivos: determinar el efecto de la suplementacion con propoleo natural sobre el metabolismo lipidico y la actividad antioxidante hepatica.
Material y métodos: 20 ratas albinas Wistar macho (8 semanas) se dividieron en dos grupos de 10 animales cada uno y se sometieron a un
periodo de 90 dias en el que se alimentaron con dos tipos diferentes de dietas: estandar para el grupo de control (dieta C) y dieta estandar +
2 % de propoleo (dieta P). Se determinaron los parametros hematoldgicos y bioquimicos. Se extrajeron los higados, se lavaron con solucion
salina y las fracciones citosdlicas se prepararon frescas para andlisis adicionales de las enzimas antioxidantes catalasa, superdxido-dismutasa,
glutation-peroxidasa y glutation-reductasa.

Resultados: tras el consumo de la dieta con suplemento de propéleo, encontramos una reduccion de la glucosa (p < 0,01), el colesterol total

Palabras clave:

Propoleo. Perfil (p < 0,001), 1a GOT (p < 0,05) y la GPT (p < 0,01), mientras que dicha dieta indujo un incremento en la actividad hepética de SOD (p < 0,001),
'g'?u'ggfn-ig’g”" CAT (p < 0,01)y GR (p < 0,05).
Estrés oxidativo. Conclusion: el presente estudio revela que el suplemento nutricional de propéleo al 2 % puede mejorar significativamente el perfil lipidic, el
Transaminasas. glucémico y las enzimas antioxidantes, y reducir la liberacion de GOT y GPT hepaticas.

Abstract

Introduction: the use of natural nutritional supplements can be used as a coadjuvant therapy since they have several phytochemicals with
potential antioxidant effects that could influence lipid and glycemic metabolism.

Objectives: to determine the effect of natural propolis supplementation on lipid metabolism and liver antioxidant activity.

Material and methods: 20 male Wistar albino rats (8 weeks) were divided into two groups of 10 animals each. Subsequently, they were fed
two different types of diet for 90 days: a standard diet for the control group (diet C) and a standard diet + 2 % propolis (diet P). Hematological
and biochemical parameters were assessed. The livers were extracted and washed with saline solution, and the cytosolic fractions were prepared
fresh for additional analysis of antioxidant enzymes catalase, superoxide dismutase, glutathione peroxidase, and glutathione reductase.

Keywords: Results: after consuming the diet supplemented with propolis, we found a reduction in glucose (p < 0,01), total cholesterol (p < 0,001), GOT
R ) (p < 0,05) and GPT (p < 0,01), whereas the propolis supplement induced an increase in the hepatic activity of SOD (p < 0,001), CAT (p < 0,01)

Propolis. Lipid profile. and GR (p < 0,05)

Glycemic profile. i e ' ) ) o ‘ ‘ . ‘

Oxidative stress. Conclusion: the present study reveals that a dietary propolis supplement (2 %) can improve the lipid and glycemic profiles, also increasing

Transaminases. antioxidant enzimes and reducing the release of liver transaminases.

Recibido: 28/02/2020 e Aceptado: 24/04/2020

Agradecimientos: Jorge Moreno-Fernandez desea mostrar nuestro agradecimiento al Programa de
Doctorado Nutricion y Ciencias de los Alimentos.

Conflicto de intereses: Los autores declaran no tener ningun conflicto de interés. Co rresponden@a.
Javier Diaz-Castro. Departamento de Fisiologia e
Lishona-Gonzalez MJ, Reyes-Botella C, Mufioz-Soto E, Vallecillo-Rivas M, Moreno-Fernandez J, Diaz- Instituto de Nutricion y Tecnologia de los Alimentos
Castro J. Efecto positivo de un suplemento de propoleo sobre el perfil lipidico, la glucemia y el estado José Mataix. Centro de Investigacion Biomédica.
antioxidante hepatico en un modelo animal experimental. Nutr Hosp 2020;37(4):770-775 Parque Tecnoldgico de Ciencias de la Salud. Avda. del
Conocimiento, s/n. 18100 Armilla, Granada
DOI: http://dx.doi.org/10.20960/nh.03060 e-mail: javierdc@ugr.es

©Copyright 2020 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/).



EFECTO POSITIVO DE UN SUPLEMENTO DE PROPOLEQ SOBRE EL PERFIL LIPIDICO, LA GLUCEMIA'Y EL ESTADO 771

ANTIOXIDANTE HEPATICO EN UN MODELO ANIMAL EXPERIMENTAL

INTRODUCCION

MATERIAL Y METODOS

La acumulacion de grasa visceral generalmente resulta de
un desequilibrio energético que implica la combinacion de un
exceso de calorias de la dieta junto con un gasto energético
insuficiente. El aumento de la adiposidad visceral puede indu-
cir resistencia a la insulina y conducir a la diabetes mellitus
de tipo 2, la dislipidemia, la hipertension y la enfermedad
cardiovascular (1).

Las modificaciones del estilo de vida, en particular el manejo de
la dieta, pueden ser Utiles para controlar los factores de riesgo de
la diabetes y la enfermedad cardiovascular. El uso de suplementos
fitoterapicos se reconoce como terapia complementaria ya que
los compuestos fitoquimicos poseen efectos antioxidantes que
podrian mejorar la regulacion del metabolismo lipidico y glucé-
mico (2).

Muchos estudios han demostrado que el higado desempefia un
papel primordial en la regulacion de la homeostasis de la glucosa
durante el ayuno y el periodo posprandial. En este sentido, la
elevacion de las transaminasas se ve comunmente en la diabetes
mellitus de tipo Il, siendo la glutamil-oxaloacético-transaminasa
(GOT) y la glutamil-piruvato-transaminasa (GPT) marcadores fia-
bles de dafio hepético (3).

El propdleo es una sustancia resinosa de arboles y arbustos
silvestres que las abejas extraen con el fin de taponar herméti-
camente la colmena e impedir que se produzca dentro de ella
cualquier tipo de infeccion, manteniéndola asi aséptica. Su com-
posicion quimica es compleja y varia segun los cambios regiona-
les, estacionales y las fuentes vegetales que visitan las abejas. Los
constituyentes quimicos mas comunes del propoleo son principal-
mente flavonoides, compuestos fendlicos, acidos cafeoilquinicos,
derivados del acido cinamico, acido diterpenoico, lignano, acido
cumarinico y otros compuestos (4).

Ademas, el higado es un drgano central en la homeostasis del
organismo que esta expuesto a productos bacterianos, toxinas y
antigenos derivados de los alimentos, con una notable capacidad
para el metabolismo de &cidos grasos, tanto propios como proce-
dentes del tejido adiposo, influyendo asi en el metabolismo gluci-
dico y lipidico (5). El fallo hepatico causa consecuencias criticas
para la desintoxicacion de metabolitos, la sintesis de proteinas, el
metabolismo y el proceso digestivo (5). Las especies reactivas de
oxigeno (ERO) oxidan las proteinas celulares, los lipidos y los aci-
dos nucleicos, lo que conduce a dafio y disfuncion celular general
y puede iniciar la muerte celular a través de varias cascadas de
sefalizacion (6).

Teniendo en cuenta el papel clave del higado como regu-
lador de la glucemia y del metabolismo de los lipidos, y la
influencia del estrés oxidativo en el desarrollo de diversas
patologias, seria interesante evaluar el efecto de la suplemen-
tacion oral con una sustancia antioxidante capaz de disminuir
la agresion oxidativa y mejorar el perfil lipidico y glucémico.
Por lo tanto, el proposito del presente estudio fue determinar
si la suplementacion con propdleo natural puede ser eficiente
para regular el metabolismo lipidico y la actividad antioxidante
hepatica.

[Nutr Hosp 2020;37(4):770-775]

PROPOLEO

Las muestras de propoleo fueron suministradas por Verbiotech
| + D + i S.L. (Granada, Espafa). El andlisis de constituyentes
revela que contiene aproximadamente 50 % de resina y balsamo
vegetal, 30 % de cera, 10 % de aceites esenciales y aromati-
oS, 5 % de polen y 5 % de otros compuestos. Los flavonoides
son abundantes e incluyen la crisina, apigenina, luteolina, rutina,
morina, quercetina, myricetina, kaempferol, quercetina, galangina,
naringina, naringenina, hesperidina, daidzeina y genisteina.

ENSAYO DE COMPUESTOS FENOLICOS
TOTALES

Se pesd una muestra liofilizada de 0,5 g de prop6leo crudo
y se sometio a extraccion de productos fendlicos y flavonoides
con 50 ml de metanol acuoso al 80 % en un bafio ultrasonico
Modelo 2510 EMS (Hatfield, EE. UU.) durante 20 min. Una alicuota
(1 ml) de los extractos se centrifugd a 14.000 rpm durante 5 min.
El contenido fendlico total del propdleo se determind median-
te el ensayo de Folin-Ciocalteau (7). Los extractos se oxidaron
con el reactivo de Folin-Ciocalteu y la reaccion se neutralizd con
carbonato de sodio. La absorbancia del color azul resultante se
midi6 a 760 nm después de 60 min. El uso de 4cido galico como
contenido fenolico total estandar (la curva estandar se prepard
usando concentraciones de 2,5-50 mg/l) se expresé como mg
de equivalentes de acido galico (GAE)/100 g de peso fresco. Los
datos se obtuvieron por triplicado.

ENSAYO DE FLAVONOIDES TOTALES

El contenido total de flavonoides se midié mediante el ensayo
colorimétrico de cloruro de aluminio (8). Se afiadié una alicuota
(1 ml) de extractos (0,5 g de propéleo en 50 ml de metanol acuo-
s0 al 80 %) o solucién estandar de catequina (20, 40, 60, 80,
100 mg/l) a un matraz volumétrico con 4 ml de H,0 bidestilada.
Al matraz se afiadieron 0,3 ml de NaNO, al 5 %. Después de
5 min se afadieron 0,3 ml de AICI, al 10 %. Al sexto minuto se
afiadieron 2 ml de solucion de NaOH 1 My el volumen total
se completd hasta 10 ml con H,0 bidestilada. La solucion se
mezcld bien y se midio la absorbancia frente al blanco a 510 nm.
El contenido total de flavonoides se expresé en mg de equiva-
lentes de catequina (CE)/100 g de masa fresca. Las muestras se
analizaron por triplicado.

ANIMALES, DISENO EXPERIMENTAL Y DIETAS

Para este estudio se utilizaron veinte ratas albinas Wistar
macho (8 semanas de edad), con un peso medio de 215+ 10 g,
obtenidas en el Servicio de Animales de Laboratorio de la Univer-
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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. Las ratas se dividieron en dos grupos
de 10 animales cada uno y se sometieron a un periodo de 90
dias en el que se alimentaron con dos tipos diferentes de dietas:
una dieta estandar AIN-93M (9) para el grupo de control (dieta
C) y dieta AIN-93M + 2 % de propoleo para el grupo de propdleo
(dieta P). La tabla | muestra la composicion de las dietas experi-
mentales. Los animales se colocaron en jaulas metabdlicas indi-
viduales en una habitacion ambientalmente controlada con una
temperatura constante de 22 + 1 °C, un ciclo de luz-oscuridad de
12 hyun 55 + 10 % de humedad. La dieta y el agua bidestilada
estaban disponibles ad libitum. En el dia 90, todos los animales
fueron sometidos a un periodo de ayuno durante la noche y luego
anestesiados por inyeccion intraperitoneal de 5 mg de pentobar-
bital sadico/100 g de peso corporal (St Louis, MO, EE. UU.). Los
animales se desangraron completamente mediante canulacion
aortica y se analizaron alicuotas de sangre con EDTA para medir
los parametros hematoldgicos y bioquimicos. El resto de la sangre
se centrifugd (1500 x g, 4 °C, 15 min) sin anticoagulante para
separar los glébulos rojos del suero y el posterior andlisis del Fe,
la TIBC, la ferritina y la hepcidina. Se extrajeron los higados, se
lavaron con solucion salina y las fracciones citosdlicas se prepa-
raron frescas el mismo dia mediante centrifugacion diferencial
con hemolisis hipotdnica y centrifugaciones diferenciales suce-
sivas segun el método de Hanahan y Ekholm (10), preservando
estas fracciones citosolicas a -80 °C para andlisis adicionales de
las enzimas antioxidantes catalasa (CAT), superoxido-dismuta-
sa (SOD), glutation-peroxidasa (GPX) y glutation-reductasa (GR).
El contenido de proteinas en las fracciones citosolicas se midio
siguiendo el método descrito por Lowry y cols. (11).

Tabla I. Dietas ensayadas

PPE
Componente Cantidad (g/kg)
Dieta AIN 93 M?
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 con propdleo (dieta P) se le agregd un 2 % de propdleo
(que contenia 168,7 + 3,9 mg de GAE/100 g como compuestos fendlicos
totales y 31,7 + 1,1 mg de CE/100 g como flavonoides totales). °Fl
suplemento mineral se prepard de acuerdo con las recomendaciones del
Instituto Americano de Nutricidn (9). °El suplemento vitaminico se preparo
segun las recomendaciones del Instituto Americano de Nutricion (9).
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PARAMETROS BIOQUIMICOS

La glucosa, la urea, la creatinina, el colesterol total, los triglicé-
ridos, la glutamil-oxalacético-transaminasa (GOT), la glutamil-pi-
ruvato-transaminasa (GPT), la fosfatasa alcalina y la amilasa se
determinaron utilizando kits comerciales (Spinreact, Barcelona,
Esparia) y siguiendo las instrucciones del fabricante.

DETERMINACIONES HEMATOLOGICAS

Todos los parametros hematoldgicos estudiados se midieron
utilizando un analizador de hematologia automatico Mythic 22CT
(C2 Diagnostics, Grabels, Francia).

HIERRO SERICO, CAPACIDAD DE UNIO’N
TOTAL DE HIERRO (TIBC) Y SATURACION
DE TRANSFERRINA

Para calcular la tasa de saturacion de transferrina se determi-
naron la concentracion sérica de Fe y TIBC utilizando los reactivos
Sigma Diagnostics Iron y TIBC (Sigma-Aldrich Co., St. Louis, Mis-
souri, EE. UU.). La absorbancia de las muestras se leyd a 550 nm
en un lector de microplacas (Bio-Rad Laboratories Inc., Hercules,
California, EE. UU.). El porcentaje de saturacion de transferrina se
calculd usando la ecuacion: Saturacion de transferrina (%) = con-
centracion sérica de Fe (pg/l) / TIBC (ug /L) x 100.

FERRITINA SERICA

La concentracion de ferritina en suero se determind usando el
kit Rat Ferritin ELISA (Biovendor Gmbh, Heidelberg, Alemania). La
absorbancia de la reaccion se determind a 450 nm usando un
lector de microplacas (Bio-tek, Vermont, EE. UU.). La intensidad
de color desarrollada fue inversamente proporcional a la concen-
tracion de ferritina sérica.

HEPCIDINA SERICA

La hepcidina 25 se determind usando un kit DRG ELISA (DRG
Instruments GmbH, Alemania). Este kit es un ensayo inmunoabsor-
bente ligado a enzimas en fase solida (ELISA), basado en el princi-
pio de la union competitiva. Los pocillos de microtitulacion estaban
recubiertos con un anticuerpo monoclonal (de raton) dirigido hacia
un sitio antigénico de la molécula de hepcidina-25. Después de la
incubacion, el conjugado no unido se retird por lavado y se afiadio
un complejo de enzima estreptavidina-peroxidasa a cada pocillo.
Después de la incubacion, el complejo de enzima no unido se
separd por lavado y se afiadio el sustrato. La reaccion se detuvo
con la solucion de detencion y la microplaca se leyd a 450 nm con
un lector de placas ((Bio-Rad Laboratories Inc., Hercules, California,
EE. UU.). La intensidad del color desarrollada es inversamente pro-
porcional a la concentracion de hepcidina en la muestra.

[Nutr Hosp 2020;37(4):770-775]



EFECTO POSITIVO DE UN SUPLEMENTO DE PROPOLEQ SOBRE EL PERFIL LIPIDICO, LA GLUCEMIA'Y EL ESTADO

ANTIOXIDANTE HEPATICO EN UN MODELO ANIMAL EXPERIMENTAL

ANALISIS ESTADISTICO

Los datos se muestran como medias + error estandar de la
media (SEM). Los analisis estadisticos se realizaron con el progra-
ma informatico SPSS (version 25.0, 2013, SPSS Inc., Chicago, llli-
nois, EE. UU.). Las diferencias entre el grupo alimentado con dieta
de control (C) y el suplementado con propdleo (P) se evaluaron con
la prueba de la t de Student. Se establecio el nivel de significacion
en el valor de p < 0,05. Se realizé un analisis 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 parametros
hematoldgicos entre las dietas. De forma similar, se requeririan
7 animales por grupo para obtener una diferencia del 10 % en
los parametros bioquimicos entre las dietas. Para garantizar la
potencia estadistica, se usaron 10 ratas por grupo.

ACTIVIDADES DE ENZIMAS ANTIOXIDANTES
HEPATICAS

La actividad de la superdxido-dismutasa (SOD) se determind
de acuerdo con el método de Crapo y cols. (12), basado en la
inhibicion de la reduccion del citocromo ¢, medido por espec-
trofotometria (Thermo Spectronic, Rochester, EE. UU.) a 550 nm.

La actividad de catalasa (CAT) se determind siguiendo el método
descrito por Aebi (13), monitorizando a 240 nm por espectrofoto-
metria (Thermo Spectronic, Rochester, EE. UU.) la descomposicion
del H,0, como consecuencia de la actividad catalitica de CAT.

La actividad de la glutation peroxidasa (GPx) se midi6 por el méto-
do de Flohé y Gunzler (14), basado en la formacion instantanea de
glutation oxidado durante la reaccion catalizada por la glutation-pe-
roxidasa. La oxidacion de NADPH a NADP+ se controld espectro-
fotométricamente (Thermo Spectronic, Rochester, EE. UU.) a 340 nm.

La actividad de la glutation-reductasa (GR) se determiné uti-
lizando el método de Worthington y Rosemeyer (15), basado en
la oxidacion de NADPH a NADP, catalizada por una concentra-
cion limitante de GR. En esta reaccion, la reduccion del glutation
oxidado se determing indirectamente midiendo el consumo de
NADPH espectrofotométricamente a 340 nm (Thermo Spectronic,
Rochester, EE. UU.).

RESULTADOS

Después de la ingesta de la dieta C o P, no se encontraron
diferencias significativas en los parametros hematoldgicos estu-
diados (Tabla ).

El suplemento de propdleo indujo una reduccion de la glucosa
(p < 0,01), el colesterol total (p < 0,001), la GOT (p < 0,05)
y la GPT (p < 0,01), en comparacion con el grupo control (sin
propoleo) (Tabla ).

Tras el consumo de la dieta con suplemento de propdleo,
encontramos un incremento en la actividad hepatica de la SOD
(p < 0,001), CAT (p < 0,01) y la GR (p < 0,05) en comparacion
con el grupo control (Tabla IV).

[Nutr Hosp 2020;37(4):770-775]
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Tabla Il. Parametros hematoldgicos en
ratas alimentadas con dieta control o
suplementada con propdleo

Dieta C Dieta P
(n=10) (n=10)
Sangre total
Concentracion de Hb (g/L) 121,27 2,81 | 122,35 + 2,36
Eritrocitos (10"%/L) 7,03+0,21 711+0,32
Hematocrito (%) 40,88 +1,12 | 41,07 1,26
VCM (fL) 54,38 +0,49 | 55,43 + 0,54
HCM (pg) 19,81 +0,17 | 18,88 £0,43
CHCM (g/dL) 35,01 +0,32 | 34,65+0,57
ADE (%) 16,31 £0,34 | 15,87 +0,39
Plaquetas (10%L) 761 £74,02 | 756 = 71,21
Globulos blancos (109/1) 8,56 = 0,37 8,67 0,76
Linfocitos (10%/mL) 7,75 £ 0,51 7,67 +0,63
Suero

Fe (ug/L) 1332 + 88,53 | 1325 + 58,50
TIBC (ug/L) 2677 =165 | 2521 £165
Saturacion de Tf (%) 47,83+ 3,75 | 46,48 +3,25
Ferritin (ug/L) 79,01 £2,12 | 78,98 2,59
Hepcidina (ng/mL) 15,89 + 0,53 | 14,93 + 0,61

Hb: hemoglobina, VCM: volumen corpuscular medio; HCM: Hb corpuscular
media; CHCM: concentracon de Hb corpuscular media; ADE: ancho de
distribucion de eritrocitos; Tf: Transferrina; TIBC: Capacidad total de fijacion al
Fe. *Diferencias estadisticamente significativas del grupo control ( < 0,001,

test de lat de Student).

Tabla Ill. Parametros bioquimicos en
ratas alimentadas con dieta control o
suplementada con propodleo

Dieta C Dieta P

(n=10) (n=10)
Glucosa (mg/dL) 126,12 + 6,11 98,46 + 5,91
Urea (mg/dL) 31,12 +2,87 32,35+ 3,85
Creatinina (mg/dL) 0,567 +0,14 0,62 +0,15
Colesterol total (mg/dL) 85,3 +6,2 60,1 = 6,9
Triglicéridos (mg/dL) 77,61 +7,23 75,8 = 7,54
GOT (UL 125,21 +9,14 | 103,67 + 10,24*
GPT (UL 33,11 +£2,98 25,24 £ 311**
Fosfatasa alcalina (IU/L) 407,54 = 30,24 | 41112 +31,76
Amilasa (IU/L) 1811 + 188 1875+ 176

*Diferencia estadisticamente significativa del grupo C (p < 0,05).
**Diferencia estadisticamente significativa del grupo C (p < 0,01).
***Diferencia estadisticamente significativa del grupo C (p < 0,001).
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Tabla IV. Enzimas antioxidantes hepaticas
(U/mg proteina) en ratas alimentadas
con dieta control o suplementada con

propoleo
Dieta C Dieta P
(n=10) (n =10)
SOD 1,003 = 0,185 1,956 + 0,134***
CAT 10,123 + 0,628 12,395 + 0,636
GPx 0,820 + 0,064 0,881 + 0,071
GR 26,445 + (0,886 28,445 + 0,714*

*Diferencia estadisticamente significativa del grupo C (p < 0,05).
**Diferencia estadisticamente significativa del grupo C (p < 0,01).
**Diferencia estadisticamente significativa del grupo C (p < 0,001).

DISCUSION

En el estudio actual, hemos encontrado que el propdleo tuvo
un efecto significativo, reduciendo los niveles de colesterol total y
la glucemia, mientras que produjo un incremento de las enzimas
antioxidantes hepaticas y una reduccion en las transaminasas, sin
embrago no tuvo ninglin efecto sobre los parametros hematoldgi-
cos estudiados, en comparacion con el grupo control.

El propdleo es efectivo para reducir la glucemia por dife-
rentes mecanismos. Aga y cols. (16) han encontrado que el
extracto de propdleo inhibe la resistencia a la insulina de adi-
pocitos diferenciados /n vitro. Estos resultados sugieren que el
extracto de propdleo puede regular el metabolismo glucémi-
co y lipidico, ademas de mejorar la sensibilidad a la insulina.
Adicionalmente, otro estudio sugiere que el propoleo evita el
desarrollo de resistencia a la insulina inducida en animales de
experimentacion que consumen elevadas cantidades fructosa
(17). La mejora del perfil glucémico y presion arterial inducida
por el propdleo es atribuible al acido cafeoilquinico, uno de los
principales componentes bioactivos de esta sustancia natural
(18). Adicionalmente, Ueda y cols. (19) mostraron que el propo-
leo tiene el potencial de prevenir la hiperglucemia a través de
la promocion de la translocacion del transportador GLUT4 en el
musculo esquelético.

Por otro lado, un estudio inform¢ que la administracion de propd-
leo redujo la proteina HMG-CoA reductasa, lo que sugiere que inhi-
bi6 la sintesis de colesterol hepética (20). Otro posible mecanismo
para reducir el colesterol total podria atribuirse a los compuestos
resinosos presentes en el propdleo (21). Estos compuestos actian
como quelantes de las sales biliares en el intestino, aumentando asi
su eliminacion fecal. Esto podria dar como resultado un aumento
de la sintesis de sales biliares hepaticas a partir del colesterol para
compensar las mayores pérdidas a través de la circulacion ente-
rohepatica de las sales biliares. La combinacion de estos efectos
podria explicar el efecto hipocolesterolémico del propdleo. Otro
estudio mostré que los polifenoles como del propoleo reducen los
triglicéridos plasmaticos después del consumo de una dieta alta en
grasas (22). Ademas, algunos componentes del propdleo atentian la
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acumulacion de grasa a través de la represion del receptor activado
por proliferadores de peroxisomas gamma (PPARy) en los adipocitos
(20). Se ha demostrado que el agonista PPARy aumenta la masa
de tejido adiposo en ratas Wistar alimentadas con una dieta alta
en grasas (23). Estos datos sugieren que PPARy juega un papel
importante papel en el tejido adiposo y su reduccion por el suple-
mento de propdleo puede estar involucrado en la disminucion de
acumulacion de grasa.

Uno de los indices mas comunes para evaluar la funcion hepa-
tica son las transaminasas (24). La disminucion marcada de estas
dos aminotransferasas con el suplemento de propéleo indica que
hay una menor liberacion de las transaminasas intracelulares
hepaticas a la circulacion, en comparacion con la dieta control
(25). Sin embargo, hay que tener en cuenta que las enzimas
hepaticas GOT y GPT, son marcadores frecuentemente utilizados
para medir el dafio hepatocelular y son muy Utiles en el contexto
de investigacion con modelos animales, pero su valor al analizar el
efecto de una intervencion en higados no patoldgicos es limitado.
En este sentido, seria interesante validar cambios en los valores
de estas enzimas en un modelo experimental de dario hepatoce-
lular. Este trabajo pretende servir de modelo experimental basal
para futuras lineas en las que evaluar el efecto de suplemento de
propdleo (esteatosis, hiperlipidemia).

Por otra parte, la prevencion del estrés oxidativo es un meca-
nismo clave para proteger el higado de las lesiones inducidas
por diversas sustancias. Para dilucidar el mecanismo del efecto
protector del propoleo, determinamos SOD, CAT, GR y GPx, como
indices para evaluar el estrés oxidativo (26). Las SOD cataliza la
eliminacion del anion superdxido y generan oxigeno molecular y
perdxido de hidrogeno (27). En nuestro estudio, el suplemento de
propodleo aumento significativamente las actividades de SOD, CAT
y GR. Estos hallazgos sugieren que el tratamiento con propdleo
redujo el estrés oxidativo hepatico, activando las enzimas antioxi-
dantes. La actividad antioxidante del propdleo puede atribuirse
al alto contenido de compuestos fenolicos y flavonoides en esta
sustancia natural (28), hecho que incide de manera positiva en
el aumento de las enzimas antioxidantes y la reduccion de la
liberacion de transaminasas hepaticas.

CONCLUSION

El presente estudio revela que el suplemento nutricional de
propoleo al 2 % puede mejorar significativamente el perfil lipidico
y glucémico, las enzimas antioxidantes y reducir la liberacion de
GOT y GPT hepéticas.
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Abstract

Introduction: sarcopenia is a disease characterized by reduced musculoskeletal tissue and muscle strength. The estimation of appendicular
lean soft tissue by DXA (ALST,,) is one of the criteria for the diagnosis of sarcopenia. However, this method is expensive and not readily avaiable
in clinical practice. Anthropometric equations are low-cost and able to accurate predict ALST, but such equations have not been validated for
male Brazilian older adults between the ages of 60 to 79 years. To this end, this study sought to validate the existing predictive anthropometric
equations for ALST, and to verify its accuracy for the diagnosis of sarcopenia in male Brazilian older adults.

Methods: this cross-sectional study recruited and enrolled 25 male older adults (69.3 + 5.60 years). ALST ,, and anthropometric measures
were determined. ALST estimations with 13 equations were compared to ALST .. The validity of the equations was established when: p > 0.05
(paired t-test); standard error of the estimate (SEE) < 3.5 kg; and coefficient of determination r2 > 0.70.

Results: two Indian equations met the criteria (Kulkarini 1: 22.19 + 3.41 kg; p = 0.134; r2 = 0.78; EPE = 1.3 kg. Kulkarini 3: 22.14 + 3.52
kg; p = 0.135; r2 = 0.82; SEE = 1.2 kg). However, these equations presented an average bias (Bland-Altman: 0.54 and 0.48 kg) and ‘false
negative’ classification for the ALST index. Thus, three explanatory equations were developed. The most accurate equation demonstrated a high
level of agreement (r2adi = 0.87) and validity (12, = 0.83), a low predictive error (SEE,... = 1.53 kg), and an adequate ALST classification.

Conclusion: anthropometric models for predicting ALST are valid alternatives for the diagnosis and monitoring of sarcopenia in older adults;
however, population specificity affects predictive validity, with risks of false positive/negative misclassification.
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Resumen

Introduccion: la sarcopenia es una enfermedad caracterizada por una reduccion del tejido musculoesquelético y la fuerza muscular. Uno de los
criterios utilizados para su diagndstico es la determinacion de tejido blando magro apendicular por DXA (TBMA,, ), método costoso que no siempre
esta disponible en la préctica clinica. Las ecuaciones antropométricas suponen un bajo coste y predicen bien el TBMA, pero con una validez
desconocida para los varones brasilefios de 60 a 79 afios. Por lo tanto, nuestro objetivo fue validar las ecuaciones antropométricas existentes
predictivas del TBMA y verificar su precision para el diagnéstico de sarcopenia en varones brasilefios de edad avanzada.

Métodos: participaron en este estudio transversal 25 hombres de edad avanzada (69,3 + 5,60 afios). Se determinaron el TBMA,,, v las medidas
antropometricas. Las ecuaciones predictivas del TBMA se compararon con el TBMA .. La validez de las ecuaciones en las comparaciones se
confirmé cuando: p > 0,05 (prueba de la “t” pareada); error estandar estimado (EEE) < 3,5 kg; coeficiente de determinacion r2 > 0,70.

Resultados: dos ecuaciones indias cumplieron los criterios (Kulkarini 1: 22,19 + 3,41 kg; p = 0,134; r2 = 0,78; EEE = 1,3 kg. Kulkarini 3:
22,14 + 3,52 kg; p=0,135; r2 = 0,82; EEE = 1,2 kg). Sin embargo, presentaron sesgo promedio (Bland-Altman: 0,54 y 0,48 kg) y clasificacion
de ‘falso negativo’ para el indice de TBMA. Por lo tanto, se crearon tres ecuaciones explicativas. La ecuacion mas precisa mostré un alto acuerdo
(", §= 0,87), uma alta validez (12, = 0,83), um bajo error predictivo (EEE,.. = 1,53 kg) y uma clasificacion del TBMA adecuada.

Conclusion: los modelos antropométricos para predecir el TBMA son alternativas validas para el diagnéstico y el seguimiento de la sarcopenia en
los ancianos. Pero la especificidad de la poblacion afecta a su validez predictiva, con riesgos de incorreccion por clasificacion falsa positiva/negativa.

INTRODUCTION

The older adult population is increasing in developed and devel-
oping countries. The World Health Organization estimates that by
2050 20 % of the world’s population will consist of individuals
over the age of 65 years (1). This poses a challenge to the society
and the healthcare system as aging-related conditions such as
sarcopenia, malnutrition or cachexia are on the rise. Such condi-
tions are strongly associated with functional limitations resulting
from loss of muscle mass. Among the referred conditions, special
attention should be paid to sarcopenia, a disorder (2) registered in
the International Classification of Diseases with the code M62.84.
Sarcopenia is defined as a generalized, progressive disfunction
of skeletal muscle tissue, which is characterized by a reduction
of muscle strength and muscular structure (3), with a preva-
lence of 17 % among Brazilian older adults (4). In older adults
the negative consequences associated with sarcopenia include,
but are not limited to, motor dependence, increased risk of falls,
fractures, cognitive impairment, and premature death (5).

The established consensus for the identification of sarcope-
nia (3,5-10) takes into consideration morphological aspects and
reduced appendicular lean soft tissue (ALST), functional respons-
es with an impact on motor performance (3,6-10) and muscle
strength (3,7). Muscle tissue estimation may be measured using
imaging techniques such as magnetic resonance imaging, com-
puted tomography, ultrasound, and dual-energy x-ray absorptiom-
etry (DXA) (3). However, these modalities are associated with high
costs, high levels of radiation exposure (tomography), requirement
of adequate space, specialized personnel, and longer time for
evaluation. Thus, their use is restricted to specialist hospital and
clinical settings (11). Further, these techniques are not always
viable in estimating ALST for the diagnosis of sarcopenia, accord-
ing to established consensus criteria. However, there are several
advantages to the use of DXA, including: observer independence,
fast and accurate total body measurements, and lower costs and
exposure to radiation (12). With DXA, ALST is measured with great
accuracy, as composed of lean mass free of fat and bone from
the upper and lower limbs, the use of which by consensus is
shown in table I.

[Nutr Hosp 2020;37(4):776-785]

Table I. Different approaches
to the Appendicular Lean Soft Tissue
(ALST) or its Index (ALSTI), according
to the international consensus diagnosis
of sarcopenia

Institution Sarcopenia Indicator
ALST
FNIH
ALST/BMI

IWGS ALSTI = ALST/stature?
SCWD ALSTI = ALST/stature?
ESPEN -

EWGSOP ALSTI = ALST/stature?

FNIH: Foundation for the National Institutes of Health, IWGS: International
Working Group on Sarcopenia; SCWD: Society of Sarcopenia, Cachexia

and Wasting Disorders; ESPEN: European Society for Clinical Nutrition and
Metabolism Special Interest Group on cachexia/anorexia in chronic wasting
diseases; EWGSOP: European Working Group on Sarcopenia in Older People;
ALST: appendicular lean soft tissue (kg); ALSTI: appendicular lean soft tissue
index (kg/n¥); BMI: body mass index (kg/n¥). Stature in n?.

The first anthropometric equation developed to predict ALST
for the diagnosis of sarcopenia was based on the DXA scores of
adult-older Americans (13). The idea was to propose a strategy to
be used in epidemiological approaches, when DXA was not readily
avaiable. Later, predictive equations were proposed for Danish old-
er women (14), for Australian older adults of both sexes (15), and
for Indian (16), Chilean (17), and Mexican (18) adults. Brazilian
equations for individuals over the age of 60 were developed (19)
when the validaty of previous equations failed, such as those by
Baumgartner et al. (1998) and Tanko et al. (2002). However, these
involved only physically active women, like most studies of this
nature. One Brazilian study was found that proposed equations for
older adults, but the sample comprised individuals of both sexes
over 80 years of age (20). In addition, the study reported a trend
(p < 0.05) for ALST as compared to DXA. To this end, to the best of
our knowledge, no studies were found to verify the validity of such
equations for Brazilian male subjects aged 60 to 79 years of age.
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The validity of anthropometric equations is important as it rep-
resents an alternative method/approach to DXA, which is relatively
expensive and involves a greater complexity of execution, thus being
impractical for epidemiological studies. On the other hand, anthro-
pometry involves simpler and lower-cost measurements (21). Thus,
this study sought to validate and examine the accuracy of the exist-
ing anthropometric equations developed to predict ALST in male
Brazilian older adults between the ages of 60 and 79 years. Our
hypothesis is that the validity of existing anthropometric equations
may fail for elderly Brazilians, impacting the appropriate diagnosis of
sarcopenia. We believe that early diagnosis and appropriate disease
monitoring may favor more efficient interventions and more effective
monitoring, thus reducing the condition’s adverse effects.

MATERIAL AND METHODS

STUDY POPULATION

This cross-sectional study involved a convenience sample of 25
male older adults. This manuscript followed the guidelines from
the Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) conference list, and the completed checklist
follows attached.

Participants in this study were involved in: a) health services at
the University of S&o Paulo Clinical Hospital in Ribeirdo Preto, Brazil
(HC-FMRP/USPY); b) the Physical Activity for Seniors program at the
School of Physical Education and Sports in Ribeirdo Preto (EEF-
ERP/USP); and c) Projeto Fragilidade (Fragility Project) developed
by FMRP/USP. Data collection was conducted from July 2016 to
August 2017. Inclusion criteria included: a) between 60 and 79
years of age; b) able to walk independently; ¢) no amputated limbs;
d) free of unstable cardiovascular diseases and other conditions
such as acute infections, tumors, and back pain; €) no knee or hip
prostheses, no body weight loss greater than 3 kg in the previous 3
months; f) able to perform the proposed battery of tests, and g) par-
ticipants were excluded if unable to complete the testing protocol,
presented with uncontrolled chronic diseases, had stroke sequelae,
or voluntarily decided to no longer participate in the study.

To ensure data quality a sample size calculation was performed
to define the desired maximum error () and degree of confidence
(Zy), with previous knowledge of the population’s variability (o?)
(22). The variability of the ALST index was used as a reference
in a multiethnic study of different populations (23). The highest
variance used was observed for the ALST index of men over the
age of 18 (SD = 2.35 Kkg). From the predetermined estimated
error (€ < 1.0 %) and confidence interval (y = 0.95), the ideal
sample size for our study (n = 22) was defined by the equation:
n = [ZySD / €]? (22). The minimum number of participants was
reached (n = 25) even after applying the exclusion criteria.

Our study is in agreement with the Helsinki declaration. All
participants were informed about the objectives of the study, and
signed an inform consent form prior to data collection. The study
protocol was approved by the Ethics Committee of EEFERP/USP
(CAAE n° 54345016.6.0000.5659).

A. C. R. Venturini et al.

DETERMINATION OF APPENDICULAR LEAN
SOFT TISSUE (ALST) USING DXA

Appendicular lean soft tissue was measured using DXA
(ALST,; Hologic® scanner, model QDR4500W; software version
11.2, Bedford, MA, USA). ALST, was treated as a dependent
variable, and was obtained by summing upper and lower limb
LSTs as obtained by a total and regional body scan. The equip-
ment was calibrated every morning before measurements by the
same technician, in accordance with the manufacturer’s instruc-
tions. Participants were instructed to remove metallic objects (e.g.,
earrings, bracelets, rings, removable piercings) and wear a hospi-
tal gown, when necessary. They were positioned in a supine posi-
tion, centered on the scanner table, with their lower limbs secured
by Velcro strips. Their hands remained open, with palms resting
laterally on the examination table, and arms extended along the
body (within the sweep lines of the table). Image alignment adjust-
ments were made following the anatomical references of the body
regions. The entire procedure was performed by a specialized
technician following the manufacturer’s recommendations (24).

MEASUREMENTS

Anthropometric and muscle strength measures were necessary
for the equations in order to predict ALST. Measures included:
body mass (kg); stature (cm); girth (cm) of the arm, calf, waist and
hip; skinfolds (mm) of biceps, triceps, subscapular, and suprailiac,
and knee height (cm). All measurements followed conventional
international standardization (25).

BMI (kg/m?) was calculated and classified according to Lip-
schitz (26). The corrected arm muscle area (AMA,) in cm? was
calculated using the equation proposed by Heymsfield, McMa-
nus, Smith, Stevens and Nixon (27). To predict the ALST from the
American, Chilean and Mexican equations, it was also necessary
to determine handgrip strength (HS). This was measured using
an analogic handheld dynamometer (Jamar®, model 5030J1). HS
assessment procedures were conducted according to the recom-
mendations proposed by the American Society of Hand Therapists,
provided by Massy-Westropp et al. (28). Thus, the largest of three
attempts at one-minute intervals was recorded.

PREDICTIVE ANTHROPOMETRIC EQUATIONS
OF ALST

Thirteen ALST predictive equations developed for American
(BAUMGARTNER et al., 1998; SANTOS et al., 2019), Australian (VISVA-
NATHAN et al., 2012), Brazilian (GOMES et al., 2013), Indian (KULKAR-
Nl et al., 2013), Chilean (LERA et al., 2014), and Mexican (RAMIREZ
etal.,, 2015) individuals were compared against the obtained ALST .
The search to include these equations met the following criteria; stud-
ies published between 1998 and 2019; studies using older adults in
their sample. Of note, studies involving only young individuals were
not included. We further adopted the following keywords during the
search: equations, appendicular lean soft tissue, older, aging, DXA. The
equations used in our study are described in table II.

[Nutr Hosp 2020;37(4):776-785]
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STATISTICAL ANALYSIS

A descriptive analysis was used to describe the sample and
ALST estimates by predictive equations. A confidence interval
(95 % Cl) was used to indicate the estimate reliability (%). The
normality of the data was verified using the Shapiro-Wilk test.
The validity of the equations was tested based on the criteria
proposed by Lohman (29): a) no statistically significant differences
(b > 0.05) from the ALST values referenced in the DXA using a
paired t-test; b) standard error of the estimate (SEE) < 3.5 kg
between predicted (equations) and measured (DXA) values; and
¢) coefficient of determination r2 > 0.70 in the estimates. Because
the diagnosis of sarcopenia requires an adequate estimation of
ALST, a Bland-Altman plot (30) was used to identify the degree of
agreement between measured and predicted values. Valid predic-
tive models of the ALST index (ALSTI) were tested for the diagno-
sis of sarcopenia (< 7 kg/m?) according to the current cutoff points

A. C. R. Venturini et al.

proposed by the EWGSOP (3). The cases of sarcopenia diagnosed
by DXA were compared with the diagnoses made with the valid
equations to verify predictive accuracy. In case of disagreement an
explanatory regression model would be proposed using stepwise
multiple regression. If the new equation demonstrated predictive
potential for ALST, the assumptions of reduced multi-colinearity
and variance inflation factor (VIF) lower than 10 would be con-
sidered (31). Statistical analyses were performed using the SPSS
software, version 20 (Chicago, IL, USA). The plots were created
using MedCalc® 2015 (v.15.2) and the PRESS statistics using
Minitab® (v.17.3.1). Statistical significance was set at o = 5 %.

RESULTS

The mean values of the variables were within the 95 % Cl
(Table Ill) with small amplitude. This suggests more reliable val-

Table lll. Descriptive analysis and normality test (Shapiro-Wilk) of body composition,
anthropometric variables, and handgrip strength of Brazilian older males

Shapiro-Wilk
Variables Mean (SD) 95 % ClI
p-value

Characterization

Age (years) 69.28 (5.6) 66.97 to 71.59 0.967 0.562

ALST (kg) 21.65 (3.8) 20.08 t0 23.23 0.926 0.071

ALSTI (kg/m?) 7.98 (1.0) 7.57 10 8.38 0.963 0.473

Fat mass (kg) 21.92 (6.9) 19.07 t0 24.77 0.973 0.715

Weight (kg) 74.98 (13.2) 69.55 to 80.41 0.970 0.638

Stature (cm) 169.36 (7.4) 166.31 t0 172.41 0.945 0.190

BMI (kg/m?) 26.08 (3.7) 24.53 10 27.63 0.937 0.127

HS (kg) 37.32(8.9) 33.68 t0 40.96 0.991 0.998
Circumferences (cm)

Arm 29.18 (3.3) 27.811030.55 0.972 0.701

Waist 92.38 (11.8) 87.511097.25 0.963 0.477

Hip 97.24 (6.4) 94.59 t0 99.89 0.971 0.662

Calf 36.42 (3.1) 35.131037.71 0.980 0.894

Knee height (cm) 53.94 (2.6) 52.87 t0 55.01 0.922 0.058
Skin folds (mm)

Biceps 8.40 (3.4) 7.02109.78 0.950 0.248

Triceps 15.08 (5.9) 12.64 10 17.52 0.979 0.862

Subscapular 23.56 (8.6) 20.00to 27.12 0.949 0.235

Suprailiac 19.64 9.7) 15.63 0 23.65 0.947 0.216
Derivatives

LOG (mm) 1.79(0.2) 1.71t01.87 0.890 0.011

AMBc (cm?) 38.16 (11.6) 33.37 10 42.95 0.908 0.027

SD: standard deviation, Cl: confidence interval; ALST: appendicular lean soft tissue; ALSTI: appendicular lean soft tissue index: ALST[kg/Stature?[m]; BMI: body mass
index: Weight[kg/StatureZ : TS: triceps skinfold; LOG: logarithm of the sum of the biceps, triceps, subscapular and suprailiac skinfolds, all in mm; AMBc: arm muscle

[mp

area, corrected: [Arm C/rcumference[m]

—(m* TS:M )2/ 4 *m—10[27]; m: 3.14; HS: handgrip strength.
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ues of the parameters. BMI values indicated that, in general, the
25 older adults presented with adequate body weight, and nor-
mal weight (between 22 and 27 kg/m?). However, the minimum
(17.48 kg/m?) and maximum (31.08 kg/m?) values indicated the
presence of older adults being classified as below (BMI < 22 kg/
m?) and above (BMI > 27 kg/m?) the normal weight limits. The
data normality trend (Shapiro-Wilk) showed well-centered residual
values, with high potential for the use of linear regression or other
empirical interpretation analyses.

The predicted ALST mean values and criteria for validation of
the equations (difference test [t-test], standard error of the esti-
mate [SEE] and coefficient of determination [r?]) are shown in
table IV.

The Indian equations Kulkarni 1 and Kulkarni 3 met the criteria
proposed by Lohman (29) (Table IV). However, agreement with the
reference (ALST ) indicated some degree of bias by overestimat-
ing the ALST prediction (Fig. 1A and 1B).

For ALST values below 21 kg, the equations tended to over-
estimate the reference values (as measured by DXA). For older
adults with higher ALST (> 21 kg), the tendency of underestima-
tion of the reference values was greater. To ensure the practical
application of the equations, a simulation with the older adults
data from this study was performed. We consider the ALSTI cutoff
point proposed by the EWGSOP of 7.0 kg/m? for men to identify
low muscle quantify (3). The Kulkarni 1 and Kulkarni 3 equations
misclassified 33 % of the tested cases (4 cases) as compared to
ALST,, (6 cases). Thus, although the equations met the criteria

proposed by Lohman (29) they indicated a bias in the estimate,
compromising the diagnosis.

Given this problem, anthropometric equations were proposed to
predict ALST (Table V). The assumptions for proposing and validat-
ing new models considered: analysis of the accuracy of explan-
atory variables, statistical and biological relationships within and
between variables (explanatory and response variables), structur-
ing of the statistical methods used to formulate the equation from
sample size, and inter-colinearity between response variables and
homoscedasticity of results (32). Once these recommendations
were met, three new anthropometric equations were generated
using linear regression analyses. The new equations were able to
explain the variance of the ALST with high significance (p < 0.01
and “p < 0.001).

The cross validation method was applied to the new equations
using PRESS statistics (sum of the squares of the residuals) (33).
This method has been shown to be effective in these compari-
sons (34,35). Only equations 2 and 3 met the proposed criteria
(p > 0.05; SEE < 3.5 kg; r2 > 0.70) as observed in table V. Further-
more, these equations did not present multi-colinearity (VIF < 10)
or average polarization in the Bland-Altman plot (Fig. 1C and 1D).

The practical simulation was again tested for our equations 2
and 3 using the same cut-point (ALSTI < 7.0 kg/m?) (3) previously
adopted. Equation 2 presented the same classification error of
Kulkarni 1 and Kulkarni 3, in identical inverse proportion (-33 %)
of misclassification. That is, there was a misdiagnosis with the
result (i.e., ‘false positive’). In the other hand, for equation 3 the

Table IV. Validity of appendicular lean soft tissue (ALST)-predictive anthropometric
equations for males aged 60 to 79 years

Validation for this study sample
ALST predictive equation (kg) Mean (SD)

t paired (p) SEE (kg) r2
Baumgartner 1 22.6 -2.948 (0.007) 1.96 0.71
Visvanathan 1 24.2 -7.131 (< 0.001) 3.27 0.61
Visvanathan 2 24.3 -7.167 (< 0.001) 3.33 0.6
Visvanathan 3 23.8 -6.234 (< 0.001) 2.93 0.63
Gomes 1 22.4 -2.360 (0.027) 1.98 0.71
Gomes 2 21.6 -0.028 (0.978) 2.23 0.48
Kulkarni 17 221 -1.549 (0.134) 1.86 0.78
Kulkarni 2 23.0 -4.603 (< 0.001) 2.06 0.79
Kulkarni 3 22.1 -1.545 (0.139) 1.67 0.83
Kulkarni 4 29.7 -24.244 (< 0.001) 8.59 0.54
Lera 1 215 0.225 (0.824) 1.92 0.62
Ramirez 1 22.0 -0.967 (0.343) 2.03 0.59
Santos 1 231 0.238 (0.814) 2.94 0.50
ALST 21.6(3.8) - - -

SD: standard deviation; r?: determination coefficient; SEE: standard error of the estimate; "Valid equation {© > 0.05)vs. DXA; r2 > 0.70; SEE < 3.5 kg).

[Nutr Hosp 2020;37(4):776-785]



782 A. C. R. Venturini et al.

°F A 1.96 SD °r 8
1 I
g 4 . e 39 £ 4r ° +1.96 SD
[a] | o - T
5 g R o (E 3+ o . 35
< N %o o < 2} c
CoE s o Mean e L e °
£o0 . 05 (Y W N Mean
% 1 B ° o ° o ° % OF o s ° ST P 0.5
¥ a® g o =z + o
— 2ok = -1t % o o
a ° -1.96 SD o} o )
< 3r 59 < 2f -1796 SD
“4h ! ! ! L -3h L L . -2.6,
15 20 25 30 35 15 20 25 30 35
Mean of ALST, . arnis @nd ALSToy s Mean of ALST, i armiz @nd ALSToya
C D
41 4
2 ° +1.96 SD
a 3f g )
c,'T: ) 3.0 5 3r +1.96 SD
- <] o - T
< ot . 0 2 o 25
© U ° o o < %
s 0' B o Mean w TF © .
%‘ AL E i 00 8 ol—= e & _ Mean
§ - __ o of ° ° % r ¢ ¢ Q a 00
LIEJ" _2 | o ) |_Ll.l -1 I~ o ° a
oLt -1.96 SD ol ° °
2 r . 3.0 = ° < 198D
“4h I 1 1 1 -3h | | i -2.5,
15 20 25 30 35 15 20 25 30 35
Mean of ALSTg ion 8Nd ALSToya Mean of ALSTe, . ionz 2nd ALS Ty

Figure 1.

Bland-Altman plot of the reference appendicular lean soft tissue (ALST) measurement (DXA), as estimated by the Indian predictive anthropometric
equations Kulkarini 1 (A) and Kulkarini 3 (B), and that estimated by the new predictive anthropometric equations 2 (C) and 3 (D).

Table V. New anthropometric predictive equations of appendicular lean soft tissue (ALST)
for 60- to 79-year-old males

Independent variables
Equation Waist Hip B r2adjust. | SEE | VIF | PRESS | r?, .. | SEE_ .
Weight . .
circumference | circumference
1 0.238 +0.03" 3.793 + 2.61 0.66 2.21 [1.000 | 134.969 | 0.61 2.32
2t 0.469 +0.06" | —0.288 +0.06" 13.087 £ 2.77° 0.82 1.61 |4.990 | 75.338 0.78 1.74
3t 0.603+0.07"| —-0.223 +0.06" -0.407 +0.14" | 36.568 + 8.38" 0.87 1.39 | 9.903 | 58.524 0.83 1.53

Weight in kg, circumference in cm. B: constant; r? adjust.: adjusted coefficient of determination; SEE: standard error of the estimate (kg); VIF: variance ilnflation factor;

D < 0.01; *p < 0.001; 'Valid equation { < 0.05 vs. DXA; 2, > 0.70; SEE,,,...< 3.5 kg).
diagnosis showed 100 % agreement with the reference method DISCUSSION
(ALST ).

Figure 2 presents the means and SD of the ALST measured by Our results suggest that of the 13 equations tested to evaluate
the 13 anthropometric equations, the new proposed three equa- the ALST of male elderly Brazilians, only two Indian equations
tions, and the difference (*) comparisons (t-test; p < 0.05) with (Kulkarni 1 and Kulkarni 3) met the validity criteria adopted in
the reference values (ALST ). this study, confirming the predictive potential of anthropometric
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Figure 2.

Mean and standard deviation of the reference appendicular lean soft tissue DXA measurement (ALST ) (black bar) and values
estimated by anthropometric equations (gray bars). *Different from ALST,,, (p < 0.05).

equations. However, they presented biases (Bland-Altman) and
failed to identify low muscle quantity, a fundamental criterion
for the diagnosis of sarcopenia (3). A diagnostic simulation of
the Indian equations to identify low muscle quantity resulted in
the misclassification of 33 % of false-negative cases, as it con-
sidered EWGSOP cutoff points (ALSTI < 7.0 kg/m?) (3). Thus, new
explanatory equations that met the criteria (29) were developed.
However, only one (equation 3) showed adequate agreement with
the reference (DXA). This was demonstrated by lack of bias and
non-polarization of the means (Bland-Altman plot). The referred
equation identified cases of low muscle quantity with 100 %
agreement with DXA (3).

Our hypothesis that populational nonspecific equations fail to
predict ALST was confirmed. The use of equations generated in
a population other than their origin may result in overestimation
of ALST, since they are generated based on the body tissue of
individuals from different nationalities (19,34). Part of these differ-
ences is explained because ALST has great variability in regard to
gender and ethnicity. In terms of sex, the quantitative ALST peak
in young adults occurs at 27 years for both sexes, but muscle
volumes are very different among them. Men have an average of
28.6 kg of muscle tissue while women have 19.2 kg (a 9.4-kg
difference) (36). This distinction may be accentuated over time
when age-relative decrease in ALST is greater for men (0.8 kg/
decade) than women (0.4 kg/decade) (37). Regarding the ethnic
factor, the difference in ALST can be up to 10 % when compar-
ing, for example, African American and Asian populations (36).
Understanding the interdependent influence of age and ethnicity
on older people’s muscle mass can be helpful for improving func-
tional capacity and decreasing health risks, especially in older

[Nutr Hosp 2020;37(4):776-785]

people of different ethnic groups (36). Therefore, the specificity
of the referentials specific to each population must obey well-es-
tablished criteria and diagnostic thresholds based on their young
(3). Considering the various factors when predicting ALST, it can
ensure the reliability and adequate diagnosis of our elderly (38).

Our developed equation 3 (Table V) proved its validity (r2, st
SEE, PRESS, 12, and SEE,...), allowing for an adequate diag-
nosis of low muscle quantity among older adults. Sophisticated
imaging methods for ALST determination are not always available
in clinical settings. Thus, alternative methods (e.g., anthropomet-
ric equations) may greatly reduce monitoring costs and allow for
more frequent measurements and more accurate estimations of
low muscle quantity. This would vastly favor interventions. The
assumptions of reduced multi-colinearity and variance inflation
factor (VIF) less than 10 were considered for the development
of the equation (31,39). The predictive validation criteria adopt-
ed in this study to test the anthropometric equations are often
adopted in studies of this nature (19,20). The PRESS internal
validation method (33) confirmed the efficacy of equation 3 to
predict ALST with high internal validity, high determination coef-
ficient (r* ..,= 0.83) and low prediction error (SEE, .= 1.53
kg) (Table V). Therefore, the use of the equation developed for
older Brazilian males with similar characteristics may avoid bias
in the diagnosis of sarcopenia. However, it is important to conduct
validation studies in other regions of the country, as well as to
define the specific ALSTI cutoff points as recommended by the
EWSOP (3).

Our study comes with limitations. One limitation is the small
sample size. However, exposure of older adults to unnecessary
travel and procedures should be avoided. A prior statistical plan
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based on the known variance of ALST among older adults was
adopted and met. The challenges of recruiting volunteers for this
type of study is not exclusive of the present study. A study with
similar purposes to ours but conduted in older Brazilians over the
age of 80 years used a similar sample size (n = 35) (20). The
strengths of this study include our findings that anthropometry can
effectively reduce ALST monitoring costs, favoring interventions.
Early interventions designed to counteract and prevent sarcopenia
provide better results (40), besides reducing hospitalization and
care costs for older adults. Thus, the equation 3 developed in this
study from simple measures (weight, waist and hip circumferenc-
es) easily obtainable by health professionals does not require high
investments or highly specialized training.

The EWGSOP (3) establishes well-defined criteria for diagnosing
sarcopenia from low muscle strength (HS < 27 kg), low muscle
quantity (ALSTI < 7.0 kg/m? and low functional performance (gait
speed test < 0.8 m/s). Sarcopenia is considered severe if If all
factors are present. In our study, only the second EWGSOP crite-
rion for estimating ALST was met. ALSTI values of 6.20 kg/m? and
HS values of 19 kg configured the presence of sarcopenic older
adults in our sample. The imminent increase in older population
in developing countries is expected to reach around 1.2 billion
older people by 2050. This will require simple methods for future
use in clinical settings in order to monitor the risk of sarcopenia in
the older population. These actions should be intended to identify
and prevent sarcopenia, a chronic public health problem with
considerable economic impact. There was a gap in the literature
for younger older Brazilians. Existing valid equations to predict
ALST have been developed for male older Brazilians over the age
of 80 years (20). To this end, our equation 3 may enable health
professionals to monitor and diagnose sarcopenia earlier. This is
important for disease management, prevention and treatment.

In summary, this study sought to test the validity of equations to
predict ALST among younger older Brazilians.The use of anthro-
pometry to predict ALST was confirmed as equations from other
populations met the criteria adopted for the Brazilian population.
However, when applied to the diagnosis of sarcopenia, the values
were biased because they were not generated from this specific
population. Thus, we can conclude that anthropometric models to
predict ALST are valid alternatives for diagnosing and monitoring
sarcopenia among older individuals. However, the specificity of the
population affects predictive validity, with risk for a false-positive
diagnosis. Therefore, the validation of nonspecific equations is
still possible, but their precision for the diagnosis of sarcopenia is
reduced in older Brazilian males.
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Abstract

Background: the goal of this study was to define waist circumference (WC), wasis-to-hip ratio (WHR) and waist-to-height ratio (WHRt) smoothed
reference percentiles for assessing abdominal obesity in Macedonian adolescents aged 11 to 18 years in order to investigate possible obesity
cut-offs of WHR and WHtR, and to compare WC percentiles with those of other adolescents.

Methods: the research was conducted on a sample of 2,490 adolescents of the Republic of Macedonia aged 11 to 18 years: 1,288 males and
1,202 females. Weight, height, body mass index (BMI), WC, hip circumference (HC), WHR and WHtR were measured and percentiles were calcu-
lated using Cole’s Lambda, Mu and Sigma (LMS) method. The relation between WHR, WHtR and general obesity, as defined by the International
Obesity Task Force, was investigated with a receiver operating characteristic (ROC) analysis.

K ds:
eywords Results: the boys had statistically significant higher values in all anthropometric measures except in HC, where statistically significant gender
Abdominal obesity. differences were not found. BMI, WC, and HC showed an increasing trend with age. The WHIR variable is a better indicator for assessing general
Adolescents. obesity in both boys and girls (AUC, 95 % Cl: 0.905-0.928) than WHR, which showed lower AUC values (95 % Cl: 0.697-0.734) in predicting
ﬁg:;ﬂm‘:;;‘sc |0TF obesity; the WHtR cut-off of 0.5 had a sensitivity of 74 % and a specificity of 92 % for both genders and all age groups.
LMS method. Féoc Conclusions: the obtained reference percentile curves can be used temporarily for early detection of abdominal obesity among Macedonian
analysis. adolescents aged 11 to 18 years; a WHtR of 0.5 may also be used as an obesity threshold in these age groups.
Resumen
Antecedentes: el objetivo de este estudio fue definir los percentiles de referencia suavizados perimetro abdominal (WC), relacion cintura-cadera
(WHR) y relacion cintura-talla (WHtR) para evaluar la obesidad abdominal en adolescentes macedonios de 11 a 18 afios, con el fin de investigar
posibles valores de corte de WHR y WHIR para la obesidad, y comparar los percentiles de WC con los de otros adolescentes.
Métodos: la investigacion se realizé en una muestra de 2490 adolescentes de la Republica de Macedonia de 11 a 18 afios de edad; 1288
varones y 1202 mujeres. Se midieron peso, altura, indice de masa corporal (IMC), WC, circunferencia de cadera (HC), WHR y WHtR, y se calcularon
los percentiles utilizando el método LMS. La relacion entre WHR, WHtR vy la obesidad general, segun lo definido por la International Obesity Task
Force, se investigd con el andlisis de las caracteristicas operativas del receptor (ROC).
Resultados: los varones tuvieron valores estadisticamente mas altos en todas las medidas antropométricas excepto en HC, donde no se encon-
Palabras clave: traron diferencias estadisticamente significativas entre ambos sexos. IMC, WC y HC mostraron una tendencia creciente con la edad. La variable
WHR es un indicador para evaluar la obesidad general en nifios y nifias (AUC, IC 95 %: 0,905-0,928) mejor que WHR, que mostro valores de
Obesidad abdominal. AUC mas bajos (IC 95 %: 0,697-0,734) para predecir la obesidad IOTF. El valor de corte de WHR, de 0,5, tuvo una sensibilidad del 74 % y una
/’\*Ad(g?SCE”tGS- especificidad del 92 % para ambos sexos y para todos los grupos de edad.
ediciones
antropométricas. Conclusiones: las curvas de percentiles de referencia obtenidas pueden usarse temporalmente para la deteccion temprana de la obesidad
Método LMS. Andlisis abdominal entre los adolescentes macedonios de 11 a 18 afios; una WHtR de 0,5 también puede utilizarse como un umbral de obesidad en
ROC. estos grupos de edad.
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INTRODUCTION

Obesity in children and adolescents is reaching an epidemic
level worldwide (1). It is considered the most widespread disease
in children in many countries, especially in developed countries
(2). Macedonia is no exception to this trend, and the current prev-
alence figures are similar to those obtained in most countries of
western and northern Europe (3). The body mass index (BMI = kg/
m?) is a widely used measure for overweight and obesity assess-
ment in children, although BMI does not provide information on
fat distribution. A central fat distribution is associated with an
increased risk of cardiovascular and metabolic diseases in adults
and children (4,5), and a large waist circumference (WC) in adults
is associated with increased mortality regardless of BMI (6). Some
authors (7) have found that the health risk in adults with over-
weight and obesity, as defined by BMI, was comparable with that
of a normal-weight person given the same waist circumference.
In children and adolescents, WC correlates with truncal adiposity
as measured by dual-energy X-ray absorptiometry (8), as well as
by MRI (9) and CT imaging (10).

Different approaches to define the cut-off values for WC are
used in the literature, including the cut-off values based on the
International Obesity Task Force (I0TF) definitions of overweight
and obesity (11), extrapolations from adult cut-offs (12), and spe-
cific percentiles (13). The waist-to-height ratio (WHtR) has also
been proposed as a useful clinical parameter for the assessment
of overweight in children (14). It is assumed that a WHIR over 0.5
correlates with increased metabolic risk in children and adoles-
cents (15). A certain number of studies so far suggest that this
cut-off can also be used in pre-school children (16), although
some authors disagree (17) and indicate the need for age-related
reference charts. In addition, it is likely that ethnicity and envi-
ronmental differences affect body proportions, which suggests
the need to define national reference standards for control of
variations among populations.

The goal of this research was to define WC, WHR and WHtR
smoothed reference percentiles for the assessment of abdominal
obesity among Macedonian adolescents aged 11 to 18 years,
and to compare them with world curves generated for other ado-
lescent populations, as well as to investigate possible WHR and
WHIR cut-offs for detecting general obesity as defined by the IOTF.

METHODS

PARTICIPANTS

The sample included 2,490 adolescents from four (Polog, Sko-
pje, Southeastern, and Southwestern) regions of North Macedonia,
aged between 11 to 18 years. The sample was divided into two
sub-samples by gender: 1,288 respondents were boys and 1,202
respondents were girls. The average age of the respondents was
14.4 (+ 2.27).

Participants from selected schools and classes were informed
about the objective of the study, and their parents signed the
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informed consent form for participation in the research. All ado-
lescents were healthy at the time of this study. To avoid errors in
the selection of the sample volunteer students were not included.

The sample included all students whose parents had provided
their consent to participate in the research, who were psycholog-
ically and physically healthy, and who regularly attended physical
fitness and health education lectures.

The respondents were treated following the Helsinki Declara-
tion of 1961 (Edinburgh revision, 2013). The measurements were
carried out in March, April and May 2017 under standard school
conditions at regular physical and health education classes. Mea-
surements were carried out by experts in the field of kinesiology
and medicine, who were previously trained to measure specific
anthropometric parameters.

ANTHROPOMETRIC MEASUREMENTS

For evaluation ten anthropometric variables were selected and
measured according to the International Biological Program (IBP):
body weight (BW), height (Ht), waist circumference (WC), and hip
circumference (HC), with adolescents being barefoot and in mini-
mal clothing. The following standard anthropometric instruments
were used: for measuring body height an Martin anthropometer
with 1-mm reading accuracy was used; a decimal weight scale;
and an inextensible anthropometric tape, also with 1 mm reading
accuracy, for measuring circumferences. Anthropometric mea-
surements were made during school hours, not interrupting the
lessons. Subjects were standing, facing ahead, and body height
was measured as the maximum distance from the floor to the
highest point on the head. Shoes were off, both feet together,
and arms hanging at the sides. The heels, buttocks, and upper
back were in contact with the wall. Body height measurement
can vary throughout the day, usually being higher in the morning,
S0 to ensure reliability we measured height at the same time of
day. Waist and hip circumferences were measured twice using
inextensible anthropometric tape with the adolescents standing
erect and relaxed, with arms at the sides and feet positioned close
together. Waist circumference was measured midway between
the lowest border of the rib cage and the upper border of the iliac
crest, at the end of normal expiration (18). HC was measured at
the widest part of the hip, at the level of the greater trochanter.
BMI was calculated as a weight-to-height ratio squared (kg/m?),
WHR was calculated as a waist-to-hip ratio, and WHIR as a waist
circumference-to-height ratio.

STATISTICAL ANALYSIS

The arithmetic mean and standard deviation were calculated for
the variables BW, Ht, BMI, WC, HC, WHR and WHtR. The normality
of variable distribution was tested with the Kolmogorov-Smirnov
test. The differences between mean values for anthropometric
measurements for each age group and gender were tested using
an independent t-test.
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The relationship between BW, Ht, WC, HC, WHR, WHtR and
overweightobesity, as defined by the I0TF, was investigated with
a ROC analysis. The discriminating power of BW, Ht, WC, HC,
WHR, and WHR was expressed as an area under the curve (AUC).
Smoothed age- and gender-specific tables and graph percentiles
were constructed for BMI, WC, WHR and WHtR using the LMS
method. It estimates measurement centiles in terms of three
age-sex-specific cubic spline curves: the L curve (Box-Cox power
to remove skewness), M curve (median), and S curve (coefficient
of variation). For the construction of the percentile curves, data
were imported into the LMS Chart Maker software (v. 2.3; by Tim
Cole and Huigi Pan), and the L, M and S curves were estimated.
Except for the LMS method calculations, we used the SPSSv. 22.0
software for Windows (SPSS, Chicago, lllinois, USA).

RESULTS

The research was conducted on a sample of 2,490 adolescents
aged 11 to 18 years. The average age of the sample (= SD) was
14.4 (x 2.27) years. The male to female ratio was 1.08, with
51.8 % boys and 48.2 % girls. The descriptive statistical param-

D. Bojanic et al.

eters for the BW, Ht, BMI, WC, HC, WHR and WHtR variables, in
terms of gender and age, are presented in table I.

Table | shows the mean values of body weight (BW), height (Ht),
body mass index (BMI), waist circumference (WC), hip circum-
ference (HC), waist-to-hip ratio (WHR), and waist-to-height ratio
(WHtR) according to age and sex. Weight (BW) was significantly
higher in males than in females at ages 11,13, 14, 15,16, 17 and
18 years. Also, height (Ht) was significantly higher in males than in
females at ages 13 to 18 years. Body mass index (BMI) was sig-
nificantly higher in males than in females at ages 11, 15, 16 and
18 years. Waist circumference (WC) was significantly higher in
males than in females at ages 11,12,13 14,16, 17 and 18 years.
Hip circumference (HC) was significantly higher in males than in
females at ages 15 and 18 years; from the age of 13 years the hip
circumference was significantly higher in females than in males.
The waist-to-hip ratio (WHR) was significantly higher in males
than in females at ages 11 to 18 years. The waist-to-height ratio
(WHtR) was significantly higher in males than in females at ages
11,12,1314,15 16 and 18 years. BMI, WC, and HC showed an
increasing trend with age. WHR and WHIR showed discontinuous
values in terms of age in both boys and girls. The following table
displays the smoothed gender and age-specific percentile values

Table I. Mean values (xsd) for body weight (BW), height (Ht), body mass index (BMI),
waist circumference (WC), hip circumference (HC), waist-to-hip ratio (WHR)
and waist-to-height ratio (WHtR) for Macedonian adolescents aged 11-18 years

Age (y) | Number| BW (kg) | Ht(cm) | BMi(kg/m?) | WC(em) | HC(em) | WHR | WHR
Boys
11 167 | 442+11.12 | 1512270 | 192+36° | 69.2+97° | 824+87 | 084+005 | 046+ 0.06°
12 160 | 51.8=x144 | 158394 | 20442 | 720+11.0° | 87.5+107 | 0.82+0.06° | 0.45+ 0.06°
13 150 | 546+135" | 164.3+9.8 | 200+36 | 71.3+95 | 88187 | 0.81+006 | 0.43=0.05
14 169 | 62.0=x144° | 160.9+76° | 21.3+41 | 754+114° | 924+97 | 081+007 | 044+ 0.06°
15 164 | 67.7+136° | 1737268 | 224+43 | 781+11.3 | 940+95 | 0.83+0.06 | 045 0.06°
16 161 | 691118 | 175356 | 225+39 | 77.6+91° | 928+83 | 0.84+0.06 | 044006
17 170 | 718135 | 177.9+65 | 226+39 | 795+11.0° | 949+80 | 084+0.07 | 0452006
18 147 | 754 =115 | 179167 | 234+32 | 80085 | 97668 | 0.81+009 | 045005
Total 1288 | 61.9+165 | 1686+120| 192+36 | 754=109 | 911100 | 0.82=006 | 0.45=0.06
Girls
11 158 | 426+107 | 151.7+68 | 183+35 644+85 | 835+93 | 077+005 | 042+005
12 151 486+88 | 157.4+7.0 | 19633 67.3+72 | 884=76 | 076005 | 0.43=005
13 156 517+92 | 160.8+6.3 | 19.9+3.0 67.8+80 | 90777 | 075+006 | 0.42=005
14 156 561+93 | 1633+6.2 | 21.0+3.1 60.9+77 | 94371 | 074+005 | 0.43+005
15 148 561+91 | 163.0+54 | 21.1+33 707+78 | 934=75 | 075+008 | 0.43=005
16 150 562+82 | 1633+6.0 | 21127 701+76 | 933+65 | 075+006 | 0.43=005
17 141 587+93 | 1635+53 | 21.9+32 720+86 | 945+72 | 076007 | 044=005
18 142 574+78 | 1648+57 | 212+27 60.4+60 | 944=59 | 074+004 | 0.42=004
Total 1202 | 533104 | 160974 | 205+33 68.9+80 | 915+83 | 075+006 | 043=005

Significant gender differences: # p-value < 0.05; ® p-value < 0.01; ¢ p-value < 0.0001.

[Nutr Hosp 2020;37(4):786-793]
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Figure 1.

Receiver operating characteristic (ROC) curve for the prediction of general obesity
based on body weight (BW), height (Ht), waist circumference (WC), hip circum-
ference (HC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) in both
genders.

at the 3, 10" 250 50 75" 90" and 97" percentiles, which
were developed and smoothed by the LMS method.

The ROC analysis shows that the WHIR variable has greater
discriminatory power for predicting IOTF obesity when compared
to the WC and WHR variables (Fig. 1 and Table II).

For obesity, the WHtR cut-off > 0.46 had a sensitivity of 82.7
and a specificity of 87.3 for both genders (AUC, 0.898 =+ 0.012 for
girls, 0.929 + 0.009 for boys) and all age groups together (AUC
0.917 + 0.007). The cut-off for WHR > 0.77 in girls had a sen-
sitivity of 54.1 and a specificity of 76,1 % (AUC, 0.681 + 0.021)
whereas the WHR > 0.82 cut-off in boys had a sensitivity of 71.0
and a specificity of 63.5 (AUC, 0.732 = 0.016). The cut-off for
WC > 72.0in girls had a sensitivity of 75.4 and a specificity of 83.3
(AUC, 0.867 = 0.014) whereas the WC > 77.5 cut-off in boys had

a sensitivity of 82.5 and a specificity of 82.8 (AUC, 0.906 + 0.009).
The WHIR variable is a better predictor of general obesity than the
BW, Ht, WC, HC, and WHR variables both in boys and girls.

COMPARISONS

To determine ethnic differences in abdominal obesity in ado-
lescents, the reference curves obtained for the WC variable in this
survey were compared to the curves obtained on the same variables
from surveys that were carried out in other countries. Due to the
different methodologies used in the publication of the national ref-
erence values for adolescents, attention is required when comparing
the data on WC percentile values obtained from the various stud-
ies available. Therefore, the comparison was limited to the studies
where the LMS method was used. To use contemporary data, only
surveys conducted from year 2000 onwards were included. The
results of the WC measurements of Macedonian adolescents were
compared with those of countries in different geographic regions
and with different ethnicities, such as Greece, Norway, Turkey,
Poland, South India, Germany, and Kuwait (11,19-25). The percen-
tile curves for these countries referred to data derived from trans-
versal research. For adolescents aged 11 to 18 years, the average
BMI is within the range from 20.4 to 24.2 for boys, and from 20.3
to 23.9 for girls (11,23,25). The respondents in this study had a
mean BMI value of 21.45 for boys and 20.55 for girls (Table IlI).

The WC data are of particular interest at the 50" percentile
(WC50) because they reflect the majority as the midpoint, and at
the 90™ percentile (WC9Q), as this reflects the pathological point
of abdominal obesity. The comparison of WC50 (mean) and WC90
(abdominal obesity cut-off) for Macedonian adolescents with the
percentiles of their counterparts, developed over the past 17 years
in seven countries, is presented in table Il.

Our findings suggest that higher values have been observed in
Kuwaiti male adolescents, while Turkish, Indian, Polish, Norwegian,
Australian and Chinese adolescents have lower values for the
WC variable as compared to Macedonian adolescents in all age
categories. Macedonian male adolescents had higher values for
the WC variable when compared to Greek adolescents in all age
categories, except at ages 12 and 13, where male Macedonian
adolescents have lower values.

Table Il. Area under the ROC curves (95 % CI) of anthropometric indices
to predict general obesity

Variables (Boys) (Girls) (All)
BW 0.835(0.809 - 0.861)" 0.852 (0.822 - 0.881)" 0.837 (0.818 - 0.855)"
Ht 0.541 (0.507 - 0.575) 0.441 (0.398 - 0.483) 0.546 (0.519 - 0.573)
WC 0.906 (0.887 - 0.924) 0.866 (0.839 - 0.893) 0.887 (0.871 - 0.902)
HC 0.878 (0.858 - 0.899)" 0.836 (0.806 - 0.866)" 0.856 (0.838 - 0.874)"
WHR 0.732 (0.701 - 0.764)* 0.681 (0.640 - 0.723)* 0.717 (0.692 - 0.742)*
WHR 0.929 (0.912 -0.946)* 0.898 (0.875 - 0.921)* 0.917 (0.904- 0.931)*

Data are AUC (95 % confidence interval). “p-value < 0.001. AUC: area under the receiver operating characteristic curve.
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Table lll. Age - and gender-specific smoothed body mass index (BMI),
waist circumference (WC), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR)
percentiles for Macedonian adolescents aged 11-18 years

oD Percentiles

3rd | 10t | o5th | 50t | 75t | oot | g7th

Boys
11 13.68 14.98 16.53 18.61 2117 24.04 27.58
12 14.49 15.75 17.26 19.32 21.93 2497 28.92
13 14.99 16.20 17.67 19.70 22.32 25.43 29.63
14 15.86 17.04 18.48 20.48 23.11 26.31 30.79
B 15 16.93 18.10 19.52 21.49 24.07 27.21 31.62
16 17.27 18.44 19.85 21.79 24.29 27.31 31.44
17 17.54 18.71 20.11 22.02 24.47 27.35 31.20
18 18.41 19.60 21.01 22.87 25.15 27.70 30.88
11 55.12 58.41 62.28 67.40 73.70 80.78 89.68
12 56.70 59.93 63.74 68.81 75.10 82.26 91.40
13 58.20 61.36 65.10 70.10 76.35 83.53 92.83
We 14 60.79 63.92 67.64 72.64 78.90 86.15 95.66
15 63.23 66.39 70.13 75.09 81.26 88.31 97.39
16 64.29 67.47 71.21 76.13 82.16 88.92 97.42
17 65.06 68.27 72.00 76.88 82.79 89.31 97.34
18 66.68 69.94 73.68 78.48 84.15 90.23 97.46
11 0.74 0.77 0.80 0.83 0.87 0.91 0.95
12 0.72 0.75 0.78 0.81 0.85 0.89 0.94
13 0.72 0.74 0.77 0.81 0.85 0.89 0.94
WHR 14 0.72 0.74 0.77 0.81 0.85 0.89 0.94
15 0.73 0.75 0.79 0.82 0.87 0.91 0.96
16 0.73 0.76 0.79 0.83 0.87 0.92 0.96
17 0.72 0.76 0.79 0.83 0.87 0.92 0.96
18 0.71 0.74 0.78 0.82 0.86 0.90 0.94
11 0.74 0.77 0.80 0.83 0.87 0.91 0.95
12 0.37 0.39 0.42 0.45 0.49 0.53 0.58
13 0.37 0.39 0.41 0.44 0.48 0.53 0.59
WHER 14 0.36 0.38 0.40 0.43 0.47 0.51 0.58
15 0.37 0.38 0.40 0.43 0.47 0.51 0.58
16 0.37 0.39 0.41 0.43 0.47 0.52 0.58
17 0.37 0.39 0.41 0.43 0.47 0.52 0.58
18 0.37 0.39 0.41 0.43 0.47 0.51 0.58

Girls
11 13.53 14.68 16.06 17.92 20.23 22.87 26.21
12 14.44 15.66 17.10 18.99 21.26 23.75 26.75
13 15.23 16.49 17.94 19.81 22.03 24.40 2718
14 15.96 17.21 18.65 20.50 22.67 24.97 27.64
oM 15 16.39 17.60 19.00 20.80 22.90 25.13 27.72
16 16.71 17.89 19.25 20.99 23.03 25.20 27.74
17 17.06 18.19 19.50 21.18 23.18 25.32 27.86
18 17.12 18.17 19.38 20.97 22.88 24.95 27.46

(Continuation in the next page)
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Table Ill (Cont.). Age - and gender-specific smoothed body mass index (BMI),
waist circumference (WC), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR)
percentiles for Macedonian adolescents aged 11-18 years

91

oD Percentiles

3rd | 10t | o5th | 50t | 75t | oot | g7th
Girls

1 52.21 55.09 58.41 62.71 67.84 73.40 80.06
12 55.41 58.44 61.87 66.19 71.16 76.32 82.21
13 56.44 59.31 62.56 66.68 71.47 76.50 82.32
We 14 58.97 61.61 64.65 68.57 73.22 78.25 84.27
15 60.14 62.62 65.49 69.21 73.68 78.59 84.59
16 60.25 62.70 65.54 69.23 73.66 78.53 84.50
17 60.31 62.74 65.56 69.22 73.63 78.48 84.43
18 60.48 62.76 65.40 68.85 73.00 77.60 83.29
1 0.69 0.71 0.74 0.77 0.80 0.84 0.88
12 0.67 0.70 0.72 0.75 0.79 0.83 0.88
13 0.66 0.69 0.71 0.74 0.78 0.82 0.87
WHR 14 0.66 0.68 0.71 0.74 0.78 0.82 0.88
15 0.66 0.69 0.71 0.74 0.78 0.83 0.89
16 0.66 0.69 0.71 0.75 0.78 0.83 0.89
17 0.66 0.68 0.71 0.74 0.78 0.83 0.89
18 0.65 0.68 0.70 0.74 0.77 0.81 0.87
1 0.34 0.36 0.39 0.42 0.45 0.49 0.54
12 0.35 0.37 0.39 0.42 0.45 0.49 0.54
13 0.35 0.37 0.39 0.42 0.45 0.49 0.55
WHER 14 0.36 0.38 0.40 0.42 0.45 0.49 0.55
15 0.36 0.38 0.40 0.42 0.46 0.50 0.56
16 0.36 0.38 0.40 0.42 0.46 0.50 0.56
17 0.37 0.38 0.40 0.42 0.45 0.49 0.55
18 0.36 0.38 0.40 0.42 0.45 0.48 0.54

Higher values of the WG variable have been found in Macedo-
nian female adolescents when compared to Norwegian, Austra-
lian, Turkish and Chinese adolescents; however, these values were
lower than the ones of Kuwaiti and Indian adolescents. Greek and
Polish female adolescents have lower values of the WC variable
as compared to Macedonian adolescents in all age categories,
except at ages 12 and 13, where Greek female adolescents have
higher values, and Polish adolescents have higher values at 13
and 18 years of age.

Inter-country comparisons were also performed for adoles-
cents’ WC50 and WC90 at the mean age of 14 years as shown
in table IV.

The results in the table show that at the 50" WC percentile val-
ue, Macedonian male adolescents show higher values when com-
pared to Greek, Australian, Polish, Indian, Turkish, Norwegian, and
Chinese adolescents, and lower values when compared to Kuwaiti
adolescents. At the 90" WC percentile value, Macedonian male
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Table IV. Comparison of WC,,
(median) and WC, (cut-off) for waist

circumference (in cm) among 14-year-old
boys and girls from different countries

Boys Girls

WC,, wC,, WC,, wcC,,
Greece 72.10 85.00 67.6 78.7
South India 69.40 83.40 70.2 82.5
Norway 63.90 77.80 61.4 73.3
Australia 69.40 79.90 66.8 77.0
Kuwait 74.90 98.50 74.9 98.5
Turkey 68.90 79.50 64.7 73.3
China 64.30 76.80 61.1 70.6
Poland 69.10 81.00 66.2 77.9
Macedonia 72.64 86.15 68.57 78.25
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adolescents show higher values when compared to Australian,
Polish, Indian, Turkish, Norwegian, and Chinese adolescents, and
lower values when compared to Greek and Kuwaiti adolescents.
At the 50" WC percentile value, Macedonian female adolescents
show higher values when compared to Greek, Australian, Polish,
Turkish, Norwegian, and Chinese adolescents, and lower values
when compared to Indian and Kuwaiti adolescents. At the 90" WC
percentile value, Macedonian female adolescents show higher
values when compared to Australian, Polish, Turkish, Norwegian,
and Chinese adolescents, and lower values when compared to
Greek, Indian and Kuwaiti adolescents.

DISCUSSION

This study presents the initial gender- and age-percentile val-
ues for the WC, WHR and WHtR variables among Macedonian
adolescents from 11 to 18 years of age. The data on the percentile
values are calculated on a representative sample of 2,490 Mace-
donian adolescents. This is the first attempt to make smoothed
percentile curves for the above-mentioned variables, and to sug-
gest Macedonian cut-offs for defining abdominal obesity in this
population group.

The obtained results of the research are consistent with those
of previous studies performed on adolescents (11,19,21-28).
Namely, WC shows an increasing trend with age in both girls and
boys. This is expected, given the fact that puberty is a critical peri-
od for the development and distribution of body fat (29). In girls,
WC is decreasing at the upper end of the age range. Boys have
higher WC, WHR and WHIR values than girls in all age categories.
This is probably due to the gender-specific influence on waist
circumference, and it can be explained by the fact that central
fat distribution dominates in boys more than in girls. In boys, fatty
tissue is distributed mainly in the upper parts of the body (nape of
neck, shoulders, epigastrium), while in girls it usually accumulates
in the lower part of the body (13).

The obtained data on the WC percentile values could be of par-
ticular interest since the measurement of WC is the most widely
accepted and simplest non-invasive clinical method for assessing
central obesity in puberty. For adults, there is a cut-off for pre-
dicting the risk of metabolic syndrome. However, in adolescents
it is necessary to calculate separate cut-off reference standards
for WC in terms of age and gender, due to the natural increase
in this anthropometric measure during puberty. Usually, the 90
percentile for WC (30-32) is proposed as a cut-off percentile
wherein and beyond which the risk of metabolic syndrome in
adolescence significantly increases. Since the cut-off values of
WC differ depending on ethnicity, and due to the lack of such data
for Macedonian adolescents, one of the goals of the research was
to determine the 90" percentile for WC in an attempt to define
specific reference standards for this age group of the popula-
tion. Provided that a specific WC cut-off exists, measuring this
anthropometric indicator will be a useful tool for screening car-
diovascular and metabolic risk in adolescents, which will be used
in primary health care in Macedonia.

D. Bojanic et al.

In young children WC is reported to be a better estimate of body
fat percentage when adjusting for gender and age, thus pointing
to the importance of examining age range-specific subgroups
(33). On the basis of the obtained results, one can conclude that
13.3 % of Macedonian adolescents have increased abdominal
obesity (according to the 90" percentile). In terms of percentage,
adolescents reach a peak at age 17 (then, on average, about
18.6 % of adolescents have increased abdominal obesity), and
this trend decreases by the age of 18 (then, on average, about
9.3 % of adolescents have increased abdominal obesity). The
age group of 17 years seems to be exposed to an increased risk
of abdominal obesity. The percentage of abdominal obesity was
higher among boys (14.1 %) than among girls (12.5 %).

International comparisons have shown that Macedonian ado-
lescents have high levels of abdominal obesity in early and middle
adolescence, and this does not seem to change by the age of 18
years. Unhealthy/poor eating habits, insufficient physical activi-
ty and a sedentary lifestyle are associated with obesity among
Macedonian adolescents (34,35). The relative decline in abdom-
inal obesity by the age of 18 in girls can be explained by the
personal (identity research) and social motivation (peer pressure,
sexual experimentation) that arises during the transition to middle
adolescence, since body mass seems to affect dissatisfaction with
the body shape and a reduction of self-esteem in girls (36). The
differences seen in the percentile curves obtained in different
countries confirm the evidence of ethnic differences in abdominal
obesity and the need to provide population-specific WC reference
curves for adolescents.

WHR and WHtR show variations with age in both genders.
The cut-offs of WHR > 0.89 correspond to the 97" percentile
in boys, while the cut-offs for WHR > 0.89 correspond to the
931-99 percentile in girls, regarding age. The cut-offs for WHR
that are used in adults are inappropriate for the assessment of
general obesity in adolescents due to a low sensitivity that has
been proven with a ROC analysis. Studies so far have shown
that a cut-off of WH at > 0.5 is a useful indicator for estimating
central obesity in representative samples of British, Norwegian,
and German adolescents (15,22,25). This finding has been con-
firmed in our research as well. In the research it was found that
this cut-off corresponds to the 85"-90™ WThR percentile for all
age groups in both boys and girls. Besides, the receiver operating
curves (ROC) demonstrated that WHtR is a better indicator for
estimating general obesity in both boys and girls (AUC, 95 % ClI:
0.905-0.928) than WHR, which showed lower values (AUC, 95 %
Cl: 0.697-0.734) and WC (AUC, 95 % Cl: 0.873-0.899) in the
prediction of IOTF obesity.

The advantage of this study is that this is one of the first
researches conducted on Macedonian adolescents. Anthropo-
metric measures were collected by appropriately trained health
workers who used the same anatomical points of measurement.
The limitations of the study include lack of information regarding
the impact of sexual maturation status on anthropometric indices,
as well as the cross-sectional design of the study. Although the
reference curves are obtained from contemporary data that are
most probably representative of the current situation in Mace-
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donia, the validity of the obtained percentile curves should be
confirmed in future research using a longitudinal approach.

Based on the obtained results, a conclusion can be drawn

that this is the first comprehensive study that determines the
specific age- and gender-specific WC, WHR and WHIR percentile
values among Macedonian adolescents aged 11 to 18 years. We
propose that the obtained percentile values be temporarily used
in clinical practice for the early detection of abdominal obesity
among Macedonian adolescents. WHtR can be used as an addi-
tional or alternative tool for the diagnosis of general obesity in
this age group.
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Body height and its estimation utilizing foot length measurements in Montenegrin
adolescents: a national survey

Uso de la medida de la longitud del pie como estimacion de la estatura en la Encuesta Nacional de
Montenegro

Marina Vukotic

Faculty of Sport and Physical Education. University of Montenegro. Niksic, Montenegro

Abstract

Background: the purpose of this research was to determine a regression equation for the estimation of stature based on foot length measure-
ments.

Methods: this research was carried out in 1,001 subjects (504 male and 497 female) from the population of Montenegrin adolescents. The
stature and foot length measurements were taken according to the ISAK protocol, and the data were analyzed statistically. A linear regression
analysis determined the prediction of foot length for the criterion variable of body height at a significance level of p < 0.05. These relations are
presented in the form of a scatter diagram. We obtained the coefficient of determination, multiple correlation coefficients, a partial correlation
coefficient, the regression, a t-test and a standardized beta coefficient.

Keywords: Results: the results of this research study confirmed that foot length reliably predicts stature in Montenegrin adolescents of both genders, and
Prediction revealed a very useful finding for physical anthropologists and experts from related fields.
Anthroporr.]etry, Foot Conclusions: it was confirmed that there is a correlation between foot length and body height (males: 41.9 %, females: 44.3 %). Therefore, foot
length. Montenegrin. length has proven to be a reliable predictor on the basis of which actual body height can be estimated.

Resumen

Antecedentes: el propdsito de esta investigacion es establecer una ecuacion de regresion para la estimacion de la estatura a partir de la
medida de la longitud del pie.

Métodos: la investigacion se realizd en una muestra de 1001 adolescentes montenegrinos (504 varones y 497 muijeres). La medicion de la
estatura y la longitud del pie se realizaron de acuerdo con el protocolo ISAK. Estudio estadistico: la relacion entre estatura y longitud del pie se
hizo mediante correlacion simple. La comparacion de medias entre sexos se realizd mediante t de Student; para el estudio de valoracion de la
fiabilidad de la medida de la longitud del pie como estimador de la estatura se usé una regresion lineal.

Palabras clave:

Resultados: los resultados confirmaron que la medida de la longitud del pie predice de una forma fiable la estatura en ambos sexos en adoles-
Prediccion. i ) . :
Antropometria centes de Montenegro. Este hallazgo puede ser de gran utilidad para los antropometristas y otras &reas relacionadas.
Longitud del pie, Conclusiones: se confirmd que existe una buena correlacion en la medida de la longitud del pie y la estatura (varones 41,9 %, mujeres 44,3
Montenegro. %). Por lo tanto, esta medida puede ser un predictor fiable a partir de la cual se puede estimar la estatura.
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BODY HEIGHT AND ITS ESTIMATION UTILIZING FOOT LENGTH MEASUREMENTS IN MONTENEGRIN ADOLESCENTS: 795

A NATIONAL SURVEY

INTRODUCTION

The research of proportions and their relations between body
parts, as well as the consequences of their variations, allows
to obtain information on numerous fields of additional scientific
research (6). The physical growth of humans is mainly influenced
by genetic and environmental factors (22). Different dimensions
of physical growth are mainly influenced by genetic factors, and
their influence also varies depending on gender, age, etc. (16).
Body height is a primary anthropometric parameter and is signi-
ficant in many situations (13). In addition, it is necessary for the
evaluation of child growth, for the calculation of nutrition indices
in children and adults (15), for the prediction and standardization
of variables such as lung capacity and muscle strength, for the
standardisation of physical ability measures, for the determina-
tion of a patient’s proper dose, etc. (10). Furthermore, it can be
a good parameter for diagnosing persons with various anomalies
and body height loss after medical interventions on the spine
(19), as well as for predicting height loss in the elderly (26).
However, it is not always possible to determine precisely body
height, especially in cases of, for example, paralysis, fracture,
amputation, and various deformities such as scoliosis, lordo-
sis and kyphosis (32). In such cases it is necessary to apply
some other parameter for the estimation of body height. The
prominent height of Montenegrins is a fact that was promoted
by European anthropology scientists more than 100 years ago.
Robert V. Ehrich (8) measured the Montenegrin population and
obtained data indicating that Montenegrins could possibly have
the greatest average height in all of Europe. Moreover, a study
conducted by Pineau, Delamarche and Bozinovic (24) showed
that the population of the Dinaric Alps is on average the highest
population in Europe.

In order to carry out comprehensive stature research, it is
necessary to determine a reliable predictor. The fact that foot
length is one of the most reliable predictors of body height was
confirmed in a study conducted by authors from China (7), where
a high linear correlation was established between stature and
foot length. Furthermore, research conducted by Popovic, Arifi
and Bjelica (25) established that foot length reliably predicts
stature on a sample of Kosovars, but not as reliably as arm span.
The results obtained in a study conducted in Egypt (21) showed
that, in both genders, foot length demonstrated the highest
correlation with stature. In some studies—in which different
body parameters for stature prediction were applied—it was
revealed that arm span is the most reliable stature estimation
predictor in adults (3), whereas foot length is a more reliable
stature predictor during the adolescence period, because short
bones stop growing earlier than long bones (27). Foot length was
found to be increasing significantly on weight bearing between
3 and 18 years of age in both genders (22). Many scientists
in the field of medicine studied different aspects of the foot
for a long period of time (23), because in traffic and aviation
accidents feet often remain intact thanks to the shoes, so it is
possible to determine the person’s stature and gender on the
basis of foot length.
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For this reason, it is very important to establish a relationship
between body height and foot length in Montenegrins at a national
level, which has not been done yet, primarily because in some
cases it can be very important to use precisely this anthropometric
measure to determine body height due to the above-mentioned
reasons. So the authors of this study expect specificities of foot
length in the adolescent population of both genders in Monte-
negro. Based on the research done so far, it can be observed
that the estimation of body height in comparison with foot length
as potential predictor differs among different racial and ethnic
groups, so the aim of this study was to determine the predic-
tion of the longitudinal measure of foot length in the adolescent
population of Montenegro about the variable body height in both
genders separately.

MATERIAL AND METHOD

The sample in this research comprised 1,001 adolescents,
all of whom were in their final year of high school (504 males,
497 females) in the territory of Montenegro. There were two
reasons for the selection of this population group, as follows:
the first is connected with the fact that an individual’s growth
stops at this age, while the second is connected with the fact
that there is no body weight loss at this age. The average age of
the male subjects was 18.68 + 0.35 years (age span, 18-20),
while the average age of the female subjects was 18.70 + 0.33
years (age span, 18-20). Also, it is important to point out that
the authors excluded from the study any adolescents with body
deformities (scoliosis, kyphosis, lordosis, etc.), paralysis, fractu-
res, amputations, etc. The study complied with the Declaration
of Helsinki.

Subjects who did not originate in the territory of Montenegro
were also excluded from this research. According to Marfell-Jo-
nes, Olds, Stewart, and Carter (18), anthropometric measu-
rements, including body height and foot length, were taken in
compliance with the protocol of the International Society for the
Advancement of Kinanthropometry (ISAK). The age of the subjects
was determined by asking them to tell their date of birth.

METHOD OF DATA PROCESSING

The statistical processing of the data was performed using
the statistical programme SPSS v. 25.0. For both anthropome-
tric variables, central and dispersive parameters were processed
within the scope of basic statistics as follows: range (minimum
and maximum value), arithmetic mean and standard deviation.
A linear regression analysis determined the prediction of foot
length on the criterion variable of body height at a significance
level of p < 0.05. These relations are presented in the form of a
scatter diagram. Thereby, we obtained the coefficient of determi-
nation, the multiple correlation coefficients, the partial correlation
coefficient, the regression, the t-test, and the standardized beta
coefficient.
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RESULTS

The results of the anthropometric measurements for both gen-
ders are shown in table |. The average body height for males was
184.09 + 6.28, with a range of 163.2-202.4 centimetres, while
foot length amounted to 26.96 + 1.48 centimetres. In the case
of females, average body height was 170.27 + 5.41 centimetres
with a range of 152.1-188.1 centimetres, whereas foot length
amounted to 24.43 + 1.06 centimetres.

The results of the linear regression analysis are shown in
table II. In both genders, the regression coefficients (R) are iden-
tical to the correlation coefficients from the previous analysis, and
are very high. The high values of regression coefficients (males:
0.648; females: 0.666) imply that the prediction of foot length on
stature is statistically significant, i.e., that foot length can predict
stature in the case of the Montenegrin population of both genders
(males, t=19.041; p < 0.000; females, t = 19.842; p < 0.000).
This is confirmed by the R-coefficient (R square) of the determi-
nation: the R-coefficient (%) for males is 41.9 and for females
44.3. The first of these models was performed by including age
as a covariate. The regression coefficient values imply that foot
length significantly predicts stature in Montenegrin adolescents
of both genders.

Information on the effect of the predictor variable on the crite-
rion variable tested through a regression-based procedure, whose
values are shown through a beta coefficient of regression (males:
0.006; females: 0.012) and standard errors of the regression
coefficient (males: 0.170; females: 0.167) show confirmation of
a statistically significant impact of the predictor variable on the
criterion variable in both genders of Montenegrin adolescents.

The relationship between the measurements of foot length and
stature among the above-mentioned models is shown using a
scatter diagram (Fig. 1).

Table I. Anthropometric measurements
of the study subjects

M. Vukotic

Table lll. Results of the regression
coefficients analysis where foot length
predicts stature

. 95 % confidence
Gl Coefficients Std. el
Beta Error
Lower | Upper
Male 0.112 0.170 3.007 3.657
Female 0.034 0.167 3.041 3.701

Grouped Scatter of Body height and Foot length
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Figure 1.

Scatter diagram and relationship between foot length measurements and body
height in both genders.

DISCUSSION

Many studies have confirmed that there is a specific correla-
tion between stature and other potential parameters in different
populations (1). The results presented in this study will provide
relevant data on the correlation between stature and foot len-

Subiects Body height range Foot length gth among the Montenegrin population at a national level. The
J (mean = SD) (mean = SD) average body height of male subjects equals 184.09 + 6.28
163.9-200.4 932-309 cm and is similar to the average height of the tqllest nations in
Male Europe. The average body height of Montenegrin female ado-
(184.09 + 6.28) (26.96 +1.22) lescents equals 170.27 + 5.41 cm and is similar to the average
152.1-188.1 20.9-28.0 height among the tallest women in the world. The conducted
Female research further elaborates on the specific body proportions,
(170.27 = 5.41) (24.43 = 1.06) primarily with the aim of improving the information on foot length

Table Il. Results of the linear regression analysis where foot length predicts stature

. Adjusted R Std. error of
0, H -
Subjects R R square (%) e the estimate t-value p-value
Male 0.648° 0.419 0.418 47.811 19.041 0.000*
Female 0.666° 0.443 0.442 40.478 19.842 0.000*
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as a reliable predictor of body height. Numerous studies have
confirmed that foot length can account for 77 % of variations in
relation to stature (30), which indicates a significant correlation
between body height and other anthropometric parameters as
potential predictors in the case of both genders among the Slo-
vene population, whereas the highest correlation coefficient was
detected for the variable of foot length (males, r = 0.71; fema-
les, r = 0.63). The above points to the necessity of developing
separate models for the assessment of body height in relation
to other anthropometric parameters. The average foot length of
Montenegrin adolescents is: males, 26.96 + 1.22 cm; females,
24.43 +1.06 cm), which confirms the main notion of this study
that the population of Montenegro has specific body proportions.
The research conducted by (2) has demonstrated similar values.
It was confirmed that there is a correlation between foot length
and body height (males: 41.9 %, females: 44.3 %). Therefore,
foot length has proven to be a reliable predictor on the basis
of which actual body height can be estimated. The conduc-
ted research of foot length as a reliable body height predictor
is of additional importance because it is the only research of
its kind that was conducted at a national level in accordance
with proportional geographic sampling, which is also of crucial
importance for future national and regional research on potential
anthropometric predictors.

The results of this study can be used as baseline informa-
tion for future research based on the Montenegrin adolescent
population, and they confirm the need for the development of
a specific model when it comes to the analysis of both genders
of the Montenegrin population. It is important to note the com-
parison with the research on the body height of adolescents in
Montenegro (4), which reveals a lower body height as compared
to the one among the subjects in this research. Based on the
above, additional questions arise in regard to the potential cau-
ses of differences in stature, primarily because some authors
presume that the body’s growth and development do not stop at
this age, (12) because the full genetic potential of both genders
has not been achieved yet, and there are different economic and
socioecological factors affecting it (3), which was confirmed by
this research. The period of secular growth, especially the pace
of growth, coincided with some studies conducted in the Aus-
tralian population (17). This positive secular change seems to
be the result of gradual changes in nutrition, health care, and
education in environmental and economic conditions (11). One
possibility is that different factors potentially affect premature
hormonal changes, i.e., the onset of puberty at an earlier age.
Adolescents experience several types of maturation (28). The
complex series of biologic transitions are known as puberty, and
the most visible changes during puberty are growth in stature and
development of secondary characteristics (20). However, many
studies have used variations of Tanner’s original description (29).
The majority of studies have combined the secondary sexual
characteristics (5). Improvement of the method may validate its
use in population-based studies. Sexual development and matu-
ration is essential for the appropriate assessment of growth in
children and adolescents, and is of paramount importance to the
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analysis of adequate growth and of adequate timing of pubertal
development of an individual (31).

The obvious limitation of this study is the fact that neither of
the Montenegrin genders has reached its full genetic potential,
and that a positive secular trend can significantly change the
facts confirmed in this study. Based on this reasoning, a prere-
quisite is the establishment of adequate control of the facts, on
a regular basis, as there are evident expectations based on the
European sample (5), which forsee secular changes in stature in
the following decades; therefore, all current assumptions will be
questioned.

REFERENCES

1. Agnihotri A, Kachhwaha S, Googoolye K, Allock A. Estimation of stature from
cephalo-facial dimensions by regression analysis in Indo-Mauritian popula-
tion. Journal Forensic Legal Medicine 2011;18(5):167-72. DOI: 10.1016/j.
jfim.2011.02.006

2. Arifi F, Bjelida D, Sermaxhaj S, Gardasevic J, Kezunovic M, Popovic S. Sta-
ture and Its Estimation Ulilizing Arm Span Measurements in Kosovan Adults:
National Survey. International Journal of Morphology 2017;35(3):1161-7.
DOI: 10.4067/50717-95022017000300055

3. Arifi . Stature of Adolescents in Kosovo and its Relationship with Other
Anthropometric Measures as Potential Predictors. Doctoral Dissertation, Uni-
versity of Montenegro: Faculty for Sport and Physical Education, Niksic; 2018.

4. Bjelica D, Popovi¢ S, Kezunovi¢ M, Petkovi¢ J, Jurak G, Grasgruber G. Body
height and its estimation utilizing arm span measurements in Montenegro
adults. Anthropological Notebooks 2012;18(2):69-83.

5. Boas SR, Falsetti D, Murphy TD, Orenstein DM. Validity of self-assessment of
sexual maturation in adolescent male patients with cystic fibrosis. J Adolesc
Health 1995;17(4):42-5. DOI: 10.1016/1054-139X(95)00042-Q

6. Chandra A, Chandna P, Deswal S, Kumar R. Ergonomics in the office envi-
roment; A review. In Proceedings of the international Conference of Energy
and Environment. Chandigarh, Haryana, India; 2009.

7. Cheng JC, Leung SS, Chiu BS, Tse PW, Lee CW, Chan AK, et al. Can we
predict body height from segmental bone lenght measurement? A study of
3,647 children. Journal of Pediatric Orthopeadics 1998;18:387-93. DOI:
10.1097/01241398-199805000-00022

. Coon CS. The Race of Europe. Westport, Greenwood Press; 1975; pp. 587-95.

. Fredriks AM, Buuren S, Heel WJ, Dijkman-Neerincx RH, Verloove-Vanho-
rick SP, Wit JM. Nationwide age references for sitting height, leg length,
and sitting height/height ratio, and their diagnostic value for disproportio-
nate growth disorders. Arch Dis Child 2005;90(8):807-12. DOI: 10.1136/
adc.2004.050799

10. Golshan M, Crapo RO, Amra B, Jensen RI, Golshan R. Arm span as an
independent predictor of pulmonary function parameters: Validation and
reference values. Respirology 2007;12:361-6. DOI: 10.1111/j.1440-
1843.2007.01070.x

11. Goran MI, Gower, BA. Longitudinal study on pubertal insulin resistance. Dia-
betes 2001;50(5):2444-50.

12. Grasgruber P, Popovic S, Bokuvka D, Davidovic |, Hrebickova S, Ingrova P,
et al. The mountains of giants: an anthropometric survey of male youths in
Bosnia and Herzegovina. R Soc Open Sci 2018;4(4):161054.

13. Gupta C, PalimarV, Guru P. Estimation of stature from the arm span of an indi-
vidual in South Indian population. Annals of Bioanthropology 2003;4(1):17-9.

14. Hickson M, Frost G. A comparison of three methods for estimating height in
the acutely ill elderly population. J Hum Nutr Diet 2003;(16):13 20.

15. Ibegbu AO. Association of Hand Length with Height in Nigerian School Chil-
dren. Journal of Biology and Life Science 2013;4(2):83-92.

16. Lai G, Parnell L, Ordovas J. The APOA1/C3/A4/A5 gene cluster, lipid meta-
bolism and cardiovascular disease risk. Curr Opin Lipidol 2005;6(2):153-66.

17. Loesch DZ, Stokes KM, Huggins RM. Secular trend in body height and
weight of Australian children and adolescents. Am J Phis Anthropol
2005;111(4):545-56.

18. Marfell-Jones M, Olds T, Stew AD, Carter JEL. International standards for
anthropometric assessment. Potchesfstroom: International Society for the
Advancement of Kinanthropometry; 2006.

© oo



798

19.

20.

21.

22.

23.

24.

25.

Mohanty SP, Babu SS, Nair NS. The use of arm span as a predictor of height.
A study of South Indian women. Jornal Orthopedic Surgery (Hong Kong)
2001;9(1):19-23.

Moran A, Jacobs DR, Steinberger J. Insulin resistance during puberty: results
from clamp studies in 357 children. Diabetes 1999;48(1):2039-44.
Muhmed MH (2013). Measurement of foot and hand dimensions and their
correlation with height in adult upper Egyptians. Al-Alhar Assiut Medical
Journal 10(4):300-16.

Peker T, Turgut HB, Anil A, Ulukent SC. An examination of the relationship
between foot length, T1, T2, T3, T4, T5 (toe lengths), ankle circumference
and calf circumference of Turkish University students aged between 17-25
years. Morphologie 1997;81(254):13-8.

Philip TA. Formulae for establishing stature from foot size by regression
method. J Ind Acad Forensic Med 1990;12:57-62.

Pineau JC, Delamarche P, Bozinovic S. Average height of adolescents in the
Dinaric Alps. Comptes Redus Biologies 2005;328(9):841-6. DOI: 10.1016/j.
crvi.2005.07.004

Popovi¢ S, Arifi F, Bjelica D. Standing Height and its Estimation Utilizing Foot
Length Measurements in Adolescents in Kosovan Adults: National Survey.
International Journal of Applied Exercise Physiology 2017;6(2):1-7. DOI:
10.22631/ijaep.v6i2.150

26.

271.

28.

29.

30.

31.

32.

M. Vukotic

Popovic S. Nationwide Stature Estimation from Sitting Height Measurements
in Kosovan Adolescents. International Journal of Morphology 2019;37(2):504-
8. DO0I: 10.4067/S0717-95022019000200504

Singh A, Kumar A, Khavali HK, Harish D. Use of arm-span and foot lenght
for estimation of height of the person. Journal Punjab Acad Forensic Med
Toxicol 2012;12(2):87-91.

Tanner JM. Growth at adolescence. 2nd ed. Oxford: Blackwell Scientific;
1962.

Travers SH, Jeffers BW, Bloch CA, Hill JO, Eckel RH. Gender and Tanner
stage differences in body composition and insulin sensitivity in early pubertal
children. J Clin Endocrinol Metab 1995;80(4):172-8.

Urhova P, Benus R, Masnicova S, Obertova Z, Kramarova D, Kyselicova
K, et al. Estiamtion of stature using hand and foot dimensions in Slovak
adults. Legal medicine 2015;17(2):92-7. DOI: 10.1016/j.legalmed.2014.
10.005

Uwaifo GI, Nguyen TT, Keil MF. Differences in insulin secretion and sen-
sitivity of Caucasian and African American prepubertal children. J Pediatr
2002;140(8):673-80. DOI: 10.1067/mpd.2002.124312

Waghmare V, Gaikwad R, Herekar N. Estimation of the stature from the
antropometric measurment of the hang length. The Internet of Biological
Anthropology 2010;4(2):1-5.

[Nutr Hosp 2020;37(4):794-798]



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

TrabajO Original Valoraciéon nutricional

Comparacion del método CONUT con la VGS y el VEN para la prediccion de

complicaciones, estancia hospitalaria, readmisiones y mortalidad
Comparison of the CONUT method with SGA and NSA for the prediction of complications, hospital
stay, readmissions, and mortality

Maria Natalia Garcia-Vazquez', Samara Palma Milla>*, Bricia Lopez-Plaza®, Marlhyn Valero-Pérez®, Marina Morato-Martinez?
y Carmen Gémez-Candela®3#

1Sevicio de Farmacia. Hospital Universitario La Paz. Madrid. *Unidad de Nutricion Clinica y Dietética. Hospital Universitario La Paz. Madrid. *Instituto de Investigacion
Sanitaria (IdiPAZ). Hospital Universitario La Paz. Madirid. “Universidad Autdnoma de Madrid. Ciudad Universitaria de Cantoblanco. Madrid

Resumen

Introduccion: la desnutricion relacionada con la enfermedad (DRE) es un tipo especifico de desnutricion producida por la respuesta inflamatoria
de la enfermedad de base. Su prevalencia en todo el mundo varia del 30 al 50 %, siendo similar en los hospitales espafioles. La DRE no se
reconoce comunmente, se diagnostica inadecuadamente y generalmente no se trata. Se asocia a un mayor riesgo de morbilidad, mortalidad y
costes. Las sociedades nutricionales recomiendan que el cribado se realice en las primeras 24 a 48 horas posteriores al ingreso para la deteccion
temprana de la desnutricion. Ninguna herramienta de cribado se acepta universalmente.

Obijetivos: evaluar la validez predictiva (estancia hospitalaria, complicaciones, reingresos y mortalidad) del método CONUT en comparacién con
laVGSy el VEN.

Material y método: estudio retrospectivo incluido en un prospectivo observacional de 365 pacientes hospitalizados de julio a diciembre de 2012.

Resultados: los servicios de ingreso mas frecuentes fueron Medicina Interna y Oncologia (30,7 %y 29,3 %). Deteccion de los riesgos modera-
Palabras clave: do y severo de desnutricion: CONUT, 42,2 y 12,1 %; VSG, 25,8 % y 10,1 %; VEN, 13,7 y 14,5 %. La desnutricion evaluada utilizando el método
CONUT se relaciond significativamente con las complicaciones (p = 0,036), los reingresos (p = 0,041) y la mortalidad (p = 0,007). Las curvas

Desnutricion. CONUT. ROC de la mortalidad, para todos los métodos evaluados, mostraron que CONUT es la mejor herramienta.

VGS. Complicaciones.

Reingreso. Conclusiones: CONUT es una herramienta de deteccion automatica que se puede utilizar como primer paso en el diagnostico del riesgo de
Mortalidad. desnutricion. CONUT ofrece la ventaja de ser un factor prondstico de complicaciones, reingreso y mortalidad.
Abstract

Introduction: disease-related malnutrition (DRM) is a specific type of malnutrition caused by the inflammatory response to the underlying disease.
Its prevalence worldwide varies from 30 % to 50 %, being similar in Spanish hospitals. DRE is not commonly recognized but is usually misdiagnosed
and generally not treated. It is associated with an increased risk of morbidity, mortality, and costs. Nutritional societies recommend that screening
be performed within the first 24 to 48 hours after admission for the early detection of malnutrition. No screening tool is universally accepted.

Objectives: to evaluate the predictive validity (hospital stay, complications, readmissions and mortality) of the CONUT method as compared to
SGA and NSA.

Material and method: a retrospective study included in a prospective observational study of 365 hospitalized patients from July to December 2012.
Results: the most frequent admission services were Internal Medicine and Oncology (30.7 % and 29.3 %). Moderate and severe risk of malnu-

Keywords: trition: CONUT, 42.2 % and 12.1 %, SGA 25.8 % and 10.1 %, and NSA 13.7 % and 14.5 %. Malnutrition evaluated using the CONUT method
» was significantly related to complications (p = 0.036), readmissions (p = 0.041) and mortality (p = 0.007). The ROC curves for mortality, for all

gﬂéx‘“égt‘n?;i;go’\‘g' the methods evaluated, showed that CONUT is the best tool.

Readmission. ' Conclusions: CONUT is an automatic detection tool that can be used as a first step in the diagnosis risk of malnutrition. CONUT offers the

Mortality. advantage of being a prognostic factor for complications, readmission, and mortality.
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INTRODUCCION

M. N. Garcia-Vazquez et al.

MATERIAL Y METODOS

La desnutricion relacionada con la enfermedad (DRE) es un
tipo especifico de desnutricion causada por una enfermedad (0
enfermedades) concomitante que ocurre cuando la gravedad o
persistencia de una respuesta inflamatoria en un individuo produ-
ce pérdida de masa corporal magra y/o deterioro funcional (1,2).
Se prevalencia entre los pacientes hospitalizados oscila entre el
30y el 50 % segun Butterworth 2005, Pirlich 2006, Imoberdorf
2010 y Agarwal 2017, y es similar en los hospitales espafioles
(3). La DRE con frecuencia ya esta presente en el momento del
ingreso y también al alta (2). A pesar de su prevalencia y de sus
consecuencias, la DRM frecuentemente estd mal diagnosticada
y la terapia nutricional suele estar poco prescrita (Beck 2001,
Pérez de la Cruz 2004).

La DRE tiene una influencia negativa en el curso clinico de la
enfermedad, aumentando las complicaciones, la duracion de la
estancia, las tasas de reingreso (4), la mortalidad y los costes
sanitarios (5).

La deteccion del riesgo nutricional se reconoce como el primer
paso clave en la evaluacion del estado nutricional, la prevencion y
el tratamiento (6). Una vez que se ha identificado el riesgo nutri-
cional, se debe realizar una evaluacion nutricional para establecer
el diagnostico de desnutricion y determinar su gravedad.

En Esparia, el “consenso multidisciplinario sobre el enfoque de
la desnutricidn hospitalaria” subraya la importancia de realizar
pruebas de deteccion de la desnutricion durante las primeras
24-48 horas posteriores al ingreso.

Existen muchas herramientas de deteccion validadas, pero
ninguna de ellas se puede aplicar a todos los pacientes o se
acepta universalmente como el patrén oro. Esto representa un
obstaculo para el reconocimiento y tratamiento de la desnutricion
(7). Los test de cribado deben ser universales, simples, confiables
y adaptados a las caracteristicas especificas de los pacientes (8),
rentables y capaces de proporcionar resultados con rapidez (7).
Deben poder aplicarse a pacientes inconscientes o sedados, a
aquellos que no pueden hablar o comunicarse y a aquellos que
no se pueden medir o pesar. No hay un método de cribado acep-
tado universalmente. La ESPEN recomienda el indice de riesgo
nutricional 2002 (NRS-2002) (9) mientras que la Sociedad Ame-
ricana de Nutricion Parenteral y Enteral (ASPEN) recomienda la
valoracion global subjetiva (VGS) (10). La VSG'y el Mini Nutritional
Assesment (MNA) (11) son Utiles en la evaluacion nutricional,
pero tampoco se consideran universalmente como patrén oro. Los
criterios GLIM de la desnutricion (6) no estaban publicados en el
momento de este estudio, pero utilizamos criterios fenotipicos y
etiologicos en la valoracion del estado nutricional (VEN) (excepto
la funcion muscular). El método CONUT utiliza la albimina sérica,
el colesterol total y el recuento total de linfocitos para establecer
el riesgo nutricional. El riesgo nutricional se clasifica como bajo,
moderado o alto (12).

El objetivo de este estudio es evaluar la capacidad de CONUT
como cribado automatico para predecir la duracion de la estancia,
las complicaciones, los reingresos y la mortalidad en comparacion
con laVGS y la VEN en un hospital terciario.

Se realizo un andlisis retrospectivo en el contexto de un estu-
dio prospectivo observacional en el Hospital Universitario La Paz
(HULP), un hospital general de atencion terciaria con capacidad
para 1208 camas y 4 areas de hospitalizacion (general, materni-
dad, traumatologia y pediatria).

PACIENTES

El estudio comenzo en julio de 2012 y dur¢ hasta diciembre
de 2012, y se incluyeron 365 pacientes. Los pacientes fueron
seguidos prospectivamente hasta el alta y, después del alta, los
reingresos y la mortalidad se recogieron retrospectivamente a los
30, 60 y 90 dias.

Para seleccionar una muestra representativa se analizaron los
datos de pacientes hospitalizados del afio anterior. Un total de
15.739 pacientes ingresaron en 2011: 14.158 en el &rea general
y 1581 en el area de traumatologia en 6 meses. Eso significa
una relacion de 9/1; por lo tanto, nueve de cada diez pacientes
ingresados consecutivamente en el area general y uno del area de
traumatologia se seleccionaron sistematicamente para participar
en el estudio de julio a diciembre de 2012. Cuando un paciente
seleccionado no pudo participar 0 no dio su consentimiento, se
selecciond el siguiente paciente en la lista de ingresos conse-
cutivos.

Los criterios de inclusion fueron: adultos mayores de 15 afios,
de ambos sexos, ingresados en las areas de general o traumato-
logia, que dieron su consentimiento informado verbal para parti-
cipar. Los criterios de exclusion fueron: pacientes ingresados en
las areas de pediatria 0 maternidad, o en unidades de cuidados
criticos, mujeres embarazadas o en periodo de lactancia, aquellos
que no pudieron ser entrevistados o no dieron su consentimien-
to informado (debido a la admision en una unidad de cuidados
intensivos o urgencias, a afecciones neuroldgicas o psiquiatricas,
0 a la necesidad de aislamiento) y pacientes con limitaciones
fisicas y/o psicoldgicas que les impidieran proporcionar todos 10s
datos requeridos para el estudio (por ejemplo, limitaciones de la
comprension del lenguaje).

El Comité de Etica en Investigacion del HULP aprob¢ el proce-
dimiento del estudio con el cddigo PI 2340.

PROTOCOLO DEL ESTUDIO

Los pacientes se identificaron con un codigo, manteniendo su
informacion personal confidencial.

Para obtener la informacion necesaria para el estudio se revi-
saron los registros clinicos, se realizd un examen fisico y se entre-
visto a los pacientes. Los métodos CONUT, VGS y VEN fueron
empleados con cada paciente por diferentes investigadores capa-
citados, expertos en nutricion, que no conocian los resultados
obtenidos por los demas investigadores, para reducir el sesgo de
interpretacion. Después, todos los participantes del estudio fueron
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objeto de seguimiento sin intervencion durante su estancia en el
hospital hasta el alta. Durante la hospitalizacion, los pacientes
recibieron la atencion estandar del hospital en paralelo al estudio.

Para cumplir con los criterios de validez predictiva (13) utiliza-
mos la VGS (10) y la valoracion nutricional completa (VEN).

Las curvas ROC se utilizaron para evaluar el rendimiento de
VEN, VGS y CONUT en la prediccion de complicaciones, duracion
de la estancia hospitalaria, tasa de reingreso y mortalidad.

MEDICIONES
Caracteristicas de los participantes

Se recogieron datos demograficos. También datos de los diag-
nosticos y el servicio de ingreso (cirugia, gastroenterologia, medi-
cina interna, oncologia y traumatologia). Para reducir la dispersion
de datos, los diagndsticos clinicos se agruparon en ocho grupos
de diagnostico.

Las complicaciones se clasificaron en dos categorias diferen-
tes: complicaciones infecciosas (catéter, herida quirurgica, tracto
urinario, respiratorio, sepsis 0 bacteriemia) y complicaciones no
infecciosas (Ulceras por presion). Ambos se agruparon y analiza-
ron como un Unico resultado.

La duracion total de la estancia y la mortalidad durante la hos-
pitalizacion también se registraron. El diagnostico al alta, la mor-
talidad hospitalaria (codificada como si 0 no), el reingreso y la
mortalidad se registraron por cada sujeto de forma retrospectiva.
El reingreso se evalud a los 30, 60 y 90 dias.

Datos antropométricos

Se tomaron varias medidas antropométricas al ingreso. El peso
corporal se midié usando una balanza electronica (SECA ALPHA,
GMBH & Co., Igni, Francia) (rango: 0,1-150 kg; precision, 100 g)
dentro de las 72 horas posteriores a la admision. El peso ideal
se expreso en kilogramos segun las tablas de referencia de la
poblacion espafiola de Alastrue.

También se registr6 el peso habitual 6 meses antes de la admi-
sion. El porcentaje de pérdida de peso se calculd después de
preguntar al paciente sobre el peso habitual. La altura se midid

utilizando un estadiometro digital HARPENDEN (Pfister, Carlstadt,
N.J., EE. UU.) (rango, 70-205 cm; precision, 1 mm). El pliegue
cutaneo tricipital se midié usando un plicometro HOLTAIN, con una
presion constante de 10 g/mm? de superficie de contacto (rango,
0-40 mm), con una sensibilidad de 0,1 mm. La circunferencia del
brazo se midid con cinta métrica de precision milimétrica; girando
el brazo relajado de la persona, a la altura del punto medio previa-
mente marcado para la toma de los pliegues biciptal y triciptal, se
calculo la circunferencia muscular del brazo (MMAC) utilizando la
formula: MMAC = (0,314 x TSF) - MAC. El valor MMAC se compara
con los valores correspondientes al percentil 50, segun el sexo y
la edad de la persona evaluada. El indice de masa corporal (IMC)
se calculd utilizando la formula: peso actual (kg) / altura? (m?).

Datos de la evaluacion nutricional

Los 365 pacientes se evaluaron por los 3 métodos dentro de
las primeras 72 h de ingreso hospitalario.

EI CONUT (12,14) es una herramienta de deteccion que se basa
exclusivamente en valores de laboratorio recolectados automa-
ticamente todos los dias a través de la red interna del hospital
(LabTrack®): albimina sérica, colesterol total y recuento total de
linfocitos. El procesamiento posterior de todos los datos permite la
clasificacion en tres niveles de riesgo nutricional: bajo, moderado
y alto. La tabla | muestra los valores de los datos compilados y
la puntuacion.

La valoracion nutricional completa (VEN) es una evaluacion
sistematica para guiar el diagndstico utilizando indicadores de
desnutricion e inflamacion que incluyen antecedentes médicos y
quirtrgicos, diagnostico clinico, signos clinicos y examen fisico,
datos antropométricos, indicadores de laboratorio, evaluacion
dietética y resultados funcionales (15,16). Los datos registrados
en nuestra practica clinica se muestran en la tabla Il. Mediante
este método, clasificamos a los pacientes en uno de tres niveles
(a efectos de comparacion): bien nutrido o sospechoso (1), des-
nutricion moderada (2) y desnutricion severa (3).

La valoracion global subjetiva (VGS), descrita por Destky (10), se
considera una herramienta de evaluacion y se basa completamen-
te en parametros de evaluacion clinica. Clasifica a los pacientes
como: normales o bien nutridos (A), moderadamente desnutridos
(0 sospechosos de estarlo) (B) y gravemente desnutridos (C).

Tabla l. CONUT

Parametro Normal Leve Moderado Severo
Albdmina (g/dl) 3,5-4,5 3,0-3,49 2,5-2,9 <25
Puntuacion 0 2 4 6
Linfocitos totales U x 103/ml > 1600 1200-1599 800-1199 <800
Puntuacion 0 1 2 3
Colesterol (mg/dl) > 180 140-180 100-139 <100
Puntuacion 0 1 2 3
Puntuacion total 0-1 2-4 5-8 9-12
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Tabla Il. VEN

Historia clinica y diagnéstico

Diagnéstico actual y complicaciones Historia clinica y quiriargica

Antropometria

Peso actual, peso normal, peso ideal, peso ajustado

Pérdida de peso en los ltimos 6 meses (% de pérdida de peso)
Altura

IMC

Pliegue tricipal, circunferencia muscular del brazo

Examen fisico

Pérdida de grasa subcutanea
Pérdida de masa muscular
Presencia de edema o ascitis

Cambios en la ingesta oral: aumento, disminucion o ningdn cambio

Valoracion dietética o .
Historia de la dieta

Duracion de los cambios en la ingesta oral

Tipo de ingesta: ayuno, dieta liquida baja en calorias, dieta liquida completa, dieta solida insuficiente

. ) ) Asintomatico
Sintomas gastrointestinales

Nauseas, vomitos, diarrea, anorexia, disfagia, otros sintomas...

Test de laboratorio

Linfocitos, albiimina, prealbtimina, PCR...

Datos de laboratorio

Se recogieron: linfocitos totales (unidades x 10%/I), glucemia
(mg/dl), albumina (g/dl), preabtmina (mg/dl), hemoglobina (g/dl)
y colesterol total (mg/dl).

Toda la informacion se recopild a través de la aplicacion infor-
matica del laboratorio (LabTrack®).

ESTADISTICA

Se utilizaron los siguientes paquetes de software para analisis
estadisticos: Medcalc 9.5.2.0 (MedCalc Software, Mariakerke, Bél-
gica), R 2.8.0 (Viena, Austria), SPSS 13.0 (SPSS Inc., Chicago, IL,
EE. UU.) y STATA 9.1 (STATA Corp. LP, College Station, TX, EE. UU.).

Se obtuvieron las chi? de tendencia lineal de Pearson y el area
bajo la curva ROC de las puntuaciones totales de CONUT y el valor
de CONUT frente a VSG y VEN.

Todas las pruebas estadisticas se consideraron con valores
significativos cuando el valor de p fue menor o igual que 0,05
(p <0,05).

RESULTADOS

Tabla lll. Caracteristicas basales de los

pacientes
Media | 5o aar

Sexo (hombre) 55,9 %

Edad (afios) 65,84 16,66
Peso actual (kg) 70,17 14,72
Altura (m) 1,65 0,97
IMC (kg/m?) 25,85 4,85
Peso ideal (kg) 66,22 8,29
Peso ajustado (kg) 67,22 8,46
% de pérdida de peso 5,88 6,93
Pérdida de peso a 6 meses (kg) 3,90 518
% de pérdida de peso a 6 meses 5,25 6,65
t(iirg:s; ((jr(Ta]In;]))hegue cutaneo del 15.75 741
P50 TC 14,65 5,84
Circunferencia brazo (cm) 29,03 414
P50 AC 29,31 1,269
Circunferencia muscular del brazo 24,088 3,42
P50 MAC 21,38 1,90

CARACTERISTICAS DEMOGRAFICAS
Y CLINICAS BASALES

Un total de 365 pacientes participaron en el estudio. Las carac-
teristicas basales de los pacientes se enumeran en la tabla Ill. Al
ingreso, el 20 % de la cohorte informd haber perdido > 10 %
(16,48 %; 10-33,3) del peso corporal en los 6 meses previos
(Tabla ).

DIAGNOSTICOS

La agrupacion diagndstica de las principales enfermedades en
la hospitalizacion se muestra en la tabla IV. Las enfermedades
benignas fueron mas frecuentes que las malignas (74 % frente
a 26 %). El 56 % de las enfermedades malignas fueron gas-
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Tabla IV. Agrupacion diagndstica
de los diagndsticos clinicos

Grupos diagnésticos n
Sistema musculoesquelético 69
Sistema genitourinario 22
Sistema gastrointestinal 135
Medicina interna 49
Cardiovascular 7
Sistema respiratorio 55
Sistema hematoldgico 19
Sistema nervioso central 9

Tabla V. Resultados obtenidos por tres
métodos diferentes de deteccion y/o

evaluacion
CONUT VGS VEN
Normal 167 (45,8 %) | 234 (64,1 %) | 262 (71,8 %)
Moderada 154 (42,2 %) | 94 (25,8 %) 53 (14,5 %)
Severa 44 (121 %) | 37 (10,1 %) 50 (13,7 %)
Total 365 365 365

trointestinales. El diagndstico clinico no se correlaciond con la
desnutricion, ni con laVGS, la VEN o el CONUT en nuestra cohorte,
y esto no cambid al agrupar los diagnosticos en categorias.

SERVICIOS HOSPITALARIOS

Los pacientes ingresaron en los siguientes servicios hospitala-
rios: medicina interna (30,7 %), oncologia (29,3 %), gastroente-
rologia (18,6 %), traumatologia (15,3 %) y cirugia general (6 %).
ESTADO NUTRICIONAL

Con respecto a la evaluacion del estado nutricional, los resul-
tados fueron diferentes segun el método de deteccion evaluado

(Tabla V).

COMPARACION DE VEN, VGS Y CONUT,

Y SU HABILIDAD PARA PREVENIR
RESULTADOS CLIiNICOS DESFAVORABLES
(VALIDEZ PREDICTIVA)

Estancia hospitalaria

La estancia media fue de 12 dias (DE: 12,996) (0-125 dias).
La estancia de los pacientes que habian perdido > 10 % de su

[Nutr Hosp 2020;37(4):799-806]

peso corporal al ingreso fue de 11 dias (0-45). La duracion de
la estancia no se correlaciond con el estado nutricional. No hubo
diferencias en la estancia con respecto a las diferentes categorias
de estado nutricional establecidas por el CONUT, la VGS o la VEN
(CONUT: 11,9/11,47/13,86, p = 0,144; VGS: 11,56/12,26/13,68,
p =0,285; yVEN: 10,88/12,94/11,3, p = 0,848, para bien nutri-
do o desnutricion leve, desnutricion moderada y desnutricion
severa, respectivamente).

Complicaciones

El nimero total de complicaciones fue de 69 (18,9 %), de las
cuales 65 (94,2 %) fueron complicaciones infecciosas y 4 (5,8 %)
fueron complicaciones no infecciosas. Casi todos los pacientes
que experimentaron complicaciones experimentaron solo una
complicacion (97,1 %; n = 67). El 2,9 % de los pacientes (n = 2)
experimentaron dos complicaciones durante su estancia en el
hospital. Las complicaciones fueron significativamente mayores
a medida que aumento el riesgo de desnutricion segtin el CONUT
(p = 0,036), pero esta correlacion no fue clinicamente significativa
con respecto a la valoracion de la VGS (p = 0,525) o0 a la valora-
cion de la VEN (p = 0,864).

Reingresos

La evaluacion de los reingresos a los 30, 60 y 90 dias después
del alta mostr6 tasas de reingreso del 10,4 % (55 pacientes),
3,6 %y 1,4 %, respectivamente. El nimero total de reingresos
a los 30, 60 y 90 dias aumentd significativamente con la grave-
dad del riesgo de desnutricion establecida mediante el CONUT
(p =0,041) y laVGS (p = 0,040). La correlacion con la VEN no
fue clinicamente significativa (p = 0,071). Las estadisticas de
readmision no se calcularon a los 60 y 90 dias debido al bajo
numero de reingresos.

Mortalidad

Un total 29 pacientes fallecieron durante su estancia hospitala-
ria (7,94 %) y otros 12 fallecieron durante 10s reingresos posterio-
res (3,28 %). La tasa de mortalidad global fue del 11,23 %. Las
tasas de mortalidad durante la hospitalizacion aumentaron signifi-
cativamente con el nivel de riesgo de desnutricion establecido por
el CONUT (p = 0,002), la VEN (p = 0,008) y la VGS (p = 0,013).
Las curvas ROC para CONUT, VEN y VGS muestran que el CONUT
fue la mejor herramienta predictiva con respecto al area de la
curva ROC para la mortalidad. CONUT: AUC: 0,649 (p = 0,008);
VEN: AUC: 0,615 (p = 0,039); VGS: AUC: 0,605 (p = 0,062, NS).
Las tasas de mortalidad global (al ingreso y después del alta)
aumentaron significativamente al aumentar la desnutricion/el ries-
go de desnutricion con todos los métodos: CONUT (p = 0,003),
VEN (p = 0,001) y VGS (p = 0,010). En cuanto a las curvas ROC:
CONUT: AUC: 0,644 (p = 0,003), VEN: AUC: 0,637 (p = 0,004),
VGS: AUC: 0,614 (p = 0,018).
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DISCUSION

No pudimos establecer una correlacion entre la severidad
de la desnutricién y el diagndstico clinico aun con la agrupa-
cion en grupos genéricos: malignos/benignos o gastricos/no
gastricos.

Lorena Rentero (17) tampoco encontrd una asociacion entre las
enfermedades cronicas (diabetes, enfermedad hepatica, enfer-
medad renal crénica o cancer) y la desnutricion. Si la encuentra
Waizner (18) (p = 0,05) entre la desnutricion y el diagndstico
primario al ingreso, la edad, la presencia de cancer o infeccion
y la estancia hospitalaria prolongada. También Brugler, en 2005,
encuentra que la desnutricion al ingreso esta relacionada con el
diagnostico.

No encontramos un mayor riesgo de desnutricion segun el
servicio de ingreso del paciente. Sin embargo, Lobo Taner (19) si
encontrd una mayor prevalencia en el servicio de medicina interna
(20,8 %) y en el de gastroenterologia (19,2 %). loannis Doundou-
lakis (20) encontré mayor desnutricion en el servicio de oncologia
utilizando el NRS-2002 y la Malnutrition Universal Screening Tool
(MUST). Sin embargo, el resultado cambiaba segun el método de
cribado utilizado (NSR-2002 y MUST en los servicios quirlirgicos,
y MNA-SF en el servicio de medicina interna.

No hemos encontrado una correlacion entre el grado de des-
nutricion y la estancia. En nuestro estudio, ninguna de las herra-
mientas utilizadas (CONUT, VGS y VEN) pudo predecir la duracion
de la estancia (p > 0,05); sin embargo, otros autores si pudieron.
Leandro-Merhi (21), en 350 pacientes con varios diagnosticos,
encontrd estancias significativamente mas largas para los hom-
bres, con edad > 60 afios, l0s pacientes oncoldgicos, l0s pacien-
tes que perdieron peso durante su estancia, los pacientes con
bajo peso y los pacientes clasificados como desnutridos por la
VGS (todos ellos, p < 0,05). Van Bokhorst (14) revisa varios estu-
dios y no encuentra relacion alguna entre la VGS y la estancia en
ninguno de ellos.

Un andlisis multivariante relaciona la hipoalbuminemia con la
duracion de la estancia, pero no con la VGS, en los pacientes
mayores con cirugia de cadera (22). Basu (2011), también en
este tipo de pacientes, confirma que los parametros bioquimicos
son Utiles para identificar los efectos adversos postoperatorios y
que los linfocitos totales postoperatorios se correlacionan nega-
tivamente con la estancia hospitalaria.

El CONUT predijo el aumento de la estancia en un estudio
de pacientes con fallo cardiaco (23). Quizas la pluripatologia de
nuestro estudio puede ser la causa de que en el método CONUT
no pudiera predecir la estancia.

Las complicaciones se produjeron en un 18,4 % del total y
el CONUT (p = 0,036) fue el mejor método para su prediccion
comparado con laVGS y la VEN. En un estudio de pacientes can-
didatos a esofaguectomia, el andlisis de regresion logistica sugirio
que la desnutricion moderada o severa previamente evaluada por
el CONUT era un factor de riesgo independiente para cualquier
morbilidad (HR: 2,75) y para las morbilidades severas (HR: 3,07)
(24). En pacientes con cancer colorrectal, un andlisis multivariante
mostrd que el CONUT era un predictor independiente de compli-
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caciones graves (OR: 4,51) (25). Takagi (26), en un metaanalisis,
demuestra que el CONUT predice el riesgo de complicaciones
postoperatorias en oncologia quirlirgica gastrointestinal y hepa-
topancreatobiliar a largo y corto plazo.

Un autor también ha documentado la escasa validez predictiva
de la VGS. En este estudio, la tasa de complicaciones de los
pacientes desnutridos, en comparacion con |a de los pacientes
bien nutridos, fue de: HR: 2,7 (IC 95 %: 1,4-5,3) (13).

En nuestro estudio, el nimero total de reingresos aumento
con el grado de desnutricion o el riesgo de la misma evaluado
por el CONUT y la VGS pero no por la VEN. Ambos alcanzaron
significacion estadistica como predictores del reingreso. Los
reingresos hospitalarios, especialmente los relacionados con un
ingreso previo, son especialmente importantes para el sujeto que
los experimenta, ya que conllevan una mayor morbilidad y mor-
talidad. Utilizando el CONUT, Nakagomi (27), en pacientes con
fallo cardiaco crénico, encontrd un mayor ndmero de reingresos
relacionados con un mayor riesgo de desnutricion, mientras que
Rentero (17) no lo encontrd en pacientes mayores de medicina
interna. En el caso de la VGS, C. Jeejeebhoy (28) encontrd un
mayor nimero de reingresos a 30 dias y Lim (4) un mayor nimero
de reingresos a 15 dias.

En este estudio, el CONUT mostrd la AUC como predictor de
mortalidad en comparacion con la VGS o la VEN: AUC: 0,644
(p = 0,003); VEN: AUC: 0,637 (p = 0,004); VGS: AUC: 0,614
(p=10,018).

El 2,2 % de los pacientes de nuestro estudio fueron cardiold-
gicos. Las puntuaciones elevadas del CONUT se asociaron a una
mayor mortalidad por todas las causas en los pacientes hiperten-
50s (29) y con fallo cardiaco (Sun, 2017). También se asociaron
con un peor pronostico a corto y largo plazo en el caso de la
insuficiencia cardiaca (23), la insuficiencia cardiaca cronica (30)
y el infarto de miocardio (Narumi, 2013). En pacientes someti-
dos a intervencion coronaria percutanea electiva, aquellos con
CONUT alto mostraron un aumento de 2,72 veces en la incidencia
de eventos cardiacos adversos mayores (IC 95 %: 1,46-5,08,
p = 0,002) y la mortalidad cardiaca (31).

Takagi (32) realizd un metaanalisis y una revision sistematica
en pacientes con gastrectomia por carcinoma gastrico. Encuen-
tra que el CONUT predice la supervivencia global (HR: 1,85), la
supervivencia especifica del cancer (HR: 2,56), la supervivencia
libre de recurrencia (HR: 1,43, la estadificacion TNM (OR: 1,73) y
la invasion microvascular (OR: 1,5).

Zhang (33), en un metaanalisis, estudia el CONUT como test
pronostico de la supervivencia global en el cancer gastrointestinal.
Los pacientes incluidos fueron tratados quirtrgicamente con un
seguimiento > 5 afios. Las patologias fueron el cancer colorrectal,
el cancer de esofago, el carcinoma hepatocelular, el cancer gastri-
co y el colangiocarcinoma intrahepatico. EI CONUT podria ser un
factor independiente de supervivencia global (HR: 2,52, IC 95 %:
1,88-3,16, p < 0,001), de supervivencia especifica del cancer
(HR: 3,47,1C 95 %: 1,75-5,19, p < 0,001) y de supervivencia
sin recaida y sin recurrencia (HR: 1,64, IC del 95 %: 1,30-1,98,
p < 0,001). EI 15,6 % de los pacientes de nuestro estudio tenian
tumores gastrointestinales.
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En nuestro estudio solo tuvimos 3 pacientes con patologia renal
maligna. Un CONUT alto predijo la mortalidad del carcinoma renal
después de la nefrectomia curativa (34) y de la nefroureterectomia
en caso de carcinoma urotelial del tracto superior (Zheng, 2018).

En nuestro estudio, 15 pacientes tuvieron patologia pulmonar
maligna. Un CONUT alto también predijo la mortalidad de los
pacientes con cancer pulmonar no de células pequefias (35), con
mesotelioma (Shoji, 2017) y con cancer pulmonar mas enferme-
dad obstructiva cronica.

Con el método VGS, van Bokhorst (13) encontrd 6 estudios que
no mostraron ningun efecto predictivo sobre la mortalidad, ya
fuera por la HR (< 2) o por valores de p no significativos.

Una ventaja del CONUT es su aplicabilidad a pacientes con
dificultad para obtener el peso (7,36). En varios estudios, hasta
en un 26,4 % de casos no fue posible obtener el peso (37). En
otro estudio, solo en el 33,7 % de los pacientes el peso fue valido
(Powell, 2003).

En nuestro centro, el método automatico CONUT funciona des-
de hace mas de 15 afios (38). No aumenta la carga de trabajo y
permite identificar a los pacientes con riesgo de desnutricion y con
riesgo de presentar complicaciones desde el ingreso, al solicitar
una analitica diferida, aunque no se haya solicitado la albdmina.

Elia (2005) documenta cierta resistencia a la aplicacion del cri-
bado nutricional entre el personal del hospital debido a la carga
de trabajo que genera. Los métodos de cribado deben ser repro-
ducibles y rentables (7). Deben poder aplicarse en pacientes que
estan inconscientes 0 no pueden comunicarse (39). Los métodos
analiticos son indicadores del riesgo y del prondstico nutricional, y
son mas simples, confiables, versatiles y eficientes (40). Sin embar-
go, algunos autores no estan de acuerdo con la utilidad de los
parametros analiticos y ni siquiera los incluyen en su revision (13).

Este estudio tiene varias limitaciones. Es retrospectivo, se lleva
a cabo en una sola institucion y la mediana de seguimiento fue
de 90 dias, periodo que puede ser corto para concluir la super-
vivencia a largo plazo.

CONCLUSIONES

A nuestro entender, este estudio es el primero que estudia la
validez predictiva del CONUT en pacientes pluripatoldgicos en com-
paracion con dos test considerados “patrén oro”, y demuestra su
validez en la deteccion de complicaciones, reingresos y mortalidad.
Segun los resultados de este estudio, el CONUT puede considerar-
se, ademas de una herramienta sencilla de deteccion del riesgo de
desnutricion, que no es el objetivo de este estudio, en un predictor
de morbilidad y mortalidad. Permite realizar un cribado precoz de
manera simple, rentable, basada en la evidencia y universal.
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Resumen

Introduccion: en la poblacion estudiantil, el paso desde el sistema escolar al sistema universitario supone muchas veces una crisis vital norma-
tiva; uno de los desafios centrales de esta etapa consiste en mutar desde un sistema normativo externo en permanente funcionamiento hacia la
autorregulacion individual del comportamiento. Uno de los ambitos que se ven mas afectados con este cambio son los habitos de autocuidado,
entre los que destacan los cambios asociados al comportamiento alimentario de los estudiantes; su mayor repercusion suele ser una ganancia
de peso corporal acelerada, especialmente en los primeros afios de estudio.

Objetivo: caracterizar la presencia de los estilos de ingesta —Ia restriccion alimentaria, el comer emocional y el comer externo— en una
muestra de poblacion universitaria chilena.

Métodos: estudio exploratorio de tipo descriptivo y de corte transversal. La muestra se compuso de 1230 estudiantes universitarios (59,1 %
mujeres, 41,9 % hombres) con un promedio de edad de 21 afios (DE + 3,32). Se aplicd la version adaptada a la poblacion chilena del cuestionario
Dutch Eating Behavior Questionnaire.

Resultados: los puntajes promedio de la poblacion total para restriccion alimentaria, comer emocional y comer externo fueron de 2,56, 2,48 y
3,13, respectivamente. Se observaron diferencias de género en los tres estilos de ingesta.

Conclusion: el comer externo aparece como estilo de ingesta dominante sobre 1os otros dos. Lo anterior seria fundamental para comprender
los factores que inciden en la conducta alimentaria de los estudiantes universitarios chilenos y asi poder desarrollar intervenciones efectivas para
consolidar habitos alimentarios apropiados para la vida adulta.

Abstract

Introduction: in the student population, the transition from the school system to the university system often involves a normative life crisis; one of
the central challenges of this stage is the shift from an external normative system in permanent operation to individual self-regulation of behavior.
One of the areas most affected by this change are self-care habits, including the changes associated with the eating behavior of students, which
tend to have a greater impact on accelerated body weight gain, especially during the first years.

Objective: to characterize the presence of eating styles—restrictive eating, emotional eating, and external eating—in a sample of Chilean
university population.

Methods: this was an exploratory, descriptive, cross-sectional study. The sample consisted of 1230 university students (59.1 % women, 41.9 %
men) with a mean age of 21 years (SD + 3.32). The version adapted to the Chilean population of the Dutch Eating Behavior Questionnaire was
applied.

Results: the average scores of the total population for restrictive eating, emotional eating, and external eating were 2.56, 2.48, and 3.13,
respectively. Gender differences were observed for all three styles.

Conclusion: External eating appears as the dominant intake style. This is key to understand the factors affecting the eating behavior of Chilean
university students, and then develop effective interventions to consolidate eating habits appropriate for adult life.
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INTRODUCCION

La conducta alimentaria de los estudiantes universitarios en
general, y de los chilenos en particular, ha sido tema de estu-
dio relevante para las autoridades de salud y universitarias en
los Ultimos afios. Es conocido que el patron de alimentacion de
los universitarios a nivel internacional se caracteriza por estar
alterado en relacion a las cantidades de alimentos ingeridas, la
frecuencia de consumo y los tiempos de comida: es decir, los
estudiantes comen porciones mas grandes de las indicadas, ingi-
eren alimentos de mala calidad con mayor frecuencia y omiten
horarios de comidas, especialmente el desayuno (1-5). A nivel
nacional, ademas de presentar las caracteristicas anteriores, se
ha determinado que los estudiantes universitarios presentan bajo
consumo de frutas (solo el 3,1 % de los hombres y el 7,3 % de
las mujeres consumen las 5 porciones diarias recomendadas de
frutas y verduras), de productos lacteos (un 57 % cumple con la
recomendacion diaria nacional) y de pescados, y excesivo con-
sumo de aztcar y alimentos grasos. Paralelamente, al analizar
los tiempos de ayuno, se ha identificado poca regularidad en la
realizacion de los cuatro tiempos de comida tradicionales (desayu-
no, almuerzo/comida, merienda y cena), ya que mas de la mitad
de los universitarios refiere no consumir desayuno diariamente
(53 %), cerca de un tercio indica no almorzar/comer todos los dias
(35 %) y la mayoria presenta una muy baja frecuencia de cenas
(6-11). Finalmente, se ha observado que estos habitos alimen-
tarios poco saludables se traducen en alteraciones metabolicas
relacionadas con la nutricion, asf como en fluctuaciones e incre-
mento del peso corporal (12). Esta informacion indica que los
estilos de vida de los estudiantes en general, y su alimentacion
en particular, requieren atencion e intervenciones especificas que
permitan mejorar de forma efectiva sus indicadores de salud a
corto y mediano plazo.

Si bien la conducta alimentaria de los universitarios es un
fenomeno multidimensional, en esta investigacion se focalizara
la atencion en el rol que ejercen en la alimentacion las emociones,
las conductas alimentarias restrictivas y las cualidades fisicas de
los alimentos, ya que existen multiples hipétesis acerca de como
estos factores modificarian la ingesta (13-15).

Los primeros trabajos que indagaron acerca del nexo entre
emocion y conducta de salud fueron aquellos que evaluaron
la relacion entre miedo e higiene dental cerca de los afios 50
(16). La relacion entre emocion y alimentacion ha sido realzada
por la teoria psicosomatica de la obesidad, la cual propone
como supuesto principal que comer puede reducir la ansiedad
y que las personas con obesidad comen en exceso para reducir
el malestar psicoldgico. La teoria externa de la alimentacion
plantea la hipotesis de que las personas con exceso de peso
no reconocen las sefiales fisiologicas del hambre o la saciedad
debido a un aprendizaje defectuoso de la interpretacion de estas
sefiales en edades tempranas, ademas de ser mas susceptibles
a las cualidades fisicas de los alimentos, tales como el aroma,
el color, etc. (17).

En los Ultimos afios, existen diversas investigaciones acerca
de los distintos factores que inducen la sobreingesta, lo que se
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ha denominado “estilo de ingesta”. Seguin estas investigaciones
existirian tres tipos reconocidos de estilos de ingesta: restriccion
alimentaria, comer emocional y comer externo (18,19).

La restriccion alimentaria o comer restrictivo se destaca por
la tendencia a limitar la ingesta de alimentos de manera delib-
erada con el objetivo de mantener o disminuir el peso. Este
estilo de ingesta se caracteriza ademas por intercalarse con
la sobreingesta ocasional y se ha relacionado con la mayor
probabilidad de presentar en el futuro trastornos alimentari-
0S cOMo la anorexia nerviosa; ademas, recientemente se ha
observado que las personas que presentan comer restrictivo
también presentan mayor puntuacion en las escalas que miden
los afectos negativos (PANAS) y la ansiedad en comparacion
con aquellas que no lo presentan (20). En un estudio que bus-
caba diferenciar la respuesta ante las sefales externas de
comida (imagenes mas vividas) de un grupo de comedores
restrictivos con respecto a un grupo de control, se detecto que
el primer grupo consideraba que las mismas imagenes eran
mas vividas que el segundo, lo que se traduce en diferencias
en la intensidad de la percepcion de las sefiales externas. Se
ha visto que en las personas con un estilo de ingesta en el
que predomina la restriccion alimentaria, al hacer introspec-
cion acerca de las causas de la ansiedad y los significados de
los afectos, estos actlian como desinhibidores en relacion al
control de la alimentacion, dando como resultado un aumento
de la impulsividad, lo que a su vez Se relaciona con la sobrein-
gesta de alimentos y el uso de medidas compensatorias (como
purgas) en relacion al peso (20,21).

Al'igual que los otros estilos de ingesta, la restriccion alimen-
taria se ha estudiado mayoritariamente en la poblacion femenina;
sin embargo, en los Gltimos aflos ha aumentado el nimero de
estudios en la poblacion masculina. Se observa que los hombres
han aumentado sus niveles de insatisfaccion corporal consider-
ablemente en las Ultimas tres décadas. La preocupacion alimen-
taria en los varones gira en torno al nivel de musculatura mas
que de masa grasa, a diferencia de las mujeres. Los mayores
niveles de restriccion alimentaria (principalmente de productos de
pasteleria) se dan en los sujetos muy preocupados por el peso y
por la dieta en ambos sexos. Se ha demostrado que los hombres
(no asi las mujeres) con comer restrictivo presentan significativa-
mente mas resistencia a la insulina (valor HOMA e insulina basal)
que aquellos otros con menores puntajes, 1o que se traduciria
en problemas de regulacion del peso en general, independiente-
mente del estado nutricional (22-24).

El concepto de comer emocional 0 alimentacién emocional,
derivado de la teoria psicosomatica, se ha definido como “el
comer de alimentos, especialmente de los ricos en grasas y
azlcares, en respuesta a emociones negativas, como ansiedad,
depresion, rabia y soledad, para lidiar con los afectos, especial-
mente aquellos identificados como negativos” (25). Ademas, se
describe a los sujetos que presentan este tipo de ingesta como
aquellos que no pueden distinguir el hambre de los estados
emocionales negativos como el estrés, la angustia o la ansiedad
(26). Los procesos mediante los cuales influyen las emociones
negativas en la ingesta de alimentos, particularmente en el
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desarrollo del comer emocional, se han estudiado de forma
incipiente en los Ultimos afios. Se han establecido relaciones
directas y significativas entre estrés, aburrimiento, neuroticis-
mo, ansiedad, depresion, alexitimia, impulsividad y alteracion
de los estilos de ingesta, especialmente el comer emocional
(27-30). Los individuos que presentan tendencia a comer de
forma emocional responden con un aumento de la ingesta cuan-
do experimentan una emocion intensa y no una disminucion o
supresion de la sensacion de hambre, que seria lo esperado
biolégicamente (19). La alimentacion emocional también se ha
relacionado con la aparicion del trastorno de atracones, la buli-
mia y la anorexia nerviosa en etapas futuras (31-33).

El concepto de comer externo hace referencia a que se obser-
varia un aumento de la ingesta alimentaria, especialmente de
alimentos grasos o0 azucarados, en respuesta a las sefiales exter-
nas de dichos alimentos: es decir, la percepcion sensorial (como
el olfato o la vista) es lo que mediaria en la ingesta (34). En la
poblacion universitaria se ha demostrado que existe asociacion
entre el comer externo y el sindrome del comedor nocturno, espe-
cificamente en aquellos estudiantes que se levantan a estudiar
temprano en la madrugada o durante la noche, donde tienden a
ingerir alimentos de tipo “snack” (35).

Se puede sefialar, como rasgo caracteristico de todos los esti-
los de ingesta, que los individuos no reconocen con claridad las
sefiales internas para iniciar o detener el consumo de alimentos,
alterandose los patrones de alimentacion, lo cual podria tradu-
cirse en trastornos del peso, como la obesidad, o de la conducta
alimentaria propiamente dicha. Paralelamente se ha determina-
do que estas personas presentan poca capacidad de regulacion
emocional, limitados recursos de afrontamiento del estrés y baja
autoeficacia (29,36-38). Todo lo anterior facilita el hecho de
alimentarse de forma compulsiva y excesiva en determinados
momentos del dia. Por tanto, el problema no seria exclusivamente
la presencia de emociones negativas particulares e intensas sino
también la ausencia de estrategias internas para manejar estas
emociones, como la supresion del pensamiento y la evitacion
emocional (13,39-41).

Dado que la evidencia respalda que en los estudiantes univer-
sitarios existe riesgo de padecer distintas patologias relacionadas
con la ingesta de alimentos, y que se ha comprobado la relacion
entre las alteraciones del consumo de alimentos en funcion de
las emociones y otras variables, como obesidad, autoeficacia,
depresion, ansiedad y estrés (42-46), el objetivo de este estu-
dio se centra en caracterizar la presencia de la restriccion ali-
mentaria (RA), el comer emocional (CE) y el comer externo (CEx)
en la poblacién universitaria chilena, con el fin de establecer
un diagndstico preliminar, aportando informacién actualmente
no disponible a los profesionales de la salud y las autoridades
universitarias. Con este conocimiento se estara contribuyendo
a definir las bases de los futuros lineamientos de politicas, pro-
gramas e intervenciones tendentes a mejorar la alimentacion de
los universitarios, asi como a la prevencion de las enfermedades
cronicas y de salud mental, especialmente de los trastornos rel-
acionados con la alimentacion y el peso, en el contexto de la
educacion superior.
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MATERIAL Y METODOS

DISENO

La presente investigacion consistio en un estudio de tipo
exploratorio, descriptivo, observacional —no se realizo ninguna
manipulacion experimental de las variables evaluadas— y de
corte transversal.

PARTICIPANTES

La muestra se selecciond con criterios de conveniencia y estuvo
compuesta por 1230 estudiantes de pregrado, de ambos sexos,
procedentes de distintas universidades de las regiones de Arica,
Antofagasta, Coquimbo, Metropolitana, Bio-Bio, Los Lagos y Los
Rios (Tabla I).

Tabla I. Regiones de procedencia de los
participantes en funcion de su género

) Género
Regién de . Total
procedencia e | DR (n = 1229)
(n =726) (n =503)

) ) 2 1 3
Arica y Parinacota 03% 02% 02%
Tarapacé 3 - S

P 0,4 % i 0.2 %
141 62 203
Antof it
niotagasia 19,4 % 12,3 % 16,5 %
2 - 2
At

acama 0.3 % i 0.2 %
Coauimbo 102 48 150

d 140% 9.5 % 12,2 %
Valparaiso J 2 L

P 12% 0.4 % 0,9 %
Libertador Bernardo 14 12 26
0’Higgins 1,9% 2,4 % 2,1 %

2 1 3
Maul
aue 0.3 % 0.2 % 0.2 %
Biobio 367 330 697
50,6 % 65,6 % 56,7 %
Araucania 2 - 2
0,3 % - 0,2 %
1 - 1
Los Rios
' 0.1 % i 0.1 %
3 - 3
Los L
05 Hagos 04% : 02%
Metropolitana de 78 47 125
Santiago 10,7 % 9,3 % 10,2 %

En las celdas superiores se muestran las frecuencias y en las inferiores, los
porcentajes de las mismas con respecto al total de la columna. Los guiones
representan la ausencia de frecuencia.
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MATERIALES Y PROCEDIMIENTOS

Los participantes respondieron voluntariamente, en forma-
to de autorreporte, a una bateria diagndstica que contenia un
cuestionario para recoger datos sociodemograficos y la version
adaptada a la poblacion adulta chilena del Dutch Eating Behavior
Questionnaire (DEBQ) (47). Este instrumento esta compuesto por
3 subescalas: restriccion alimentaria (items 1 a 10), comer emo-
cional (items 11 a 23) y comer externo (items 24 a 33). Todos
los items se responden mediante una escala de tipo Likert de 5
puntos donde “nunca” se puntta con un 1y “muy a menudo”
con un 5. Los valores de consistencia interna obtenidos para
cada dimension (alfa de Cronbach) fueron: 0,88, 0,94 y 0,79,
respectivamente.

Antes de contestar al instrumento se solicitd a cada participante
la firma de un consentimiento informado que reunia todos los
aspectos sugeridos por las declaraciones de Helsinki y Singapur
en relacion a la ética de la investigacion con seres humanos
(48,49). Cabe sefialar que la recogida de datos se realizd tanto
en formato de papel como a través de una version digital de la
bateria, a la cual se accedia a través de un enlace.

ANALISIS DE DATOS

En primer lugar se realizd un andlisis descriptivo con la version
21.0 del programa estadistico SPSS para Windows con el fin de
obtener las caracteristicas de la muestra, como distribucion por
sexos y edades, procedencia geografica y situacion de habitabil-
idad (con o sin el grupo familiar), etc.

Para evaluar si existian diferencias entre los estilos de ingesta
en funcion del sexo y de si los sujetos vivian 0 no con su grupo
familiar se realizd la prueba ANOVA. Para determinar la relacion
entre las variables de edad y las subescalas del DEBQ se realiza-
ron correlaciones de Pearson. Posteriormente, para observar si
existia alguin estilo alimentario que dominara sobre los otros se
empled un modelo lineal general de medidas repetidas.
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RESULTADOS

La muestra estuvo compuesta por 1230 participantes, de los
cuales 727 eran mujeres (59,1 %) y 503 hombres (41,9 %), con
un promedio de edad de 21 afos (DE + 3,32). De este total, el
69,3 % vivian con algun familiar y el 30,7 % con amigos o solos.
A continuacion, en la tabla Il se comparan las puntuaciones de
las tres subescalas (Tabla Il).

Al comparar las tres subescalas del DEBQ se observan difer-
encias, siendo la mas significativa la de la subescala de comer
externo en relacién con las de comer emocional y restriccion
alimentaria. Es decir, el estilo de ingesta dominante en la mues-
tra universitaria estudiada seria aquel que se relaciona con la
ingesta motivada por factores ambientales y/o sensoriales. Es
importante observar que los puntajes promedios obtenidos en
las dimensiones de comer emocional y restriccion alimentaria son
similares o cercanos aunque, sin embargo, presentan diferencias
significativas a favor del comer emocional.

De acuerdo con los resultados obtenidos se observa que exis-
ten diferencias por sexo, siendo el grupo de mujeres el que puntud
significativamente mas en las tres subescalas del DEBQ (t,,: 8,12,
p<0,0001;t,,:7,18,p <0,0001;t,: 3, p = 0,003) (Tabla lll. Lo
anterior implica que las participantes de sexo femenino presentan
estilos de ingesta alterados, con tendencia a restringir 1o que se
come en funcion de las emociones negativas y los factores exter-
nos, en mayor medida que los participantes masculinos (Tabla Ill).

DISCUSION

En la poblacion estudiantil, el paso desde el sistema escolar al
sistema universitario supone muchas veces una crisis vital nor-
mativa debido a los multiples cambios que implica; uno de los
desafios centrales de esta etapa consiste en mutar desde un
sistema normativo externo en permanente funcionamiento hacia
la autorregulacion individual del comportamiento. Uno de los
ambitos que se ve mas afectado con este cambio son los habitos

Tabla Il. Promedio de puntajes totales y puntajes promedios de los items
de las subescalas del DEBQ en funcion del género de los participantes

Género
. Total (n = 1230)
Mujeres (n = 727) Hombres (n = 503)
27,23 (8,84)* 23,33 (7,898) 25,64 (8,67)
S de restriccion alimentaria
2,72 (0,88)* 2,33 (0,79 2,56 (0,87)
34,39 (13,95) 29 (12,21) 32,19 (13,52)
S de ingesta emocional
2,65 (1,07)* 2,23 (0,94) 2,48 (1,04)
31,84 (7,12) 30,6 (7,12) 31,33 (7,14)
S de ingesta externa
3,18 (0,71)* 3,06 (0,71) 3,13(0,71)

Las puntuaciones de las primeras filas indican el promedio de los puntajes totales y la desviacion estandar de las subescalas, las puntuaciones indicadas en las
segundas filas indican la puntuacion promedio de los items de las subescalas; *Indica diferencia significativa, con p < 0,005, al comparar ambos géneros; S:

subescala.
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Tabla lll. Comparacion de puntuaciones medias por items de las 3 subescalas

del DEBQ
. . . Diferencia de Intervalo de confianza del 95 %
Estilos alimentarios . P
media Limite inferior Limite superior
R [Em 0,088 0,038 0,003 0,172
IEx -0,569 0,000 -0,648 -0,491
Em RA -0,088 0,038 -0,172 -0,003
Ex -0,657 0,000 -0,719 -0,595
RA 0,569 0,000 0,491 0,648
B IEm 0,657 0,000 0,595 0,719

RA: subescala de restriccion alimentaria; IEm: subescala de ingesta emocional; IEx: subescala de ingesta externa.

de autocuidado, entre los que destacan los cambios asociados al
comportamiento alimentario de los estudiantes, con consecuen-
cias tales como patrones de alimentacion alterados, cambios en
el peso corporal y riesgo de padecer trastornos de la conducta
alimentaria. Debido a lo anterior, se vuelve importante indagar
acerca de los factores que condicionan la ingesta de los univer-
sitarios chilenos, abordando en este trabajo la presencia de estilos
de ingesta alimentaria alterados como son el comer emocional, el
comer externo y el comer restrictivo.

Al analizar los resultados de esta investigacion se puede
observar que los puntajes promedio de la muestra estudiada
para la restriccion alimentaria, el comer emocional y el comer
externo fueron de 2,56, 2,48 y 3,13, respectivamente. Lo ante-
rior implicaria que los universitarios chilenos se alimentarian en
mayor proporcion en funcion de la oferta de comida externa y
la percepcion sensorial que esta les genera. Esto se condice
con los resultados obtenidos en uno de los primeros estudios
que midieron los tres estilos de ingesta en una poblacion sana
y joven holandesa con el mismo instrumento (DEBQ) usado en
esta investigacion, donde el comer externo fue también el estilo
de ingesta mas prevalente con un puntaje de 2,66 (18). En otra
investigacion realizada en una poblacion universitaria del Reino
Unido se determind un puntaje promedio cercano a 3,4, muy
similar a lo obtenido en nuestro estudio (50). La importancia de
identificar los puntajes de cada subescala en diferentes muestras
radicaria en que ello permite comparar de forma mas detallada
el comportamiento alimentario de los universitarios chilenos con
el de jovenes de otros paises, pudiendo comprender el fendmeno
de forma mas globalizada. Ademas, en este caso en particular, se
podrian tomar medidas especificas en cada poblacion estudiada
0 en cada institucion de educacion superior, como es el caso de
algunos estudios donde se intervinieron las cafeterias y lugares
de venta de comida para modular el comportamiento alimentario
de los estudiantes (51,52).

Al revisar la escala de restriccion alimentaria se puede identifi-
car que este estilo de ingesta figuré en segundo lugar, por detras
del comer externo. Esto supone que el hecho de medir y disminuir
la cantidad y el tipo de alimentos ingeridos con el objetivo de man-
tener o disminuir el peso corporal s una preocupacion presente
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en la muestra estudiada, tanto en hombres como en mujeres. Es
importante destacar que las emociones negativas (animo bajo,
miedo, aburrimiento, sintomas depresivos, etc.) podrian reducir
el consumo de alimentos de forma fisiolgica, como lo plantea
Macht (53); sin embargo, al hablar de restriccion alimentaria, en
este caso nos referiremos a la reduccion voluntaria y controlada
de la ingesta de alimentos con fines especificos de control del
peso corporal. Existen estudios previos, en una poblacion adul-
ta joven chilena, que confirman la relacion entre este estilo de
ingesta y el sexo femenino (20,54). Sin embargo, en los ultimos
anos se ha estudiado este fenémeno en una poblacion masculina
chilena, llegandose a la conclusion de que los hombres restringen
ciertos alimentos de la dieta (pasteleria) en funcion de su satis-
faccion con la vida y al notar discrepancias corporales cuando se
comparan con un ideal externo. El objetivo de la restriccion en
ellos es mejorar la masa muscular mas que disminuir la grasa
corporal. Finalmente, cabe mencionar que se ha reportado que la
insatisfaccion corporal ha aumentado en los hombres de un 15 %
aun 40 % en los Ultimos 30 afos (22), y que un estudio reciente
realizado en una poblacion americana determind que la relacion
entre restriccion alimentaria y pérdida de peso reciente era mas
solida en los hombres que en mujeres (20).

Con respecto al comer emocional, se ha observado en diferentes
estudios que este estilo se manifiesta con menor fuerza tanto en
la poblacion general como entre la poblacion femenina: es decir,
ha sido el estilo detectado con menor frecuencia, en comparacion
con los otros dos (18,55). Lo anterior se condice con lo obtenido en
este estudio para la muestra total, donde el puntaje fue el menor
de todos (2,48), lo que a su vez se repite en la poblacion adul-
ta caucdsica holandesa antes citada (56). Al respecto, se puede
sefialar que se ha observado en mujeres adolescentes y jovenes
un aumento de la ingesta mediada por las emociones en ciertas
etapas del ciclo menstrual, como la fase periovulatoria, 1o que
sugiere que la presencia de las hormonas reproductivas femeninas
influiria en el tipo y la cantidad de alimentos consumidos (55).
Lo anterior se ha visto reforzado a través de un gran ndmero de
estudios que han demostrado que el comer emocional se da mas
en mujeres que en hombres en distintas partes del mundo, al igual
que en esta investigacion (18,38,55,57).
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De acuerdo con lo anterior, se ha podido establecer un diag-
nostico preliminar en la poblacion universitaria chilena, donde se
demuestra que existen factores psicoldgicos y del entorno que
influyen en la alimentacion, en mayor medida entre la poblacion
femenina universitaria. Si bien los mecanismos mediante los
cuales se puede hacer esta transferencia no son motivo de esta
investigacion, al identificar la magnitud en que se presentan estos
componentes se puede analizar su implicacion en los estilos de
vida, particularmente en relacion con el estado nutricional y los
trastornos de la conducta alimentaria. Ademas, se ha relacionado
la calidad de la alimentacion con el rendimiento académico, el
bienestar subjetivo, la satisfaccion con la vida y la satisfaccion
con la alimentacion, por 1o que las consecuencias alcanzan aristas
académicas y de otros ambitos (58). Por todo lo anterior, seria
importante poder contar con informacion en cada establecimien-
to de educacion superior con el fin de desarrollar mecanismos
de apoyo especificos para los estudiantes con respecto a estas
tematicas.

Dentro de las limitaciones del estudio se podria indicar que la
muestra fue intencionada, lo cual limita la capacidad de extrapo-
lacion de los hallazgos del presente trabajo. En tanto, como proye-
ccion de esta investigacion y una vez conocidas la magnitud y
la distribucion de los estilos de ingesta en la poblacion joven
chilena, toma gran relevancia planificar intervenciones que logren
un cambio de conducta efectivo, centradas en los aspectos que se
relacionaron con mas fuerza con la conducta alimentaria en este
grupo, es decir, en su entorno alimentario. Especificamente, en el
caso del presente estudio, serfa de utilidad evaluar la posibilidad
de intervenir en el entorno de la oferta de alimentos, ya que la
poblacién presenta tendencia a sobrealimentarse en funcion de
la sensacion producida por la exposicion a determinados tipos
de alimentos; asi mismo, se podrian utilizar campafas de comu-
nicacion y/o intervenciones en los locales de expendio de ali-
mentos (59-60). Paralelamente, seria de interés desarrollar una
propuesta de cardcter psicoeducativo centrada en el control de
las emociones y la autoeficacia, siguiendo alguna linea terapéutica
basada en la evidencia como, por ejemplo, la terapia cognitivo
conductual (61).

Finalmente, cabe sefalar que este estudio es el primero en
Chile que se realiza con el objetivo de explorar la distribucion y
magnitud de los estilos de ingesta denominados como “restric-
cién alimentaria”, “comer emocional” y “comer externo” en una
poblacion universitaria chilena. Por lo anterior, corresponde a una
contribucion importante en términos de tener una linea de base
con la cual comparar resultados de investigaciones futuras y,
sobre todo, para identificar grupos o poblaciones de riesgo hacia
los cuales se puedan dirigir intervenciones efectivas. Asimismo,
se considera importante desde el punto de vista de la heteroge-
neidad de la muestra el hecho de que se hayan incluido estudi-
antes universitarios de diversas proveniencias geograficas, 1o que
permite realizar una mirada global al comportamiento alimentario
de los universitarios a lo largo de nuestro pais.

Como directrices para futuras investigaciones, se proyecta que
este estudio exploratorio pueda extenderse a un mayor nimero
de regiones mediante un muestreo adecuado para establecer
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prevalencias y obtener asi mas informacion que permita tomar
decisiones de salud en cuanto a programas de prevencion y
promocion de estilos de alimentacion saludables dentro de las
universidades; estos permitirian mejorar las cifras de malnutricion
en las poblaciones universitarias y otras. Asi mismo, se sugiere
evaluar poblaciones mas jovenes a fin de comprender mas pre-
cozmente como se comporta la alimentacion de los pre-escolares,
escolares y estudiantes de ensefianza media en cuanto a los
estilos de ingesta evaluados en este estudio. Finalmente, seria
interesante estudiar la relacion de estos estilos de ingesta con
variables o indicadores propios del desempefio académico tal
como la autoeficacia académica, el rendimiento académico, la
permanencia o la titulacion oportuna.
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Abstract

Background: to date, gluten-free (GF) diet is the only treatment available for individuals with celiac disease. Both individual and collective food
intake assessments are a challenge because a food composition database of GF products (GFPs) is lacking.

Objectives: to describe the process of developing a food composition database of GFPs, and to compare the nutritional profile and price of
some GFPs and non-GFPs.

Methods: initially, a total of 216 brands of GFPs marketed in Spain were recorded. Nutritional information was collected from nutritional labels
and product fact sheets that had been provided by food companies or collected first-hand by researchers. Then, the nutritional profile and price
of the cereal and cereal byproducts foodstuff groups, including 19 types of products, were compared. Statistical analyses were performed using
the SPSS statistical program (22.0 edition; SPSS, Chicago, IL, USA).

Results: a total of 2,247 GFPs from 126 different foodstuff brands were included in the food composition database of GFPs (CELIAC-BASE).
Keywords: We classified these products into 14 foodstuff groups. The protein content of the GFPs studied was significantly lower, and the price was higher,
than that of their non-GFP counterparts. Some, but not all, GFPs had a higher content of fat and sugar, and a lower content of dietary fiber as

Celiac disease. compared to their non-GFP counterparts. Some GFPs were up to 6 times more expensive than the corresponding non-GFPs.

Nutritional
assessment. Gluten- Conclusions: CELIAC-BASE is a pioneering tool for dietitians. Many GFPs have poor nutritional profiles and should be consumed only occasionally
free diet. in a balanced GF diet.

Received: 27/01/2020 e Accepted: 27/04/2020

Conflicts of interest and source of funding: Jordi Salas-Salvado reports serving on the board of the International Nut and Dried Fruit Council, the Danone International
Institute, and of the Eroski Foundation, and also receiving grant support from these entities through his institution. He also reports serving on the Executive Committee of
the Instituto Danone Spain. He has received for free olive oil and nuts from the California Walnut Commission, Sacramento, CA, USA; Patrimonio Comunal Olivarero, Spain;
La Morella Nuts, Spain; and Borges S.A., Spain, to be used for the PREDIMED study participants. He reports receiving consulting fees or travel expenses from Danone, the
California Walnut Commission, the Eroski Foundation, the Instituto Danone Spain, Nuts for Life, the Australian Nut Industry Council, and Nestlé. The other authors of the
present study declare no conflicts of interest.

Specific author contributions: Nancy Babio designed the study, wrote the manuscript, had full access to all the study data, is responsible for the integrity of the data and
the accuracy of the data analysis, and approved the final version to be published. Ndria Llado-Bellette and Maria Besora-Moreno wrote the manuscript, had full access to
all the study data, analyzed and interpreted the results, and revised and approved the final version of the manuscript. Pablo Herndndez-Alonso had full access to all the
study data, analyzed and interpreted part of the results, and revised and approved the final version of the manuscript. Gemma Castillejo, Nria Guillén, Francesc Martinez-
Cerezo, Elisenda Vilchez, Esther Roger, and Jordi Salas-Salvado had full access to the data, and revised critically for important intellectual content and approved the final
version of the manuscript.

Acknowledgments: we want to thank all those brands that collaborated in the project by providing fact sheets of their products. Some of them gave us free samples of
their GFPs. Last, but not least, we want to thank Rovira i Virgili Publications for making this tool available online.

Babio N, Lladd-Bellette N, Besora-Moreno M, Castillejo G, Guillén N, Martinez-Cerezo F, Vilchez E, Roger Correspondence:

E, Hernandez-Alonso P, Salas-Salvadd J. A comparison of the nutritional profile and price of gluten- Nancy Babio. Universitat Rovira i Virgili. Departament
free products and their gluten-containing counterparts available in the Spanish market. Nutr Hosp de Biogquimica i Biotecnologia. Unitat Nutricid Humana.
2020;37(4):814-822 C/ Sant Lloreng, 21. 43201 Reus, Tarragona. Spain

e-mail: nancy.babio@urv.cat
DOI: http://dx.doi.org/10.20960/nh.03016

©Copyright 2020 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/).



A COMPARISON OF THE NUTRITIONAL PROFILE AND PRICE OF GLUTEN-FREE PRODUCTS AND THEIR GLUTEN-CONTAINING 815
COUNTERPARTS AVAILABLE IN THE SPANISH MARKET

Palabras clave:

Enfermedad

celiaca. Evaluacion
nutricional. Dieta libre
de gluten.

Resumen

Introduccion: hasta la fecha, una dieta sin gluten (SG) es el Gnico tratamiento para las personas con enfermedad celiaca. Tanto las evaluaciones
de ingesta de alimentos individuales como las colectivas son un desafio debido a la falta de una base de datos de composicién de productos
SG (PSG).

Objetivos: describir el proceso de desarrollo de una base de datos de composicion de PSG y comparar el perfil nutricional y el precio de algunos
PSG y productos con gluten.

Métodos: inicialmente, se registraron un total de 216 marcas de PSG comercializadas en Espafa. La informacién nutricional se recopil de las
etiquetas nutricionales y hojas informativas de los productos, que habian sido proporcionadas por las compafiias de alimentos o recopiladas de
primera mano por los investigadores. Luego, se compararon el perfil nutricional y el precio de los grupos de cereales y subproductos alimenticios,
incluidos 19 tipos de productos. Los andlisis estadisticos se realizaron utilizando el programa estadistico SPSS (edicion 22.0; SPSS, Chicago,
IL, EUA).

Resultados: se incluyeron un total de 2247 PSG de 126 marcas de alimentos diferentes en la base de datos de composicion de PSG (CELIAC-BA-
SE). Clasificamos estos productos en 14 grupos de alimentos. El contenido de proteinas de los PSG estudiados fue significativamente menor,
y el precio de los mismos fue mas alto, que el de sus homologos con gluten. Algunos PSG, pero no todos, presentaron un mayor contenido de
grasa y azdcar, y un menor contenido de fibra dietética, que sus homdlogos con gluten. Algunos PSG eran hasta 6 veces mas caros que sus
homélogos con gluten.

Conclusiones: CELIAC-BASE es una herramienta pionera para dietistas-nutricionistas. Muchos PSG tienen perfiles nutricionales no saludables
y deben consumirse solo ocasionalmente en una dieta equilibrada libre de gluten.

INTRODUCTION

Celiac disease is a chronic immune-mediated systemic disorder
elicited by gluten intake in genetically predisposed subjects, and
characterized by gluten-dependent clinical manifestations, CD
antibodies, HLA-DQ2 or HLA-DQ8 haplotypes, and enteropathy
(intestinal mucosa damage) (1-3). This disease may lead from
mild to severe symptoms, and may sometimes cause severe
complications (1,2,4).

The prevalence of celiac disease ranges from 0.5% to 1% in
Europe and the United States, and available data suggest that
celiac disease incidence is truly increasing (1,5).

A gluten-free (GF) diet is, to date, the only treatment avail-
able, which should always be strictly followed by these individu-
als (6-9). However, it is difficult to make individual and collective
food consumption assessments because of the lack of a GFP food
composition database of the GFPs available at stores. Although
there is little data on nutritional quality (6,10-12), some authors
have studied the nutritional quality of GFPs and concluded that it
differs from that of their gluten-containing counterparts (6,10,12).
Therefore, in order to plan a balanced GF diet or to assess the food
consumption of individuals with celiac disease it is essential to
have access to a national food composition database. In addition,
there is a perception that GFPs are healthier than their gluten-con-
taining counterparts and, consequently, the popularity of GFPs has
increased among consumers (11). However, Wu and coworkers
evaluated more than 600 GFPs in Australian supermarkets and
demonstrated that it is unlikely that GFPs have health benefits in
individuals without celiac disease, mainly because GFPs contain
less protein and are generally more costly than non-GFP (11).

Despite the increasing demand for and consumption of GFPs,
the assessment of their nutritional profile is inconclusive. There
are few food composition databases of GFPs (10,13) but none
of them contains a significant list of the ever-increasing num-
ber of products. To the best of our knowledge, to date, only two
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GFP composition databases have been published (10,13). One is
from Italy and contains 60 products from 5 brands (10), and the
other is from Austria and contains 63 products (13). Additionally,
there are other tools or mobile applications for GFPs that provide
information about their ingredients and nutritional composition by
scanning the package barcode. The Gluten Free Food Checker
App would be an example of this type of tool (14). To date, there
is no similar database in Spain.

Therefore, the main objective of the present study was to devel-
op a Spanish food composition database of packaged GFPs. A
secondary objective was to compare the nutritional profile and
price of grain-based GFPs and their equivalent gluten-containing
products.

METHODS

STUDY DESIGN

We designed a descriptive and comparative study on the nutri-
tional profile and price of some GFPs and their non-GFP coun-
terparts. As part of the study, we developed a food composition
database of the GFPs marketed in Spain.

SAMPLE

A total of 216 brands of foodstuffs for individuals with celiac
disease and processed foodstuffs containing no gluten were taken
from the annual list of GFPs provided by the Associacid Celiacs
de Catalunya (Celiac Association of Catalonia).

The GFPs included were selected only from those brands that
provided fact sheets, nutritional labeling or ingredients, which
had updated information on their official websites, or which did
not answer to the contact request but provided their nutritional
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information elsewhere (official websites of grocery stores and/or
distributors, the product could be accessed directly).

Exclusion criteria included foodstuffs that are naturally GF; food-
stuffs that naturally contain gluten; gluten-containing processed
foodstuffs; foodstuffs and/or food products that meet the inclusion
criteria but have no or incomplete nutritional information; or prod-
ucts that were not sold in Spain.

STUDY PRODUCTS

The foodstuffs assessed in this study were: a) specific food-
stuffs: groups of products designed and produced for celiacs
(GFPs such as bread, pasta and pastries); b) processed foodstuffs:
foodstuffs or food products that should not contain gluten but, due
to contamination during the production chain, may retain traces.
These were included when their nutritional label certified, with
a GF logo or claim, the absence of gluten (cold meats, sauces,
broths, cheese spread, etc.) (15).

The foodstuff subgroup of cereals and cereal byproducts includ-
ed 19 types of products: bread and bread byproducts (baguette,
sandwich bread, toasts, bread rolls); pasta and pasta byproducts
(pasta); pizza, (pizza dough, ham pizza, cheese pizza); breakfast
cereals (cornflakes, chocolate cereal, muesli); bakery and pastries
(croissants, muffins, puff pastries, chocolate sponge cake); bis-
cuits (Marie biscuits, American cookies, chocolate-filled biscuits);
and baby biscuits (biscuits). They were all assessed and their
nutritional composition and price compared.

For the comparison, we obtained three non-GF brands for
each type of GFP used, two of which were popular brands in the
Spanish market whereas the other one was a low-cost or generic
brand in Spain. It is important to emphasize that all the non-GFPs
selected were similar to their GFP counterparts. This selection
criterion was made so that the comparison would be uniform
between the different compared products. However, we did not
follow the same selection criterion for baby biscuits and baguettes
because the search became extremely difficult. In these cases
we obtained three popular brands in the Spanish market for baby
biscuits, as well as one popular Spanish brand and two low-cost
Spanish brands for baguettes.

The protocol was certified by our local institutional review board,
and did not require evaluation by that committee.

PROCEDURE

From official institutions such as the Celiac Association of Cat-
alonia and the Federacion de Asociaciones de Celiacos de Espana
(FACE) (Spanish Federation of Celiac Associations), which certify
GFP brands in Spain, we obtained the annual list (2018) of GF
products so that we could locate the brands currently available
at Spain. These brands offer a broad spectrum of GFPs that are
characteristic of the Spanish GFP market.

After we had contacted retailers, we classified the brands
according to the information provided (fact sheets, updated infor-
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mation on their official websites, grocery stores, official websites,
distributors, or the product directly).

Those brands that did not answer to our contact request or that
provided no or incomplete nutritional information were excluded.

The nutritional information for different products and brands
was stored in a Microsoft Access digital database. The nutritional
information about the products in the database was given in terms
of quantity of macro- and micronutrients per 100 g of food, as
shown on the mandatory nutritional labels of products, and also
included the full range of nutrient data in conventional food com-
positional tables.

Although some information was not available, this database has
the following fields: product code (foodstuff numerical identifica-
tion), foodstuff group (classification of different foodstuff groups
into categories), foodstuff subgroups (classification of different
foodstuff groups into categories), foodstuff name (commercial
name of each foodstuff product), brand (commercial brand name),
brand code (brand numerical identification), calories (kcal/100 g),
water (mL/100 g), edible portion, macronutrients (total pro-
tein, animal protein, vegetable protein, total fat, saturated fatty
acids, monounsaturated fatty acids, polyunsaturated fatty acids,
trans-fatty acids, total carbohydrates, sugars, fiber; all in g/100 g),
cholesterol (mg/100 g), polyalcohol compounds (g/100 g), min-
erals, vitamins, net weight (g or mL) and serving size (g or mL).

The cereals and cereal byproducts representing the most com-
monly consumed grain-based processed foods were compared in
terms of their nutritional profile (mandatory nutritional information
on the food label) and their price. In regard to the data collection,
all products were collected within a period of seven months (June
2017-January 2018). After including all the products, price data
were collected for each product between January and February
2018.

Given the diversity of products and their different formats, to
facilitate comparison cost was standardized as price per weight
of product (€/kg of product).

STATISTICAL ANALYSES

Quantitative data are presented as median [IQR] considering
both the non-normal distribution of the studied variables in each
food group and category (GFP and non-GFP), and the reduced
sample size of the GFP categories. Therefore, in order to confirm
potential differences between GFP and non-GFP categories, sta-
tistical analyses were performed using the non-parametric Wilcox-
on’s test. The R software (version 3.5.1) was  used to execute all
statistical analyses. A p-value < 0.05 was considered significant.

RESULTS

In order to construct the food composition database, 216 GF
brands available in the Spanish market were recorded. After that,
90 brands were excluded because no nutritional information was
available. Finally, a total of 126 brands and 2,247 products were
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Potential brands
(n=216)

Excluded brands (n = 90):

e No answer to contact request
(n=49)

e Unwilling to collaborate (n = 26)

o International brands not usually
marketed in Spain (n = 15)

Selected brand
(n=126)

Included products
(n=2247)

Table I. Gluten-free product classification
in foodstuff groups and subgroups
from CELIAC-BASE

Foodstuff
groups (n = 14)

Foodstuff subgroups
(n = 36)

Cereal and cereal
by-products
(n = 946)

Bread and bread byproducts (n = 256)
Bakery and pastries (n = 230)

Biscuits (n = 124)

Pasta and pasta byproducts (n = 120)
Flour, bread, and bakery mixes (n = 71)
Breakfast cereal (n = 68)

Pizza (n = 39)

Ready-to-eat meals (n = 36)

Other (n=2)

Figure 1.
Flow chart of gluten-free brands and products included in CELIAC-BASE.

included in the CELIAC-BASE (Fig. 1). All these products were
classified in 14 foodstuff groups and, more specifically, in 36
foodstuff subgroups (Table I).

The database was largely built on the basis of the mandato-
ry nutritional information of the products reported on the food
label. However, CELIAC-BASE has several specific nutrient fields
that could only be completed for those products whose brands
provided fact sheets or ingredient information (see Supplemental
Digital Content). CELIAC-BASE was previously published by the
Universitat Rovira i Virgili and has open online access at http://
digital.publicacionsurv.cat/index.php/purv/catalog/book/334.

Table Il shows the comparison of nutritional profiles and prices
for the two types of products studied. The protein content of the
GFPs studied was significantly lower, and their price was higher
than that of non-GFP products. A few GFPs presented a signifi-
cantly higher content in fat (baguette, bread rolls), SFA (baguette)
and sugar (bread rolls, pizza dough) than their non-GFP coun-
terparts. In contrast, a few non-GFPs presented a significantly
higher content of SFA (puff pastries) or sugar (sandwich bread,
pasta, muffing).

As far as energy content goes, chocolate-filled biscuits with
gluten had significantly more calories than their GF counterparts.
Even though no statistical differences were found between the two
types of most bakery products, pastries and biscuits, the content
of sugar, fat, and SFA was high in both GFPs and non-GFPs.

Finally, sodium was the only nutrient that showed no significant
differences in any of the products used in the comparison.

The price was the category that presented significant differ-
ences in the largest number of products (in 15 out of 19 prod-
ucts). Nevertheless, all GF products were more expensive than
gluten-containing products. The price difference can be anything
from a ratio between 1.3 and 6.9 higher in GFPs (Fig. 2 and
Table 1l). The most significant price difference between the two
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Meat, poultry, and
meat byproducts
(n =349

Meat, poultry and byproducts (n = 255)
Cold meat and cold meat byproducts (n = 48)
Ready-to-eat meals (n = 33)

Broths (n = 20)

Sweets and sweet

Chocolate and chocolate byproducts (n = 169)

byproducts Candy (n = 47)
(n=239) Turrén (nougat) and its byproducts (n = 22)
Yogurt and yogurt byproducts (n = 53)
Dairy and dairy Dairy desserts (n = 53)
by-products Ice cream (n = 35)
(n=190) Cheese (n = 33)
Milkshakes (n = 16)
Ready-to-eat meals (n = 93)
Vegetables Soups (n = 19)
Vegetable spreads (n = 13)
and legumes
(n=137) Broths (n = 8)
B Pasta and pasta by-products (n = 3)
Flour, bread and bakery mixes (n = 1)
Sauces and spices | Sauces (n = 109)
(n=116) Spices (n=7)

Snacks (n = 106)

Snacks (n = 106)

Fish, seafood and
fish by-product

Canned food (n = 28)
Ready-to-eat meals (n = 27)
Fish by-products (n = 19)

(n=288) Broths (n = 13)

Soups (n=1)

Baby food (n = 18)
Baby foodstuff Baby S(.)UDS. (=13
(= 36) Baby biscuits (n = 2)

Baby formula (n = 2)

Bread and bread by-products (n = 1)
Drinks and drink Non-alcoholic drinks (n = 7)
by-products (n = 13) | Alcoholic drinks (n = 6)
Fruit and fruit

by-products (n =12)

Dried fruit (n = 12)

Nuts and seeds
h=9

Nuts (n = 9)

Tuber and tuber
by-products (n = 5)

Ready-to-eat meals (n = 5)

Fats and oils (n = 2)

Margarine (n = 2)
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Baby biscuits

Chocolate filled biscuits*
American cookies*
Marie biscuits

Chocolate sponge cake*

Puff pastries*
Muffins*

Croissants*
Muesli*
Chocolate cereal*
Cornflakes*
Cheese pizza
Ham pizza

Pizza dough*
Pasta*

Bread rolls*

Toasts*

Sandwich bread*

Table Il. Comparison of nutritional composition profile and price between gluten-free and non-gluten-free products

Baguette*

=}
W
=)
a
[
=1
I
[

Non-gluten free products = Gruten free products

Figure 2.

Comparison of price (€/kg) between study gluten-free and non-gluten-free prod-
ucts. *p-value < 0.05.

product categories was found in the pasta group, which presented
a difference of 586%. In contrast, the lowest percentage differ-
ence (32.7%) observed was for baby biscuits (Table II).

DISCUSSION

The present study describes the development of a food com-
position database of GFPs in Spain, and compares the nutritional
profile and price of some GFPs and their non-GFP counterparts.

The results of the study show that GFPs had a significantly
lower content of protein. The only significant differences in the
other nutrients evaluated were found in specific nutrients and
foodstuff products. Nutrients associated with a worse nutritional
profile — for example, saturated fatty acids and sugars — were not
always found in more substantial amounts in GFPs than in their
counterparts with gluten. In terms of price, GF products were up
to 6.9 times more expensive than their equivalents.

These results are in line with previous studies (13) since they
also found that GFPs had a lower protein (11-13) content and
were more expensive (11,13,16-20).

Some studies suggest that protein content is lower due to the
use of GF cereals as substitutes for wheat, which contains a larg-
er quantity of protein (16). A study from 2014, which came up
with the same nutritional comparison between both categories of
products, found out that GF bread had significantly more calories,
more fat, and less protein than bread with gluten.

N. Babio et al.
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The same study found that GF pasta had more fat, saturated
fatty acids, and sodium, and less fiber, sugar and protein. In all
cases the differences were statistically significant. The results
of our study agree with these results only in the fact that GF
pasta has less sugar and both GF pasta and GF bread have less
protein (p < 0.05) (12). A study published in 2018 focused on
gluten-free products targeting children reported that gluten-free
products contain lower amounts of sodium, total fat, and saturated
fatty acids (21). However, in line with the present study, the total
protein count was lower in baby biscuits specifically, and sugar
content was similar to that in their non-GFP counterparts (21).

In line with the published scientific literature that analyzes
GFPs, it does indeed follow that these products are more expen-
sive (11,13,16-20). GFPs are usually made with GF cereals,
such as corn and rice, which are more expensive than wheat,
and the absence of gluten limits the handling of these specific
ingredients. On the other hand, GF products are subjected to
mandatory strict tests to ensure that their gluten content is
lower than 20 ppm, which might be another reason why GFPs
are high priced.

Regarding sodium, saturated fat and total sugars content, for
the most part, GF and non-GF products were similar, in line with
some authors (11,13), but differently than in other studies (12,22).
In order to improve the organoleptic properties of GFPs, which are
often affected by the extraction of gluten, studies have observed
that GFPs have higher amounts of fat, sugar and sodium (22).
Maybe Spanish companies are making an effort to improve the
nutritional profile of their GFPs.

In line with our results, regarding the energy profile, some
studies reported that GFPs in general exhibited caloric values
comparable to those of non-GFPs (10,11,13,23,24), while oth-
er authors found a lower energy density in GF bakery prod-
ucts (12).

Several studies evaluate the diet adequacy and the nutritional
status of patients with celiac disease (13). Currently, there is
controversy over the nutritional balance between a GF diet and
a regular gluten-containing diet. In fact, our research group
detected nutritional deficiencies in GF diets and concluded that
patients do not make balanced food group choices (25). They
also have an excessive intake of specific GF foodstuff. Thus,
considering that GFPs are processed products (with a high
quantity of ingredients and sugar; maltodextrins and fats are
frequently present), individuals with celiac disease or suffering
other gluten/wheat disorders should consume these products
only occasionally.

The main strength of the present study is that the food composi-
tion database of GFPs attempts to be an innovative tool that will help
evaluate nutritional adequacy in individuals with celiac disease. Itis
important to note that this should be a task for registered dietitians
only to increase the adherence and improve the adequacy of a GF
diet. It is recommended that there be a continuous follow-up of
these subjects with a trained registered dietitian (3,7).

Our study has some limitations. For example, it obtains the
nutritional information from food labeling instead of from chemical
analyses, which is a more objective and precise procedure. Con-

[Nutr Hosp 2020;37(4):814-822]

sequently, we could not record complete information on micronu-
trients. Another limitation is the reduced number of non-GF brands
used for the nutritional comparison with the GF brands, but they
were popular brands or low-cost Spanish brands.

CONCLUSION

CELIAC-BASE is a pioneering tool for dietitians that will help
them with the dietary assessment of individuals with celiac dis-
ease. Some critical nutrients must be monitored in a balanced GF
diet with GF products. Therefore, individuals with celiac disease
or other gluten/wheat disorders should consume these products
only occasionally.
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Resumen

Introduccidn: la migracion se ha asociado al desarrollo de enfermedades cronicas no transmisibles como obesidad, diabetes, hipertension
y enfermedades cardiovasculares. Del mismo modo, la transicion de la alimentacion durante la migracion se ha relacionado con un consumo
elevado de alimentos altos en azlicares refinados y grasas saturadas. Existen caracteristicas especificas del comportamiento alimentario que
pueden influir en la calidad de la alimentacion de la poblacion migrante.

Objetivo: comparar el comportamiento alimentario de la poblacién colombiana y la chilena residentes en el norte y centro de Chile.

Método: se aplicd a 1872 individuos, chilenos y colombianos, la entrevista estructurada E-TONA, enfocada en evaluar los componentes con-
ductuales de los habitos alimentarios cotidianos y andmalos. Se realizaron andlisis descriptivos de distribucion de frecuencias y regresiones
logisticas, y se calcularon los odds ratios.

Resultados: existen diferencias significativas en la mayoria de las conductas alimentarias, tanto cotidianas como andmalas, entre los chile-
nos y los colombianos migrantes. Los chilenos tienden a seguir horarios més regulares y a “picar” mas entre comidas que los migrantes. Los
migrantes tienen el doble de riesgo de comer solos por sentir verglienza de la cantidad y velocidad con la que comen, tienden a ejecutar menos
conductas relacionadas con una mejor calidad de la dieta y suelen estar menos preocupados por su alimentacion que los chilenos; sin embargo,
los chilenos tienen casi el doble de probabilidades de darse atracones de comida y utilizar los alimentos como método para calmar la ansiedad.

Conclusion: existen diferencias significativas en la mayoria de los comportamientos alimentarios evaluados que deben ser abordadas en
profundidad considerando las diferencias culturales.

Abstract

Introduction: migration has been associated with the development of chronic noncommunicable diseases such as obesity, diabetes, hyperten-
sion, and cardiovascular disorders. Similarly, the food transition during migration has been related to a high consumption of foods high in refined
sugars and saturated fats. There are specific characteristics of the eating behavior that may influence quality in the migrant population’s diet.

Objective: to compare feeding behavior between the Colombian and Chilean populations residing in the north and center of Chile.

Method: the structured interview E-TONA, focused on assessing the behavioral components of daily and anomalous eating habits, was adminis-
tered to 1,872 individuals, both Chileans and Colombians. Descriptive analyses of frequency distribution and logistic regressions were performed,
and odds ratios were calculated.

Results: there are significant differences in the majority of eating behaviors, both daily and anomalous, between Chileans and Colombian migrants.
Chileans tend to follow more regular schedules and “snack” more between meals than migrants. Migrants have twice the risk of eating alone
because they feel ashamed of their eating amount and speed, tend to show fewer behaviors related to better quality in their diet, and tend to be
less worried about their diet than Chileans; however, Chileans are almost twice as likely to binge on food and use food as a method to calm anxiety.

Conclusion: there are significant differences in most of the evaluated eating behaviors that must be addressed in depth considering cultural
differences.
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INTRODUCCION

La migracion puede entenderse como el desplazamiento de
personas de un Estado a otro, con independencia de su tama-
flo, composicion o causas, mediante el cual individuos nacidos en
un determinado territorio llegan a otro para establecerse (1). Este
proceso implica cambios en la persona que migra y que intenta
adaptarse a un nuevo entorno, entre ellos los vinculados a su com-
portamiento alimentario (CA) (2), que se relacionan directamente
con su salud fisica y mental. Asi, el proceso migratorio se ha rela-
cionado con enfermedades cronicas no transmisibles (ECNT) como
la obesidad (3,4), la diabetes (5,6) y la hipertension (7), ademas de
con enfermedades cardiovasculares (8), todas vinculadas al CA.

El CA puede entenderse como todas las acciones que realiza
un individuo para alimentarse (9) y esta condicionado por factores
bioldgicos, psicoldgicos, sociales y culturales (10). Es relevan-
te destacar que los habitos cotidianos de alimentacion pueden
coexistir junto a comportamientos alimentarios anémalos (CAA)
que pueden entenderse como actitudes y conductas alimenta-
rias desadaptativas (11). EI CA de los migrantes se ha reportado
como factor de riesgo de malnutricion por exceso, y de salud
fisica general (12,13), que se caracteriza principalmente por un
consumo elevado de alimentos de conveniencia altos en azlcares
refinados y grasas saturadas (14). Esta tendencia hacia una dieta
de baja calidad se ha reportado en la poblacion infantil (15,16) y
en la poblacion adulta, tanto en hombres como en mujeres (17-
19). Este panorama se torna aun mas critico si se considera que
la forma en que se modifican las conductas alimentarias de los
migrantes varia segun las estrategias de aculturacion psicoldgica
(20), incidiendo por ejemplo en el aumento de peso (21), o la
nacionalidad, donde por ejemplo, el consumo de alimentos espe-
cificos podria tener un efecto protector o de riesgo de malnutricion
por exceso (2). Del mismo modo, la composicion del barrio en el
cual residen los migrantes afecta a la forma en que se alimentan,
siendo una mayor densidad de compatriotas en el barrio un factor
protector del estado nutricional (22).

Frente a este complejo panorama existe consenso en la nece-
sidad de generar evidencia respecto de los contextos alimenta-
rios particulares en los cuales residen los migrantes debido a
la variabilidad del CA, segun las caracteristicas del territorio de
origen y de acogida (23-25). En este sentido, resulta necesario
recalcar que la evidencia generada en Latinoamérica y en Chile
es realmente escasa (2) v, por ello, el objetivo de este trabajo
es describir y comparar el CA entre la poblacion colombiana y
la chilena residentes en el norte y centro de Chile. Se espera
encontrar conductas alimentarias caracteristicas que diferencien
a la poblacion migrante de la poblacion originaria.

MATERIAL Y METODOS

PARTICIPANTES

Se recogieron datos de 1872 individuos, de los que 963
tenian nacionalidad colombiana (51,4 %) y 909 nacionalidad

N. Hun et al.

chilena (48,6 %). Respecto a la distribucion por sexos, para
el caso de colombianas y colombianos, 490 fueron mujeres
(50,9 %) y 473 hombres (49,1 %). Para el caso de chilenas
y chilenos, 546 fueron mujeres (60,1 %) y 363 hombres
(39,9 %). Los rangos de edad estuvieron entre los 18 y 89
afos, y la edad promedio fue de 35,4 afos. Respecto a la
escolaridad, el 37,3 % de los migrantes reportd contar ni-
camente con estudios basicos o primarios frente a un 9,4 %
de los chilenos, y el 55,3 % de los migrantes report6 contar
con estudios secundarios o técnicos frente a un 56,8 % de
los chilenos. En el caso de los estudios superiores, el 7,4 %
de los migrantes declaro tenerlos, frente al 33,8 % de los
participantes chilenos. En relacion al ingreso econémico fami-
liar, el 51,0 % de los migrantes reportd un ingreso menor de
300.000 pesos chilenos, frente a un 21,0 % de chilenos en
el mismo rango. Un 47,3 % de los migrantes tenian ingresos
de entre 300.000 y 1.000.000 pesos, frente al 53,8 % de los
chilenos. Finalmente, solo el 1,7 % de los migrantes tenian
ingresos superiores a 1.000.000 de pesos, frente al 25,2 %
de los chilenos. Los participantes fueron reclutados en tres
ciudades de Chile, dos de la zona norte (Arica y Antofagasta)
y una de la zona centro (Region Metropolitana). Cabe destacar
que la Region Metropolitana y la regidn de Antofagasta son,
respectivamente, las dos regiones con mayor nimero de visas
entregadas entre los afios 2005 y 2018 (26).

INSTRUMENTOS

Se utilizd la version adaptada a formato de cuestionario de
autorreporte (27) de la entrevista estructurada E-TONA (28),
desarrollada inicialmente para la evaluacion de padres de nifios
obesos en lo que respecta a componentes conductuales de
habitos alimentarios, conductas sedentarias, actividad fisica y
antecedentes de salud. Cabe destacar que la version utilizada en
el presente estudio se ha aplicado a la poblacion adulta chilena
(27). El uso del instrumento en la presente investigacion se cen-
tro en evaluar especificamente los componentes conductuales
de los habitos alimentarios cotidianos y anémalos. El formato de
las respuestas de los items varia desde el dicotomico hasta el
de seleccion multiple.

PROCEDIMIENTOS

Esta investigacion forma parte de un proyecto de mayor dimen-
sion destinado a evaluar la salud y el bienestar de la poblacion
migrante colombiana en Chile, que fue aprobado por el Comité
de Etica Cientifica de la Universidad Catdlica del Norte. Poste-
riormente se evaluaron presencialmente los participantes en las
tres ciudades anteriormente mencionadas, quienes previamente
firmaron dos copias de consentimiento informado, quedando una
de estas para los investigadores. La seleccion de los participantes
se efectud utilizando la técnica de la bola de nieve combinada con
el muestreo intencionado.

[Nutr Hosp 2020;37(4):823-829)]
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ANALISIS ESTADISTICOS

Los datos fueron analizados por medio del programa estadistico
IBM SPSS V24. Se efectuaron analisis descriptivos a traveés de la
distribucion de frecuencias. Para observar si existian diferencias
significativas en funcion de ser migrante o chileno, se utilizo la
prueba del y°. Posteriormente se realizaron regresiones logisticas
para observar si el origen (migrante o chileno) representaba un
factor de riesgo de desarrollar conductas alimentarias anomalas.
Se obtuvieron los odds ratios (OR) y el valor p correspondiente.

RESULTADOS

COMPORTAMIENTOS ALIMENTARIOS
COTIDIANOS

La tabla | muestra la frecuencia de los comportamientos ali-
mentarios cotidianos tanto en colombianos como en chilenos, y
en ella se puede apreciar que existen diferencias estadisticamente
significativas en la mayoria de los comportamientos evaluados. En
este sentido, las principales diferencias entre migrantes y chilenos
radican en la velocidad con que se come, las repeticiones de
platos y el consumo de bebidas azucaradas.

FRECUENCIA Y REGULARIDAD
DE LA INGESTA

Respecto a la regularidad con que se alimentan los migrantes,
solo un 44,9 % reportd seguir horarios regulares; en el caso de

los chilenos, un 59.3 % reportd tenerlos. Sin embargo, el 65 % de
los chilenos suele saltarse al menos un horario de comida, frente
al 59,7 % de la poblacion migrante. Al desglosar la conducta de
saltarse comidas se obtuvo que el 28,8 % de los colombianos se
salta el desayuno frente al 52,1 % de los chilenos (p = 0,000).
Respecto al consumo de colaciones no se reportaron diferencias
significativas (p = 0,589); el 64,3 % de los colombianos y el
65,8 % de los chilenos reportaron consumirlas. En el almuerzo,
el 16,9 % de los colombianos report¢ saltarse este horario de
comida frente a un 25,8 % de los chilenos (p = 0,000). A la hora
del té (once), el 40,8 % de los colombianos reportd saltarse este
horario frente a un 27,9 % de los chilenos (p = 0,000). Final-
mente, el 24,3 % de los migrantes se salta la cena frente al 46 %
de los chilenos (p = 0,000). En términos generales, los chilenos
tienden a saltarse mas horarios de comida, incluyendo el desa-
yuno, el almuerzo y la cena, que los migrantes colombianos, pero
no el té. Al responder a la pregunta “;,Cuales son las principales
motivaciones para saltarse comidas?”, estas fueron en primer
lugar no sentir hambre (33,2 % de migrantes y 27 % de chilenos)
y en segundo lugar que el trabajo no les da tiempo suficiente para
comer (27,6 % de migrantes y 20,1 % de chilenos).
Contrariamente, cuando no se saltan comidas, la preparacion
habitualmente consumida por la mayoria, tanto migrantes como
chilenos (75,9 % y 79,8 %, respectivamente) es la comida case-
ra, ya sea consumida en el hogar o llevada al lugar de trabajo.
Respecto al consumo de comida rapida, el 8 % de los migran-
tes la consume normalmente frente a un 4,5 % de los chilenos
(p = 0,008). Respecto a la compafia en el momento de comer,
el 42 % de los migrantes reportan hacerlo con algin familiar o
persona con la que viven, frente a un 57,4 % de los chilenos;
el 32,4 % de los migrantes reportan comer habitualmente con

Tabla I. Comportamientos alimentarios cotidianos en migrantes y chilenos

Migrantes | Chilenos
= = o OR (IC 95 %)
n [Si%| n |Si%
Come rapido en comparacion a los demas 946 | 38,6 | 907 | 455 0,002f 1,331 (1,106-1,601)
Come lento en comparacion a los deméas 941 | 28,7 | 906 | 34,7 | 0,006" 1,318 (1,083-1,605)
Elige colaciones hipercaldricas 946 | 26,7 | 906 | 27,6 0,681 1,044 (0,851-1,281)
Selecciona bebidas azucaradas 949 | 49,8 | 908 | 391 0,0001 0,646 (0,537-0,777)
Come con frecuencia comida rapida 947 | 352 | 908 | 28,6 | 0,003 0,740 (0,608-0,900)
Come mientras ve TV 946 | 56,1 | 905 | 53,5 | 0,252 0,898 (0,748-1,079)
Repite plato 650 | 251 | 908 | 17,8 | 0,000" | 0,650 (0,519-0,813)
Limpia los platos (no deja restos de comida) 949 | 39,0 | 909 | 38,8 0,946 0,994 (0,824-1,197)
Se llena mucho los platos 950 | 27,3 | 908 | 21,0 0,002f 0,711 (0,574-0,880)
Mastica pocas veces los alimentos 947 | 31,2 | 907 | 36,3 0,020* 1,258 (1,037-1,526)
Se llena mucho la boca con cada bocado 948 | 20,3 | 906 | 189 0,454 0,916 (0,728-1,153)
Eggda;mente, ha tragado todo lo que tenia en la boca antes de comer otro 940 | 552 | 906 | 763 | 0.000" 2,607 (2,135-3.182)
Come 0 bebe mientras va caminando por la calle 951 | 355 | 905 | 38,6 0,178 1,138 (0,943-1,375)

OR: Odds ratio; ‘p < 0,05; 'p < 0,01.

[Nutr Hosp 2020;37(4):823-829]
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comparieros de trabajo o estudio, frente al 27,5 % de los chilenos;
del mismo modo, el 8,5 % de los migrantes comen con amigos/
as frente al 5,8 % de los chilenos; finalmente, el 17,1 % de los
migrantes reportaron comer habitualmente solos, frente al 9,3 %
de los chilenos.

Respecto a picar entre comidas, existe una gran diferencia,
siendo los chilenos quienes preferentemente ejecutan esta con-
ducta: un 62,5 % frente a un 43,7 % de migrantes.

COMPRA, ELABORACION Y LUGAR
DE CONSUMO

Respecto a los espacios aceptables para comer solo, un 44,8 %
de la poblacion migrante cuenta con un espacio habilitado para
comer en su lugar de trabajo o estudio, frente a un 67,7 % de
los chilenos (p = 0,000). Solo el 49,3 % de los migrantes suele
desplazarse a un lugar habilitado para comer, frente a un 72,2 %
de los chilenos (p = 0,000).

Ademas, se evaluaron 4 criterios de compra y cocina, tanto en
los migrantes como en los chilenos; estos fueron: seguimiento
de dietas, valor nutritivo de los alimentos, preferencias y gustos
de los alimentos y precio de los alimentos. Las respuestas se
distribuyen de la siguiente forma: en el seguimiento de dietas,
solo el 16,5 % de los migrantes compra sus alimentos de acuerdo
con alguna dieta, frente al 25,1 % de los chilenos. Al momento
de cocinar la tendencia es similar: el 17,3 % de los migrantes
se basan en el seguimiento de dietas frente a un 25,9 % de los
chilenos. Ambas diferencias resultaron ser estadisticamente sig-
nificativas (p = 0,000). El valor nutritivo de los alimentos estuvo
presente en el 44,5 % de los migrantes como criterio de compra,
frente a un 52,2 % de los chilenos, mientras que en el momento
de cocinar, el 34,2 % de los migrantes toma en consideracion
el valor nutricional frente al 50,7 % de los chilenos, resultando

Tabla Il. Comportamientos alimentarios

N. Hun et al.

ambas diferencias significativas (p = 0,001 y p = 0,000, res-
pectivamente). Respecto a las preferencias y el gusto de los ali-
mentos, el 72,2 % de los migrantes los tiene en consideracion
en el momento de la compra, frente al 82,4 % de los chilenos
(p = 0,000). En el momento de cocinar, el 58,9 % de los migran-
tes considera sus preferencias y gustos, frente al 69,3 % de los
chilenos (p = 0,000). En cuanto al precio de los alimentos como
criterio de compra, no existen diferencias significativas entre los
grupos; un 58,0 % de migrantes y un 56,5 % de chilenos lo tienen
en cuenta al comprar. Respecto al cocinado, el 44,0 % de los
migrantes considera el precio de los alimentos como criterio de
cocinado frente al 44,9 % de los chilenos (p = 0,723).

COMPORTAMIENTOS ALIMENTARIOS
ANOMALOS

En la tabla Il se indican los perfiles de comportamientos ali-
mentarios anémalos (CAA); calculando los OR entre los grupos de
migrantes y chilenos, se encontrd que los migrantes tienen casi
el doble de riesgo de darse atracones de comida en comparacion
con los chilenos; por otra parte, los migrantes tienen aproxima-
damente el doble de riesgo de sentir vergiienza respecto a la
velocidad con la que comen.

DISCUSION

El objetivo de este estudio fue describir y comparar el CA entre
la poblacion colombiana y la chilena residentes en el norte y
centro de Chile. Es necesario remarcar que se ha reportado en la
literatura que la poblacién migrante tiende a una alimentacion de
baja calidad que se traduce en el desarrollo de ECNT con base
nutricional (29,30). Naturalmente, las caracteristicas alimentarias

andmalos en migrantes y chilenos

Migrantes | Chilenos

22 OR (IC 95 %)
n [Si%| n |Si%

Come grandes cantidades de comida

948 | 31,5 | 909 | 294 | 0,263 0,893 (0,733-1,089

Se da atracones de comida

943 | 132 | 902 | 23,3 | 0,000" | 1,986 (1,557-2,5633

Se siente hambriento/a todo el tiempo

946 | 16,1 | 909 | 21,7 | 0,002 | 1,445 (1,143-1,827

Esconde comida

Come para calmar la ansiedad

951 | 22,3 | 909 | 34,1 0,000t | 1,804 (1,469-2,215

Se enoja cuando le racionan la comida o las colaciones

( )
( )
( )
949 | 102 | 907 | 80 | 0,05 | 0,769 (0,559-1,057)
( )
( )

947 | 16,3 | 908 | 97 0,000t | 0,553 (0,418-0,713

Se compra su propia comida o colaciones, aparte de la comida que
compra en su hogar

950 | 31,5 | 907 | 386 | 0,001T | 1,368 (1,130-1,657)

Come solo porque siente vergiienza de la cantidad o velocidad con que
lo hace

950 | 12,0 | 909 | 59 0,000t | 0,463 (0,330-0,649)

Come hasta sentirse totalmente lleno/a

947 | 44,0 | 906 | 482 | 0,070 1,184 (0,986-1,422)

OR: Odds ratio; ‘p < 0,05; 'p < 0,01.
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del territorio de acogida tienen repercusiones directas en el CA de
la poblacion migrante (2,29,31), por lo que su analisis compara-
tivo resulta fundamental si se tiene en consideracion que Chile
presenta indicadores de calidad global de la dieta relativamente
bajos (32) y posee de los mas altos indices de malnutricion por
exceso en el mundo (33).

Respecto a la forma en que se alimentan migrantes y chilenos
se observaron diferencias significativas en gran cantidad de con-
ductas alimentarias tanto cotidianas como andmalas, situacion
relevante si se considera que la evidencia pone el énfasis en
la comprension y la intervencion alimentaria y nutricional cul-
turalmente aceptable, es decir, aquella que respete las costum-
bres y practicas alimentarias originarias de los grupos migrantes
(12,13,23). En otras palabras, no es recomendable estandarizar
la comprension de la forma en que se alimentan, ni de la forma en
que se realizan las intervenciones nutricionales, entre migrantes
y chilenos.

Desde el punto de vista general existen diferencias signifi-
cativas entre migrantes y chilenos respecto a las comidas que
suelen saltarse; por ejemplo, casi el doble de chilenos suelen
saltarse el desayuno en comparacion con los migrantes. Los
chilenos también tienden a saltarse mas el almuerzo y sucede
lo mismo con la cena. Por el contrario, el unico horario en el
que los chilenos reportaron una mayor regularidad es la hora del
té. Esto podria deberse a que los chilenos, por motivos labora-
les 0 educacionales, tienden a tener una estructura horaria de
alimentacion mas variable. Del mismo modo, en la hora del té
se reportd una mayor regularidad puesto que es el horario de
comida posterior a la mayoria de las jornadas laborales y edu-
cacionales. Por su parte, los colombianos, por tradicion cultural,
tienden a cenar en vez de tomar el té. En esta misma linea los
dos principales motivos por los cuales suelen saltarse horarios
de comida tanto migrantes como chilenos fueron, en primer
lugar, no sentir hambre y, en segundo lugar, que sus trabajos
no les dan tiempo suficiente para comer. Esto aporta informa-
cion relevante respecto de qué aspectos es necesario conside-
rar para desarrollar estrategias de intervencion nutricional de
acuerdo con las caracteristicas de los distintos grupos, tanto
aquellas que son compartidas como las que son caracteristicas
de un grupo en especifico.

Cuando se analizaron las conductas especificas, uno de los
resultados interesantes corresponde al consumo de bebidas azu-
caradas, donde los migrantes tienen un 35 % mas de probabili-
dades de consumirlas que los chilenos, situacion particular si se
considera que Colombia tiene uno de los “per capita” mas bajos
de consumo de gaseosas en Latinoamérica a diferencia de Chile,
que se encuentra dentro de los que mas las consumen; es una
situacion complicada si se considera que los paises con mayor
consumo per capita de gaseosas son 10s mismos que tienen un
mayor indice de obesidad (34), lo que podria estar dado por una
rapida asimilacion del patron de consumo de bebidas azucaradas
debido a la relativa facilidad y el bajo coste con que pueden obte-
nerse en Chile. Los migrantes también reportaron una mayor ten-
dencia a servirse una repeticion y a consumir comida rapida con
mayor regularidad que los chilenos, lo que apoya la literatura de

[Nutr Hosp 2020;37(4):823-829]

un estilo de alimentacion que favorece el desarrollo de malnutri-
cion por exceso en la poblacion migrante, debido principalmente a
que la comida rapida resulta ser de facil acceso, es relativamente
econdmica y genera saciedad. Otro aspecto preocupante fue que
aproximadamente el 45 % de los migrantes reportd que come otro
bocado antes de tragar lo que tiene en la boca, situacion compleja
si se considera que la velocidad al comer también influye en el
desarrollo de la obesidad (35).

Respecto a los criterios de compra y cocinado de alimentos,
aparentemente los chilenos estan mas preocupados por su ali-
mentacion dado que tienden a seguir mas dietas y tienen mas
presente la calidad nutricional de los alimentos y sus preferencias
al momento de comer que los migrantes. Esto podria explicarse
por la enorme difusion que los habitos alimentarios saludables
han tenido durante los Ultimos afios, incluidos la ley 20.606 de
etiquetado de los alimentos y el programa “Elige vivir sano”, entre
otros (36). Por su parte, parece ser que los migrantes colombianos
tienden a preferir el sabor de los alimentos y las preparaciones
por sobre criterios sanitarios como la calidad nutricional de los
alimentos. Sin embargo, al parecer existe un criterio de compra
y cocinado comun: el precio de los alimentos, donde no hubo
diferencias significativas entre migrantes y chilenos.

Ahora bien, lo paraddjico es que, al mismo tiempo que los
chilenos estan mas preocupados por la calidad nutricional de
los alimentos, tienen también el doble de posibilidades de sufrir
atracones de comida, tienen 1,4 veces mas probabilidades de
sentirse hambrientos todo el tiempo y tienen 1,8 veces mas pro-
babilidades de comer para calmar la ansiedad que los migrantes,
lo que podria indicar que la gran cantidad de informacion acerca
de los estilos de alimentacion saludable no necesariamente gene-
ran el impacto que se espera en el comportamiento alimentario
de la poblacion.

Otros CAA reportados, pero con mayor presencia en el grupo
migrante, indicaron que este posee un 25 % mas de probabili-
dades de esconder comida y un 45 % mas de probabilidades de
enojarse porque racionen su alimentacion que los chilenos. Esto
podria indicar una menor tolerancia a que les pauten la forma
en que deben alimentarse cotidianamente, situacion que podria
ser relevante y deberia tenerse en cuenta en el momento de
desarrollar intervenciones de educacion alimentaria destinadas
a este grupo.

Una dimension relevante para el desarrollo de habitos alimenta-
rios saludables es poseer un espacio adecuado para alimentarse,
dado que no contar con él favorece el consumo de alimentos de
conveniencia que no necesiten ni de una mesa ni de utensilios
para comer: en otras palabras, comida rapida. En este sentido,
solo el 44,8 % cuenta con un espacio formalmente habilitado
para comer, frente a un 72,2 % de los chilenos. Este comporta-
miento especifico no responde a factores individuales que puedan
modificarse sino a factores estructurales que dependen de los
empleadores, en el caso de los trabajos formales, o simplemente
del hecho de no contar con espacios adecuados para alimentarse
por tener trabajos informales.

Si bien la mayor cantidad de conductas alimentarias resultaron
ser diferentes en ambos grupos, existen conductas compartidas
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en las cuales no fue posible hallar diferencias significativas. En el
plano de las conductas alimentarias cotidianas, en promedio el
27 % de los participantes reportaron elegir colaciones hipercaléri-
cas habitualmente, el 27 % indicaron que comen mientras se des-
plaza por la calle y el 55 % comen mientras ven television; estas
tres conductas resultan ser caracteristicas del mundo moderno.
En el mismo sentido, el 20 % comentaron que se llenaban mucho
la boca en cada bocado y el 39 % no dejan restos de comida
en el plato. Respecto a las conductas alimentarias andmalas,
el 30 % reportaron consumir grandes cantidades de comida, el
46 % comen hasta sentirse totalmente saciados y el 9 % indica-
ron que esconden comida.

Respecto a las limitaciones, en primer lugar, el uso de una
muestra no probabilistica, la naturaleza transversal del estudio,
que no permite analizar la evolucion del CA siendo el tiempo un
factor fundamental que influye en la modificacion del CA de la
poblacion migrante (4), y la imposibilidad de establecer relaciones
causa-efecto producto del disefio del estudio. Del mismo modo
es importante sefialar la necesidad de estudiar la relacion de las
variables contextuales como, por ejemplo, las variables sociode-
mogréaficas, con el comportamiento alimentario de la poblacion
migrante, puesto que el proceso de migracion supone un entorno
totalmente nuevo.

Finalmente, cabe destacar que esta investigacion es pione-
ra en el estudio del comportamiento alimentario de la poblacion
migrante, aportando aspectos genéricos y especificos acerca de
la forma en que se alimentan los migrantes, al mismo tiempo que
se establecen comparaciones con la poblacion chilena. Otro aspec-
to innovador es que se analizaron comportamientos alimentarios
anomalos en ambos grupos y se pudieron identificar conductas
especificas de cada grupo, lo que permite reunir evidencia empirica,
dentro del marco de la salud publica, para poder anticiparse tanto
al desarrollo de la malnutricion por exceso como al de posibles
trastornos de la conducta alimentaria.
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Resumen

Introduccion: la formacion basica en alimentacion-nutricion saludable en en el grado de magisterio puede ser de interés por un doble motivo:
el de propiciar posibles mejoras en los conocimientos y en los habitos dietéticos que puedan trasmitirse en el futuro ejercicio de la profesion
de estos universitarios.

Objetivos: evaluar y buscar el modo de mejorar algunos conocimientos y habitos sobre la alimentacion saludable durante la intervencion educativa.

Métodos: el estudio, con medidas pre y postest, transcurrié a lo largo de 4 meses en tres cursos consecutivos. Participaron voluntariamente
258 estudiantes de magisterio con una edad media de 21,4 = 0,7 afios. Se evaluaron mediante andlisis cualitativos y cuantitativos los conoci-
mientos sobre guias alimentarias a través de un cuestionario validado (escala de 0 a 10). lgualmente se ha analizado la evolucion de los habitos
referentes a los desayunos saludables (utilizando un recordatorio de 24 horas), estimando la calidad del ambiente y la calidad de tipo Enkid
(ambas escalas de 0 a 3 puntos).

Resultados: al final de la intervencion educativa se produjeron mejoras significativas en los conocimientos evaluados, obteniéndose una pun-
tuacion media global de 7,56 (inicialmente era de 5,20 sobre 10). Asimismo, existen incrementos significativos en habitos tales como: realizar un
primer desayuno (el 98,88 %) o incluso un almuerzo de media mafiana (67,98% del alumnado). Igualmente, existen incrementos significativos
en las calidades de los alimentos consumidos de tipo EnKid (presencia de lacteo, cereal de calidad y fruta). Asi, sumando ambos desayunos se
obtiene al final un incremento significativo de la calidad EnKid con una media de 1,61 puntos (sobre un maximo de 3) frente a 1,38.

Conclusiones: la intervencion educativa mejora los conocimientos y habitos de alimentacion saludable en el alumnado investigado.

Abstract

Introduction: basic training in healthy food-nutrition during teaching qualification training may be of interest for two reasons: it may lead to
possible improvements in the knowledge and the dietary habits that will be transmitted in the future once professional practice starts.

Objectives: to evaluate and seek to improve some healthy eating knowledge and habits that occur with educational intervention.

Methods: the study, with pre- and post-test measures, took place over 4 months in three consecutive courses. A total of 258 teaching students
with an average age of 21.4 + 0.7 years voluntarily participated. Knowledge on food guides was assessed with qualitative analysis through a
validated questionnaire (scale, 0 to 10). The evolution of healthy breakfast habits (using a 24-hour reminder) has also been analyzed by estimating
the quality of the environment and the quality of Enkid foods (both scales from 0 to 3 points).

Results: at the end of the educational intervention there were significant improvements in the assessed knowledge, and an overall average
score of 7.56 (initially 5.20 out of 10) was obtained. There are also significant increases in habits such as: practicing a first breakfast (98.88 %)
or even a mid-morning snack (67.98 % of students). There are also significant increases in the grades of EnKid-type food consumed (presence
of dairy products, quality cereal, and fruit). If breakfast and mid-morning snack are considered together, a significant increase in average EnKid
quality score would be obtained of 1.61 points (maximun of 3) versus 1.38.

Conclusions: educational intervention improved knowledge and healthy eating habits in the participating students.
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INTRODUCCION

La poblacion universitaria, con edades comprendidas entre
los 18 y los 23 arios, se considera un colectivo especialmente
vulnerable desde el punto de vista nutricional ya que comienza a
responsabilizarse de su alimentacion y atraviesa un periodo critico
en la consolidacion de habitos y conductas alimentarias impor-
tantes para su salud (1-3). Ademas, diversos estudios realizados
en colectivos universitarios esparioles han puesto de manifiesto
unos habitos alimentarios inadecuados que a la larga pueden
perjudicar la salud (4-6).

Por otra parte, la universidad es el lugar donde estos jovenes
realizan sus actividades diarias, por 1o que desarrollar interven-
ciones de educacion para la salud sobre alimentacion y nutricion
saludable podria tener un efecto positivo para su bienestar pre-
sente y futuro (2,3,6,7).

En linea con lo anterior, se ha ido poniendo en evidencia que
tiene un interés especial potenciar estas intervenciones en colec-
tivos tales como los futuros sanitarios en formacion, especial-
mente de el caso de la enfermeria y la medicina, que deberan
ser agentes activos en el ambito de la educacion para la salud
(6,8,9), e igualmente en el de los estudiantes de profesorado,
especialmente de magisterio, que podrian ejercer como colabora-
dores de los citados agentes de salud en el medio escolar donde
desarrollen su profesion (8,10,11).

Esa demanda creciente de formacion con implicaciones en la
educacion para la salud se hace no solo buscando mejorar los
conocimientos sino procurando también la adopcion de practicas
saludables para la vida diaria, es decir, avanzando en el conoci-
miento de o que se sabe o interpreta y en el como se practica, lo
que también afecta a la educacion nutricional y alimentaria (9-14).

Asi, desde el punto de vista de la formacion en nutricion y
alimentacion saludable, se manifiesta frecuentemente que es
mas facil avanzar en los conocimientos que en la consecucion
de habitos saludables (8,11,4). Sin embargo, como acabamos de
decir, son dos objetivos que deben perseguirse a la vez; asi, estan
surgiendo cada vez mas experiencias que buscan mejoras en los
conocimientos y cambios hacia comportamientos mas saludables,
introduciendo diversas metodologias y recursos organizativos
(1,8,10,11,13,14) que creemos deben irse complementando y
ampliando.

En tal sentido, en esta publicacion presentamos algunos resul-
tados sobre la evolucion de los conocimientos y habitos rela-
cionados con la alimentacién saludable que se producen a lo
largo de una intervencion educativa realizada en el seno de una
asignatura obligatoria de alimentacion-nutricion en estudiantes
de magisterio.

MATERIAL Y METODOS

TIPO DE ESTUDIO

Estudio prospectivo cuasi experimental durante el desarro-
llo de una asignatura troncal de alimentacion (11) en varios
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grupos impartidos por un mismo profesor durante tres cursos
consecutivos. Se realizaron mediciones pre y post-interven-
cion, y se midieron los conocimientos basicos sobre guias
alimentarias y habitos relativos a la alimentacion saludable
en 1os desayunos.

SUJETOS Y MUESTRA

Se realizd la investigacion con estudiantes de 4° curso de la
titulacion del Grado de Magisterio, matriculados en la asignatura
referenciada (11) e impartida en la Universidad Complutense de
Madrid, con una edad media de 21,4 = 0,7 afios (rango de 21
a 23 afios). Se debe indicar también que el sexo representativo
del alumnado en la citada titulacion es el femenino en el 96 %
de 10s casos.

La seleccion de los estudiantes voluntarios procedid de la
cohorte de alumnos que mantenian el mismo profesor (en con-
creto, la mitad del alumnado matriculado en la asignatura de
referencia en cada afio académico estudiado).

Por tanto, el muestreo fue no probabilistico, por conveniencia
y voluntario. Asi, en primer lugar se solicitd el consentimiento
informado, respetando el acuerdo de ética de la investigacion
de Helsinki (2013). Asimismo, se eliminaron los alumnos fuera del
rango de edad establecido y los que desistieron de participar en
alglin momento de la investigacion.

El estudio se llevo a cabo en los primeros cuatrimestres de:
2016-17 (donde participaron n = 80 de 90 estudiantes posibles);
2017-18 (donde estudiamos n = 87 de 95 posibles), y 2018-19
(donde analizamos n = 91 de 95 posibles). En total, finalmente
estudiamos a 258 futuros maestros de los 280 posibles matricu-
lados con el mismo profesor.

PLAN DE LA ACCION DOCENTE
RELACIONADA CON EL ESTUDIO

La accion docente se inserta en una asignatura troncal
—Alimentacion para Maestros— claramente consolidada
durante mas de una década y con un disefio contrastado de
6 créditos, desarrollada a lo largo de 15 semanas (11). En la
parte central (semanas 5 a 10) se trabaja el andlisis personal
de la dieta de cada estudiante. Esta actividad es nuclear en la
materia y para ello se explica previamente el significado y la
organizacion de las guias alimentarias orientadoras de la dieta
(15). Precisamente, entenderlas es parte del ndcleo docente
que da sentido a la asignatura, para poder luego analizar de una
manera critica la préctica de la dieta semanal (16). lgualmente,
y desde la perspectiva escolar futura, se ensefia en la semana 9
la caracterizacion e importancia de la practica de un desayuno y
un almuerzo de media mafiana de calidad, como parte clave de
la dieta saludable (17). Asi, estos dos campos, la evolucion de
los conocimientos sobre guias dietéticas y la practica de habitos
de desayuno, son los elegidos para los andlisis que describimos
seguidamente.
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INSTRUMENTOS DE RECOGIDA DE DATOS Y
VARIABLES VALORADAS

Los instrumentos para obtener los datos han sido dos cues-
tionarios que se pasaron en presencia del mismo investigador/
docente en la 12 semana de la asignatura (octubre) y en la 142
semana (enero) de los cursos y grupos investigados.

El cuestionario sobre conocimientos generales de las guias
alimentarias sigue la propuesta previamente validada (16) en la
que se plantean: siete preguntas en torno a “conocimientos de
orientaciones de consumo” (valor de 0 + 7 aciertos = puntos) y
tres en torno al “perfil caldrico ideal en las dietas” con respecto
al aporte de grasas, hidratos de carbono y proteinas (valor de 0 +
3 aciertos = puntos).

El cuestionario sobre habitos de desayuno se estructura
siguiendo la propuesta de Serra y Aranceta (18), adaptada y
validada (19). Se pregunta inicialmente al alumnado por la préc-
tica del primer desayuno (a partir de ahora, el desayuno) y de la
toma de media mafana (a partir de ahora, el almuerzo de media
mafana) mediante un recordatorio de 24 horas. Asimismo, se
estructuran dos blogues de preguntas: uno en torno a la “cali-
dad-ambiente del desayuno” y otro en torno a la descripcion literal
del “consumo de alimentos del dia”, separando el desayuno del
almuerzo de media mariana.

La “calidad-ambiente” del desayuno busca valorar, a partir de
criterios tipo EnKid (19), si se practica: en mas de 10 minutos
(+ 1 punto); en compafiia (+ 1 punto) y solo realizando esa tarea
(+ 1 punto).

La “calidad del consumo” se valora tanto en el desayuno como
en el almuerzo de media mafana siguiendo la propuesta del estu-
dio EnKid (18): si se consume un lacteo (+ 1 punto); si una fruta o
zumo natural (+ 1 punto), y si se completa con cereal de calidad,
no bolleria industrial (+ 1 punto).

Los andlisis descriptivos se presentan mediante tablas, las
cuales muestran porcentajes y medias segun cada una de las
variables analizadas (cualitativas o cuantitativas). Se realizo el
test de normalidad de Kolmogorov-Smirnov para la distribucion
de los datos de las variables cuantitativas. A partir de aqui, se
emplearon pruebas no paramétricas para la comparacion de dos
muestras relacionadas: la de McNemar (porcentajes) y la de Wil-
coxon (medias). Para el andlisis estadistico de los resultados se
utilizo el programa informatico SSPS version 21.0, y el nivel de
significacion estadistica que se empled fue el de, al menos, una
p < 0,05.

RESULTADOS

VALORACION DE CONOCIMIENTOS

En la tabla | se representa la evolucion de los conocimientos de
los estudiantes evaluados en los cursos: 16-17 (n = 80); 17-18
(n=87); 18-19 (n = 91), y en el periodo global de 2016-19
(n = 258). Recordemos que se han analizado dos campos con-
ceptuales; asi, en las preguntas numeradas con un 1 se indagd
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sobre las orientaciones de consumo que se ofrecen en las guias
alimentarias (maximo 7 aciertos) y en las numeradas con un 2 se
preguntd sobre el perfil caldrico ideal que se pretende con dichas
orientaciones dietéticas (maximo 3 puntos). En total, sumarian un
maximo posible de 10 puntos o aciertos.

En tal sentido, se observa que globalmente (en los datos de
16-19) hay un incremento significativo del aprendizaje en todas
y cada una de las preguntas de los dos campos conceptuales
estudiados. Ademds, se pasaria de una nota media global (sobre
10) de 5,20 en la fase “pre” a una de 7,56 en la fase “post”.
Asimismo, existe un ligero incremento global de la nota curso
tras curso secuencialmente (véase la tabla I), quedando el pre/
post como sigue: 4,94/7,40 (en 16-17); 5,18/7,62 (en 17-18) y
5,44/7,65 (en 18-19).

Observando los cambios pre/post de los aciertos en todas las
cuestiones en los distintos cursos se ve que, aunque en el computo
global (16-19) todos los cambios son significativos, algunos aspec-
tos en los computos de cada curso no presentan cambios signifi-
cativos (pre/post), aunque no son coincidentes en los tres cursos.

También podemos observar en la tabla | que se parte de acier-
tos cercanos al 50 % del alumnado para todas las cuestiones
(v sus preguntas) excepto para dos de las preguntas referidas al
perfil caldrico ideal subyacente en las guias: la 2.2 (4 Porcentaje
ideal de energia a partir de hidratos de carbono?”) que no supera
el 10 % de aciertos, y la 2.3 (“;Prorcentaje ideal de energia a
partir de las proteinas?”) que no sobrepasa el 3%. Finalmente,
en la fase “post” se consigue superar el 50 % de acertantes en
estas dos preguntas, y en el resto se consigue sobrepasar el
70-80 % de acertantes.

ESTIMACION DE HABITOS

En la tabla Il se presentan los resultados referidos al desayuno
y el almuerzo de media mafana, agrupados globalmente en los
cursos 2016-19 (n = 258). Las variaciones pre/post del desayuno
(94,94 % frente a 98,88 %) y del aimuerzo de media mafiana
(59,55 % frente a 67,98 %) presentan ligeros incrementos sig-
nificativos.

Las variaciones de la calidad del ambiente del desayuno, segun
los criterios elegidos de tipo EnKid (tabla Ill), reflejarian de nuevo
que existen incrementos en los cambios significativos de mejora
(especialmente, en utilizar mas de 10 minutos y dedicarse solo
a esa actividad).

Con respecto a la calidad de los productos consumidos
(siguiendo los criterios EnKid, véase la tabla IV), obtenemos de
nuevo ligeros incrementos pre/post pero solo significativos en los
cereales de calidad (no bolleria industrial) del desayuno (50,00 %
frente a 57,87 %) y en las frutas del almuerzo de media mariana
(19,10 % frente a 25,84 %). Por Ultimo, valorando de forma global
el consumo del desayuno + el almuerzo de media mafana, el
incremento significativo se produce especialmente en el consumo
de fruta (de 33,15 % a 41,57 %), obteniéndose al final un incre-
mento significativo de la calidad EnKid con una media de 1,61
(sobre 3 puntos) frente a 1,38.
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Tabla I. Resultados de las respuestas correctas (en porcentajes y medias) al cuestionario
(12), antes y después de los conocimientos sobre orientaciones de consumo en guias
(pregunta 1) y perfil caldrico ideal (pregunta 2)

Curso 2016-17 Curso 2017-18 Curso 2018-19 Cursos 2016-2019
n =380 n=_87 n=91 n = 258

Preguntas 1 Pre Post Pre Post Pre Post Pre Post

1.1 48,75 71,251 50,57 82,76* 67,03 85,717 55,81 80,23¢
1.2 77,50 92,50* 83,91 90,80 67,03 79,12 75,97 87,21%
1.3 51,25 80,00* 66,67 79,31* 49,45 78,02¢ 55,81 79,07%
14 50,00 75,00* 50,57 82,76% 69,23 76,92 56,98 78,21%
15 71,25 90,00¢ 66,67 74,71 68,13 79,12 68,60 80,93*
1.6 71,25 83,75* 86,21 94,25 82,42 94,51+ 80,23 91,09
1.7 45,00 62,501 40,23 65,52+ 58,24 75,821 48,06 68,22+
Total media (0-7) 415 5,55+ 4,45 5,69 4,62 5,68+ 4,41 5,64+
+DE +1,09 +1,18 +1,14 +1,06 +1,15 +1,20 +1,14 +1,15
Preguntas 2 Pre Post Pre Post Pre Post Pre Post

21 66,25 78,75 62,07 93,10* 75,82 92,31% 68,22 88,37*
22 10,00 48,75+ 9,20 55,17+ 4,40 52,75% 7,75 52,33¢
23 2,50 57,50* 2,30 44,83% 2,20 51,65* 2,33 51,16*
Total media (0-3) 0,78 1,85¢ 0,74 1,93 0,82 1,97+ 0,78 1,92¢
+DE +0,50 +1,09 +0,52 +1,01 +0,49 +1,07 +0,50 +1,05
Pre Post Pre Post Pre Post Pre Post

Total media (0-10) 4,94 7,40 518 7,62¢ 5,44 7,65 5,20 7,56%
+DE +1,29 +1,62 +1,33 +1,58 +1,28 +1,78 +1,30 + 1,66

Estadistica: prueba de McNemar (porcentajes) y prueba de los rangos de Wilcoxon (medias). DE: desviacion estandar. Significativo: “p < 0,05, 'p < 0,01 y*p < 0,001.

Tabla Il. Desayunos/medias mafanas del alumnado investigado

Contestaciones afirmativas (n = 258)

Pregunta
Valor % pre % post
Toma algo en el desayuno* 1 94,96 (245) 98,84 (255)
Toma algo a media mafnana* 1 59,69 (154) 67,83 (175)

Estadistica: prueba McNemar. Significativo: *p < 0,09.

Tabla lll. Datos de la calidad del ambiente durante el desayuno

Contestaciones afirmativas (n = 258)
Preguntas

Valor % pre (n) % post (n)
Desayuna y tarda mas de 10 minutos 1 44,57 (115) 53,87 (139)*
Desayuna acompanado 1 24,03 (62) 27,90 (72)
Solo realiza la actividad de desayunar 1 40,31 (104) 51,16 (132)
Total media + DE 0-3 1,09 + 0,82 (258) 1,33 + 0,87 (258)*

Preguntas de 1 a 3 Valor % pre % post

No contesta a ninguna afirmativamente 0 26,36 (68) 17,83 (46)*
Contesta a una afirmativamente 1 41,47 (107) 39,15 (101)
Contesta a dos afirmativamente 2 28,68 (74) 34,11 (88)
Contesta a tres afirmativamente 3 3,49 (9 8,53 (22)

Estadistica: prueba de McNemar (porcentajes) y prueba de los rangos de Wilcoxon (medias). DE: desviacion estandar. Significativo: “p < 0,05, 'p < 0,01 y*p < 0,001.
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Tabla IV. Variaciones de la calidad EnKid en desayuno/media manana

Preguntas test (n = 258)
Tipo de Comida Grupo EnKid Valor % pre (n) % post (n)
Lacteo 0-1 45,51 (117) 47,75 (123)
Fruta 0-1 18,54 (48) 21,91 (57)
Desayuno
Cereal 0-1 50,00 (129) 57,87 (149)*
Total media + DE 0-3 1,14 + 0,85 (258) 1,28 + 0,86 (258)*
Lécteo 0-1 1,12 (3) 1,12 (3)
. . Fruta 0-1 19,10 (49 25,84 (67)
Media maiiana
Cereal 0-1 10,11 (26) 11,80 (30)
Total media + DE 0-3 0,30 + 0,50 (258) 0,39 + 0,55 (258)
Lécteo 0-1 48,31 (125) 55,06 (142)
. . Fruta 0-1 33,15 (86) 41,57 (107)*
Desayuno + media mafiana
Cereal 0-1 56,74 (146) 64,04 (165)
Total media + DE 0-3 1,38 + 0,90 (258) 1,61 + 0,89 (258)*

Estadistica: prueba de McNemar (porcentajes) y prueba de los rangos de Wilcoxon (medias). DE: desviacion estandar. Significativo: “p < 0,05; Tp < 0,01 y*p < 0,001.

Puntuacion Enkid dptima = 3 = Presencia de ldcteo + cereal de calidad + fruta.

Tabla V. Variaciones de la puntuacion EnKid de desayuno/media mafana

Preguntas test (n = 258)
Puntuacion Desayuno Media manana Desayuno + media mainana
EnKid % pre % post % pre % post % pre % post
0 24,7 18,5 71,3 64,0 16,9 11,8
1 416 43,8 27,0 33,7 39,3 31,5
2 28,7 29,2 1,7 32,6 41,0
3 5,1 8,4 0,6 11,2 15,7

Puntuacion Enkid dptima = 3 = Presencia de ldcteo + cereal de calidad + fruta.

Asimismo, en consonancia con lo anterior, es decir, valorando
conjuntamente el desayuno y el almuerzo de media mafana, se
observa en la tabla V que de un 11,2 % de alumnos con calidad
excepcional Enkid inicial (maximo de tres puntos) se pasaria a
un 15,7 % de estudiantes con la maxima calificacion de calidad.

DISCUSION

PRELIMINAR

Centrandonos en la globalidad de los resultados obtenidos
podemos considerar que se han logrado mejoras significativas
generalizadas en los conocimientos y en bastantes aspectos de
los habitos analizados tras la intervencion educativa. Frente a
ello constatamos la todavia escasa proliferacion de estudios de
evaluacion de programas de alimentacion-nutricion saludable en
el mundo universitario con los que podamos contrastar datos, a
pesar de la importancia con la que hoy dia se solicitan (1,2) y,
especialmente, para colectivos tales como futuros docentes y

sanitarios, donde poco a poco ya comienzan a aparecer algunas
investigaciones en tal sentido (8-11,16).

Por otra parte, no hemos encontrado en la bibliografia trabajos
con la peculiaridad (creemos que positiva a favor de este estudio)
de haber elegido la evaluacion de grupos de estudiantes de varios
Ccursos consecutivos (en nuestro caso, tres afos), favoreciendo asf
una mayor fiabilidad de los resultados que exponemos.

SOBRE CONOCIMIENTOS

Un asunto a discernir previo a esta investigacion fue la eleccion
de qué grupo de conocimientos evaluar. La respuesta esta en que
la eleccion escogida, de valorar conocimientos en torno a las guias
alimentarias, viene claramente corroborada por diversos autores
(15,20-22), que establecen que el saber entender las guias alimen-
tarias y traducir sus consejos en habitos alimentarios es una clave
esencial para la ensefianza de la alimentacion saludable.

Por otro lado, un estudio previo sobre los conceptos de las
guias, realizado en 2014 con futuros docentes, estudiantes uni-
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versitarios (16), ya ofrecio algunos resultados contradictorios
referentes a la evolucion conceptual, especialmente en el grupo
de preguntas sobre el perfil caldrico que se persigue en las guias
con la energia ligada a los macronutrientes de los alimentos.
En tal sentido, las respuestas pre/post acertadas, referidas a la
energia ligada a los macronutrientes, eran todas muy deficientes,
especialmente las correspondientes al porcentaje ideal de energia
procedente de las proteinas (1,5 % de aciertos al iniciofrente a
un 48,5 % al final) en el citado estudio de 2014 (16). Sorpren-
dentemente, en el estudio actual, a pesar de contar con mas
datos, apenas se constata una cierta mejoria en el dato global
medio que se ofrece en la tabla |, por ejemplo, en la pregunta 2.3
(“Porcentaje ideal de energia a partir de las proteinas?”), con un
2,33 % de aciertos en las respuestas pre-docencia frente a un
51,16 % de acierto final. Algo similar ocurre con las respuestas
alas preguntas 2.1y 2.2, referidas al aporte energético ideal de
las grasas y los hidratos de carbono (ver tabla | y el cuestionario
de la cita 16).

Por tanto, parece que los conceptos que ligan el trinomio “ali-
mentos-nutrientes presentes en ellos-energia que aportan” suelen
manifestarse como dificiles de entender e interiorizar, como se ha
puesto de manifiesto también en investigaciones referenciadas
con estudiantes de magisterio y enfermeria (23). Se constata,
pues, este apartado del perfil caldrico ideal que se pretende en
las guias como un campo conceptual que deberiamos tener en
cuenta en las acciones futuras de mejora docente.

A pesar de todo, en el computo global, todas las facetas de
los conocimientos analizados (véase el curso 16-19 en la tabla )
obtienen incrementos claramente significativos, mejorando y
clarificando los resultados ofrecidos por los estudiantes universi-
tarios en 2014 (16); pero, como veremos seguidamente, no son
tan generalizables esos incrementos para todos los aspectos de
los habitos investigados. Asi, en linea con estudios previos de
evaluaciones docentes en asignaturas de nutricion (8,11,23,24),
pareceria constatarse que es mas facil conseguir la evolucion de
los conocimientos que la de los habitos, como desarrollaremos
seguidamente.

SOBRE HABITOS

Por tanto, como acabamos de recordar, la otra faceta a estudiar
fue la referida a los cambios de habitos alimentarios, como ocurre
en estudios recientemente publicados en otras intervenciones de
nutricién, que ofrecen datos esperanzadores tras cuatro meses
de docencia (1,10).

De nuevo, y como consideracion previa justificativa, debemos
indicar que el porqué de la eleccion de los habitos relaciona-
dos con los desayunos para analizar su evolucion estaria en la
importancia reiterativa que se da a la practica de estas comidas
y, sobre todo, a la calidad-cantidad de alimentos consumidos en
ellas, para asi completar una alimentacion saludable y equilibrada
(3,6,8,17-19,25-29).

En cuanto a los resultados concretos expuestos, destacamos
que en la practica del desayuno se ha obtenido al final una ligera
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mejoria significativa: un 98,88 % del alumnado dicen realizarlo en
la fase de post-docencia (Tabla l), dato cercano al referenciado
para los universitarios de Castilla-La Mancha con un 98,0 % (30),
algo mas lejano del 86,3 % de los andaluces (1) o del 71,2 %
de los madrilefios (6), pero cercano al de los adultos espafioles
de 18 a 24 afos segun el reciente estudio ANIBES (26,27), esti-
mandose que lo practican diariamente un 94,2 % de los jovenes
de estas edades.

También se ha estimado la practica del almuerzo de media
mafana por la importancia que puede tener para mejorar la varia-
bilidad de la dieta y, posiblemente, su equilibrio nutricional, como
recogen diversos estudios (17,26,27), maxime en los entornos
escolares, donde se le empieza a dar una importancia estratégica
(17,19,28). De nuevo, hemos obtenido un pequefio incremento
significativo de su practica con un 67,98 % final (Tabla Il), dato
mejor que el ofrecido por otros estudios previos con estudiantes
universitarios madrilefios, donde lo practicaban diariamente un
39,5 % de los entrevistados, aunque no se les sometié a docencia
previa (17). En general, y a pesar de los avances, manifesta-
mos que, con respecto a esta toma de alimentos, probablemente
haya, para actuaciones futuras, margen de mejora con la accion
docente.

Desde otra perspectiva, también nos parecio de interés intro-
ducir un analisis de la calidad del ambiente del desayuno, en
linea con lo ya planteado en el estudio EnKid con una amplia
muestra de espafoles de 2 a 24 afios (18), donde se consta-
taron tres cualidades de interés: si se practicaba durante mas
de diez minutos, acompafiado o no, y realizando esta actividad
exclusivamente. Igualmente, en estudios mas recientes, aunque
con grupos reducidos de adolescentes, estas cualidades se han
relacionado de nuevo con una posible mejoria de la calidad nutri-
cional de la dieta (19,28). Asi pues, centrandonos ya en los datos,
si como mucho solo se cumple uno de los criterios, se establece
una calidad ambiente baja: segun lo encontrado en el Enkid (18),
un 59,5 % de desayunos; segun otros estudios mas recientes
con adolescentes, también sin intervencion educativa (19), un
43,9 % de baja calidad ambiente. En nuestro estudio (Tabla Ill) se
situaria la baja calidad del ambiente inicialmente en un 67,83 %
(17,83 % + 41,57 %) en la fase “pre”, y se reduciria al 56,98 %
(17,83 % + 39,33 %) en la fase “post”; es decir, se obtiene un
dato similar al reportado por el estudio EnKid (18).

Desde otra perspectiva, si consideramos que se cumplen las
tres condiciones, hay un ligero incremento significativo final (de
un 3,49 % pasan a cumplir las tres condiciones un 8,53 % de los
desayunos en la fase “post”); sin embargo, no hemos podido
contrastar estos datos con los de estudios similares.

Por otro lado, el andlisis de los productos consumidos en
los desayunos se ha mostrado como de interés. Se considerd
como buena calidad en el estudio EnKid la presencia de 3 pro-
ductos: un lacteo, un cereal de calidad y una fruta; igualmente
ocurrid en otros estudios mas recientes (19,25,28). Igualmen-
te en el estudio ANIBES, ya referenciado (26,27), en donde a
los 3 alimentos basicos anteriores (y excluyendo claramente la
bolleria industrial) se ha considerado también la adicion de un
complemento.
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En tal sentido se ha demostrado que a mayor variabilidad de
alimentos de los indicados, mayor calidad de la dieta (19,26-28).
Luego la presencia de al menos los tres componentes basicos
referidos (excluyendo la bollera industrial) parece capaz de trans-
mitir la idea de una calidad excepcional (valorandolos con tres
puntos), y asi o hemos considerado en nuestro estudio.

Ya haciendo referencia a los datos de los productos consumidos
conjuntamente en el desayuno y el amuerzo de media mafana
(Tabla V), recordemos que se ha obtenido que un 11,2 % del
alumnado presenta una calidad EnKid excepcional al inicio, cifra
que pasaria a un 15,7 % al final. El dato inicial es similar al
referido en un estudio descriptivo de la calidad de los desayunos
realizado en futuras maestras madrilefias en 2015, pero sin inter-
vencion educativa (17). Por otro lado, el dato final nuestro es mas
similar al reportado en el estudio EnKid (18), que encontraba un
16,75 % de desayunos de calidad excelente entre las personas
analizadas (aunque en edades de 2 a 24 afos).

Por otra parte, refiriéndonos a la variacion significativa de los
productos consumidos en las distintas tomas matinales analiza-
das (Tabla V), hemos visto que existen ligeros incrementos en
los cereales de calidad (no la bolleria industrial) en el desayuno
y en las frutas de media mafiana. Lo anterior podria concordar
con investigaciones sobre la evolucion de los habitos después
de la docencia, ligados a la adherencia a la dieta mediterranea,
donde también se han reportado cambios significativos en el
consumo de cereales y de fruta entre estudiantes universitarios
de enfermeria y magisterio (8), aunque no nos ha sido posible
hacer otras comparaciones con estudios mas similares al que
presentamos aqui.

A pesar de lo ltimo indicado, si existen distintos estudios,
especialmente con escolares no universitarios, donde se pone en
evidencia la importancia de la toma de media mafiana para com-
pletar los desayunos saludables (19,28). En tal sentido, hemos
constatado (Tabla IV) que la calidad Enkid mejora ligeramente con
la incorporacion de la toma de media mafana, y el incremento,
aunque modesto, es significativo. De hecho, se pasa de un valor
inicial medio de calidad de 1,38 puntos (sobre 3) a un dato final
de 1,61.

Resumiendo, podemos considerar que los cambios significa-
tivos vistos en los habitos analizados son modestos y permiten
seguir mejorando hacia practicas mas saludables de los desayu-
nos en las futuras actuaciones docentes. En especial, incremen-
tando la calidad de los productos consumidos e incorporando la
toma del almuerzo de media mafana.

En sintesis, creemos que puede ser de interés, para universi-
tarios como los estudiados, la plicacion de programas educacio-
nales similares al evaluado, mejorando algunos de los aspectos
que se han visto con méas debilidades.

CONSIDERACIONES SOBRE LAS
LIMITACIONES

De cara a las proximas investigaciones, seria necesario superar
determinadas limitaciones, como la circunscripcion a un ambito

M. Rodrigo Vega y J. M. Ejeda Manzanera

territorial limitado. Se deberian abordar apuestas docentes nue-
vas ligadas a trabajar por la mejoria de los habitos o incluso por
introducir muestreos de andlisis con antiguos estudiantes al cabo
de cierto tiempo de su graduacion (en 4° curso acaban). Por
otra parte, la calidad del desayuno se ha determinado en base a
criterios cualitativos y no se ha llevado a cabo ninguna valoracion
nutricional cuantitativa, cosa que podria indicar que quiza se valo-
ra un desayuno como de buena calidad aunque no cumpla con
los requisitos nutricionales. Asimismo, también se podria ampliar
la base de conocimientos a evaluar para profundizar en otras
facetas de interés nutricional.
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Resumen

Antecedentes: la adolescencia es un periodo importante para reforzar la educacion sobre alimentacion saludable. Para ello se requiere
consensuar y establecer prioridades con expertos sobre las mejores metodologias para educar a los adolescentes en alimentacion saludable.

Métodos: se escogit el método Delphi para obtener consenso a través de opiniones andnimas repetidas en dos rondas. Se seleccionaron
expertos en nutricion (24), educacion (14) y cocina (2) con los siguientes criterios de inclusion: carrera profesional relevante; mostrar interés en
su area de conocimiento y experiencia en educacion en alimentacion saludable. Los 40 expertos de la primera ronda disminuyeron a 37 en la
segunda ronda. El cuestionario enviado por correo en la primera ronda y sus resultados fueron reenviados para establecer prioridades. El andlisis
se efectud con estadisticas descriptivas (%). Se considero consenso el valor > percentil 75. La consistencia interna se analizd con el coeficiente
alfa de Cronbach (se considera buena si alfa es mayor de 0,7 y moderada si se sitda entre 0,6 y 0,7).

Resultados: hubo mas de un 90 % de consenso en las metodologias para habitos alimentarios, habilidades culinarias y estrategias metodologicas.
En los habitos alimentarios se consideré como prioritario mejorar el acceso a la comida saludable y cambiar los curriculos en la escuela. En las
habilidades culinarias, la preparacion de un desayuno saludable y colaciones saludables, y en las estrategias metodoldgicas, educar en habitos
alimentarios durante el desayuno y el almuerzo, y desarrollar actividades participativas tales como talleres de cocina.

Conclusiones: el método Delphi fue (til para obtener el consenso y las prioridades en cuanto a las metodologias para educar a los adolescentes
en alimentacion saludable.

Abstract

Background: adolescence is a relevant period to educate in healthy eating behaviors. For this purpose it is necessary to obtain expert opinions
and reach consensus and prioritize the best methodologies available to educate adolescents on healthy eating.

Methods: the Delphi method was chosen to get consensus through repeated iterations of anonymous opinions in two rounds. Participants were
experts in nutrition (24), education (14), and cooking (2), selected with the following inclusion criteria: outstanding professional career; interest
shown in their knowledge area, and expertise in healthy eating education. The 40 experts in the first round were reduced to 37 in the second
round. The questionnaire was mailed in the first round and the results were sent to establish priorities in the second round. The analysis was done
with descriptive statistics (%). Consensus was reached if > 75" percentile. Cronbach’s alpha coefficient was used to analyze internal consistency,
which was considered good for an alpha value higher than 0.7, and moderate for values between 0.6 and 0.7.

Results: there was 90 % consensus for food habits, culinary skills, and methodologies. In food habits experts prioritized improving access to
healthy food and curricular changes at school. In culinary skills they agreed on healthy breakfast and healthy snack preparations; in methodologies
the consensus was to educate in healthy eating at breakfast and lunch at school, and on participative activities such as cooking workshops.

Conclusions: the Delphi method was useful to obtain consensus and priorities on the methodologies to educate adolescents in healthy eating.
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SALUDABLE EN ADOLESCENTES

INTRODUCCION

Considerando el aumento de la obesidad en el mundo (1),
existen numerosas investigaciones sobre metodologias para
cambiar habitos alimentarios en escolares menores de 10 afios.
Sin embargo, no existe una cantidad de investigacion similar en
grupos de adolescentes (2).

La adolescencia es un periodo importante para planificar el pro-
yecto de vida en que los adolescentes enfrentan nuevos cambios
y desafios, debiendo tomar decisiones auténomas sobre su vida,
incluyendo la alimentacion (3). Para ello no han existido politicas
publicas adecuadas que apoyen los cambios hacia una alimenta-
cion saludable que deberian hacer los adolescentes para prevenir
y mejorar su salud, lo cual va a ser determinante en su vida futura.
La adolescencia es una excelente oportunidad para fomentar la
adquisicion de habitos saludables que puedan permanecer toda la
vida como, por ejemplo, la actividad fisica (4). Por otra parte, el uso
de las tecnologias de la informacion y comunicacion (TIC) son un
medio importante para mejorar habitos en la adolescencia por su
uso frecuente en esta etapa de la vida (5). Para disefiar metodolo-
gias para cambiar habitos en la adolescencia es necesario conocer
la opinidn de los propios adolescentes, lo cual se efectud en un
estudio previo mediante grupos focales (6). Con esta informacion
es posible disefiar metodologias adecuadas acudiendo a grupos
de expertos y usando el método Delphi para obtener consenso y
priorizar estrategias metodoldgicas, como se hizo en grupos de
preescolares (7) y escolares (8). El objetivo de este estudio es
conocer la opinion de los expertos para consensuar y establecer
prioridades sobre las mejores metodologias en términos de habitos
alimentarios, habilidades culinarias y educacion nutricional con el
fin de educar a los adolescentes en alimentacion saludable. La
hipdtesis es que conociendo las mejores metodologias es posible
mejorar los habitos alimentarios de los adolescentes.

MATERIAL Y METODOS

DISENO DEL ESTUDIO

El método Delphi se aplica mediante consultas repetidas a
expertos hasta llegar a acuerdos. Esto se realiza via e-mail y
las opiniones son andnimas (9). Este estudio se realizd con dos
rondas en Santiago de Chile entre agosto y noviembre de 2017.

PARTICIPANTES Y RECLUTAMIENTO

Se seleccionaron expertos en tres temas: nutricion, educacion y
cocina, con los siguientes criterios de inclusion: i) reconocimiento
académico y profesional en su tema especifico; ii) interés acadé-
mico en su area de trabajo; iii) experiencia en toma de decisiones
y iv) experiencia en programas relacionados con la alimentacion
saludable (10).

Se invitd a participar a 50 expertos, de los cuales 40 aceptaron
(80 %), con un 82,5 % de mujeres y un 17,5 % de hombres. Del
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total, un 60 % eran nutricionistas, 35 % educadores y 5 % chefs. En
la primera ronda, el 100 % respondié al cuestionario y en la segun-
da ronda lo hizo un 92,5 %, lo cual es una excelente respuesta.

INSTRUMENTOS (CUESTIONARIOS)

Los cuestionarios fueron elaborados por los investigadores de
acuerdo con los resultados de los grupos focales realizados pre-
viamente con adolescentes (6). Los principales hallazgos de los
grupos focales fueron que sabian lo que habia que comer para
tener una alimentacion saludable pero consumian todo lo contrario.
Les gustaba cocinar pero preferian la comida rapida, que aumen-
taba los fines de semana cuando salian con amigos o familiares
a centros comerciales. Todos tenian acceso a teléfonos celulares,
tablets 0 computadoras y estaban abiertos a usarlos en campafias
de alimentacion saludable a través de mensajes, videos u otras apli-
caciones. Los cuestionarios se elaboraron con preguntas abiertas y
cerradas. Las preguntas cerradas estaban ordenadas de acuerdo
con una escala Likert de 5 puntos, desde “acuerdo total” hasta
“desacuerdo total”. El cuestionario de la primera ronda tenia 41
preguntas distribuidas de la siguiente forma: a) habitos alimentarios
(4 preguntas); b) habilidades culinarias (9 preguntas) y ¢) metodolo-
gias educacionales (25 preguntas cerradas y 3 abiertas) (Anexo 1).

PROCEDIMIENTOS

El primer cuestionario se envié con un plazo de respuesta de 15
dias. Las respuestas fueron analizadas por los investigadores para
establecer los consensos y las preguntas donde no habia acuerdo.
Las preguntas abiertas fueron analizadas en detalle y sirvieron para
reforzar los consensos de las preguntas cerradas. De acuerdo con
este andlisis, 1os investigadores reformularon el cuestionario con
preguntas sobre las que habia al menos un 90 % de consenso. Al
darse cuenta de que habia problemas en la comprension de la prio-
rizacion de los temas, los investigadores reformularon las preguntas
en el segundo cuestionario, que tenia solo preguntas cerradas: 4
sobre habitos alimentarios, 7 sobre metodologias educacionales
y 9 sobre habilidades culinarias. El ranking de prioridades en la
segunda ronda se hizo desde 1, la mas alta prioridad, hasta el
Ultimo ndmero mayor como prioridad mas baja (Anexo 2).

ANALISIS ESTADISTICO

El andlisis se hizo con estadistica descriptiva. En la primera
vuelta, los resultados se expresaron en porcentaje (%) para el “de
acuerdo” 0 “muy de acuerdo”. El criterio de consenso conside-
rado como minimo fue el percentil 75. En la segunda vuelta, los
porcentajes se calcularon solo para las dos prioridades mas altas,
1y 2. Se utilizo el coeficiente alfa de Cronbach para analizar la
consistencia interna en la segunda vuelta, considerandose buena
cuando el valor del coeficiente alfa de Cronbach era mayor de 0,70
y moderada cuando estaba entre 0,60 y 0,70. Para el andlisis se
utilizé el paquete estadistico STATA 14 para Windows (2011).
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RESULTADOS acceso a alimentos saludables en el desayuno, colacion o almuer-
70,y €) uso de TIC (Fig. 1).
PRIMERA RONDA Habilidades culinarias: hubo mas de un 90 % de consenso en

Habitos alimentarios: casi todos los expertos (95 %) estuvieron
“de acuerdo” o “totalmente de acuerdo” con la posibilidad de
cambiar los habitos de los estudiantes de sexto a octavo afio
en todas las estrategias consultadas: a) cambios curriculares; b)
inclusion de temas relacionados con la alimentacion saludable;
¢) modificacion de practicas alimentarias en el colegio; d) mayor

las propuestas del grupo investigador, tales como: a) preparar
un desayuno o colacion saludable; b) lavar y cortar fruta para
el consumo directo; ¢) preparar ensaladas crudas o cocidas,
y d) preparar un plato saludable con diferentes ingredientes.
El consenso fue del 80 % para la preparacion de la comida
tradicional y del 50 % para la preparacion de pasta, ravioles y
fideos (Fig. 2).
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80
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50
40
30
20
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Cambios Cambio practicas  Utilizar Tecnologias ~ Educacion activa y
curriculares alimentarias de la Informaciony  participativa (talleres
Comunicacion (TIC)  de cocina, huertos
% Acuerdo escolares, concursos)
Figura 1.

Estrategias educacionales efectivas para el cambio de habitos alimentarios en adolescentes (primera ronda).
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Figura 2.

Habilidades culinarias que los adolescentes deben aprender (primera ronda).
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Temas de las estrategias educacionales para adolescentes (primera ronda).

Estrategias educacionales. en este punto también hubo con-
senso de mas del 90 % en las estrategias propuestas, excepto en
cambiar la hora del té en la tarde o “las once” (11) por un plato
de comida saludable y la ensefanza de los efectos en la salud de
una alimentacion poco saludable (Fig. 3).

En el caso de las TIC para cambiar habitos en adolescentes,
hubo consenso en las propuestas de los investigadores, excepto
en enviar recetas de cocina por medios electrnicos (Tabla ).

En las preguntas abiertas, 10s expertos sugirieron que los ado-
lescentes deberian formar parte desde el inicio en el disefio y la
gjecucion de las estrategias, tomando muy en cuenta la influen-
cia de sus pares y de la necesidad de incluir a los padres en
la intervencion, lo cual se ha demostrado fundamental para el
éxito de cualquier iniciativa de cambio de habitos en el dmbito
de la alimentacion saludable. Los expertos también resaltaron la
importancia de que las estrategias fuesen interactivas, atractivas,
con impacto en el corto plazo, con informacion precisa y utilizando
un lenguaje apropiado para los adolescentes.

SEGUNDA RONDA

Habitos alimentarios: la primera prioridad que aparecio fue
cambiar las practicas alimentarias en el colegio, como la de tener
un mayor acceso y variedad de alimentos saludables en el desa-
yuno, la colacion y el almuerzo. Segundo, la incorporacion de los
temas de alimentacion saludable en el curriculum, donde no estan
presentes hoy dia. Tercero, una educacion activa y participativa,
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Tabla I. Caracteristicas de las tecnologias
de informacién y comunicacion (TIC)
como estrategia educacional para
modificar habitos alimentarios en
adolescentes (primera ronda) (n = 40)

Caracteristicas e LUCL L]
(%) (P50)

Juegos interactivos 95,0 5,0
Recetas saludables escritas para TIC 57,0 4,0
Tutoriales sobre recetas faciles, 970 50
saludables y agradables al paladar ' '
Tutoriales de actividad fisica 100,0 5,0
Informacion personal sobre
recomendaciones nutricionales de 82,5 45
acuerdo con peso, talla, edad y sexo
Esquemas y tiempos de comidas 92,0 5,0
Informa0|on nutricional de los 95,0 5.0
alimentos

como talleres de cocina, huertos escolares y concursos, y cuarto,
el uso de las TIC (Fig. 4). En estos temas se encontr6 una baja
consistencia interna en las respuestas (alfa de Cronbach = 0,54).

Habilidades culinarias. hubo consenso en desarrollar dos habi-
lidades culinarias importantes: preparar un desayuno saludable
(83,8 %) y una colacion saludable (70,3 %). Los expertos le dieron



842

una baja prioridad a la preparacion de pastas, platos tradicionales
y sopas (Fig. 5), lo cual confirma lo encontrado en la primera
vuelta. En esta dimension se encontrd una adecuada consistencia
interna en las respuestas (alfa de Cronbach = 0,74).
Metodologias educacionales: 10s expertos priorizaron las acti-
vidades relacionadas con aprovechar el tiempo del desayuno y

F. Vio et al.

el almuerzo para realizar actividades educativas con los alumnos
(56,7 %). En segundo lugar, priorizaron los talleres de cocina
realizados por nutricionistas u otros profesionales (54,1 %), y en
tercer lugar los mensajes educativo-comunicacionales a través de
las TIC (40,5 %) (Fig. 6). Este item tuvo una adecuada consistencia
interna (alfa de Cronbach = 0,75).
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Cambicar practicas alimentarias
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43,2
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Figura 4.

Estrategias efectivas para modificar habitos alimentarios en adolescentes (segunda ronda).
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Prioridades en habilidades culinarias.
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Figura 6.

Prioridades de las metodologias educacionales sobre alimentacion saludable.

DISCUSION

El objetivo de esta investigacion fue buscar el consenso de
expertos acerca de cuales son las mejores metodologias para
educar a los adolescentes en alimentacion saludable para cam-
biar sus habitos. Se utilizd el método Delphi, que se ha aplicado en
muchas areas, incluida la educacion (12). Para ello se consulté a
un grupo de expertos en nutricion, educacion y cocina acerca de
cudles eran las mejores metodologias y los temas que deberian
ser prioritarios. Hubo consenso en la mayor parte de las estrate-
gias y temas presentados por los investigadores. En relacion a los
habitos alimentarios, el consenso fue que, para generar cambios
en los adolescentes, estos temas tenian que estar incorporados
en la malla curricular con un amplio acceso a alimentos saluda-
bles como frutas y verduras en el desayuno, colacion y almuerzo,
lo que no sucede en la actualidad. Esto coincide con investigacio-
nes internacionales que recomiendan modificar el entorno escolar,
aumentar la oferta de productos saludables y eliminar la comida
poco saludable de las escuelas (13).

Por otra parte, el uso de las TIC tuvo un alto consenso en la
primera vuelta (97,5 %), si bien en la segunda vuelta disminuyd
su prioridad. Esto pudo ser por la edad de los expertos (prome-
dio + DE: 36,4 + 10,5), ya que los jovenes valoran mas las TIC
que las personas mayores. Un estudio previo de los autores (6)
demostrd que los profesores mayores de 40 afios usaban menos
las TIC. Una revision sistematica reciente concluyo que las inter-
venciones de largo plazo con exposiciones frecuentes a las TIC,
y que tienen un componente tedrico dirigido a un solo cambio de
comportamiento saludable, tienden a ser mas exitosas (14). Los
expertos concuerdan en que los adolescentes deben desarro-
llar habilidades culinarias para mejorar sus habitos alimentarios,
priorizando las preparaciones del desayuno y de las colaciones
saludables. Esto aumentaria la presencia y participacion de los
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adolescentes en la cocina, el conocimiento y la preferencia por
alimentos saludables, como quedé demostrado en un estudio
experimental que fortalecid las habilidades culinarias de los estu-
diantes (15).

Acerca de los bengficios de cambiar las “once” por un plato de
comida saludable en la noche, no hubo consenso por el habito
generalizado de la poblacion chilena, donde un 90 % ha cambiado
la comida de la noche por pan con agregados muy poco saluda-
bles, siendo esta la principal comida del dia (16), a pesar de sus
efectos nocivos para la salud (11).

En cuanto a las metodologias para llevar adelante la educacion
sobre la alimentacion saludable, los expertos priorizan la edu-
cacion participativa y experimental. Estas metodologias incluyen
actividades en la escuela dirigidas por profesores y profesionales
en estrecha colaboracion con los adolescentes, tales como talle-
res de cocina, concursos y participacion activa en la sala de clase
y durante el desayuno y almuerzo (17).

Entre las fortalezas del estudio esta el hecho de que se basd en
un estudio previo de grupos focales en adolescentes (6) que apor-
16 los temas relevantes para ser tratados con los expertos con €l
método Delphi, el cual ya habia sido utilizado por los investigado-
res con preescolares hasta segundo de basica (7) y en escolares
de tercero a sexto grado (8), comprobandose que es un método
Util para establecer consensos y prioridades. Ademas, los expertos
fueron seleccionados con criterios claros (10) en tres areas del
conocimiento: nutricion, educacion y cocina. Su buen nivel quedd
demostrado por su alta participacion y tasa de respuestas en las
dos vueltas (100 y 92 % de respuestas, respectivamente).

Entre las limitaciones del estudio estuvo la mala compren-
sion de los expertos acerca de como construir un ranking de
prioridades, lo cual se reformuld para la segunda vuelta, lo que
permitio obtener un resultado adecuado en cuanto a consenso
y prioridades.
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La educacion de los adolescentes en el tema de la ali-
mentacion saludable es compleja. Sin embargo, es un grupo
de edad que requiere una intervencion urgente para que se
mantengan habitos saludables en la edad adulta, ya que existe
evidencia de que los habitos adquiridos en la adolescencia
pueden permanecer en el tiempo (3). El método Delphi es una
herramienta que permite recolectar informacion de un grupo
de expertos, llegar a un consenso y establecer prioridades que

F. Vio et al.

sean Utiles para tomar decisiones en temas especificos. En
nuestro caso, este método fue Util para encontrar las meto-
dologias mas efectivas para educar a los adolescentes en los
habitos de alimentacion saludable. Al igual que en estudios
previos y en las recomendaciones internacionales, los resul-
tados sugieren que las actividades practicas y participativas
son las mas efectivas, junto con los cambios en el curriculum
y en el entorno escolar (18).

Datos personales del experto (a):

Nombre

ANEXO 1.

CUESTIONARIO DELPHI PARA EXPERTOS EN EL AREA DE ALIMENTACION, NUTRICION,
EDUCACION Y GASTRONOMIA

Edad

Institucion y cargo actual

E-mail Teléfonos

INTRODUCCION

los adolescentes de sexto a octavo afio de educacion basica.
Los temas a tratar son los siguientes:
1. Habitos alimentarios
2. Habilidades culinarias
3. Metodologias educativas
4. Guias alimentarias

— Fernando Vio, fvio@inta.uchile.cl
— Marcela Olaya, marcela_olayaO6@hotmail.com

1. HABITOS ALIMENTARIOS

anterior, Ud. considera que:

Este cuestionario corresponde a la primera ronda del método Delphi. Esta organizado en 4 capitulos tematicos con el fin de obtener
el consenso del panel de expertos para el desarrollo de una estrategia educativa que permita mejorar los habitos de alimentacion de

El cuestionario estd compuesto por 50 preguntas cerradas y dos preguntas abiertas. En las preguntas cerradas, Ud. debera colocar
una puntuacion dentro de un rango establecido de 1 a 5 (donde: 5 = total acuerdo, 4 = de acuerdo, 3 = indiferente, 2 = en desacuerdo
y 1 = en total desacuerdo) o establecer prioridades donde la mayor prioridad serd 1y la menor 4 (P21 a P24) u 11 (P41 a P51).

Para cualquier consulta acerca del cuestionario, por favor dirigirse a:

En los adolescentes se resaltan habitos de alimentacion como omitir el desayuno o consumir algo ligero en este tiempo de comida;
consumir alimentos de paquete en las colaciones; tomar doble almuerzo; horarios de comida no establecidos; cambios de alimen-
tacion los fines de semana y reemplazo de la cena por las once y alto consumo de alimentos no saludables. Teniendo en cuenta lo
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N.°

Pregunta

1
Total
desacuerdo

2
Desacuerdo

3
Indiferente

4
De acuerdo

5
Total
acuerdo

P01

¢Es posible cambiar estos habitos en alumnos de 6° a
8° basico?

P02

;Es posible cambiar estos habitos en los alumnos con
el actual curriculo escolar?

P03

Modificando précticas alimentarias en la escuela
(acceso a alimentos saludables en las colaciones,
variedad de alimentos en desayunos y almuerzos),
45 posible cambiar habitos de alimentacion en los
alumnos?

P04

¢Las tecnologias para la informacidn y la comunicacion
son (tiles para cambiar habitos de alimentacion?

P05

Mediante educacion activa-participativa por parte de los
mismos adolescentes, ¢es posible superar las barreras
de alimentacion saludable en los adolescentes?

P06

Si se implementara una aplicacion informatica
interactiva dirigida a adolescentes, ¢es posible cambiar
habitos de alimentacion en este grupo de edad?

2. HABILIDADES CULINARIAS

su alimentacion?

2.1. En su opinidn, ¢qué habilidades culinarias debe tener un adolescente para mejorar

NO

Pregunta

1
Total
desacuerdo

2
Desacuerdo

3
Indiferente

4
De acuerdo

5
Total
acuerdo

Po7

Preparar un desayuno saludable (fruta + 1 porcion
de pan con agregado de palta o tomate + lacteo
+ huevo)

P08

Preparar una colacion saludable (fruta, yogur con
cereal, sandwich saludable)

P09

Preparar y trozar fruta

P10

Preparar verduras crudas o cocidas

P11

Preparar un plato saludable con carne, pollo,
pescado, pavo + ensalada + quinoa, arroz o
fideos

P12

Preparar legumbres como porotos, lentejas,
arveja, garbanzo

P13

Preparar platos tradicionales chilenos como
charquican, cazuela, carbonada, etc.

P14

Preparar sopas de verduras, legumbres o cereales

P15

Preparar pastas como fideos, tallarines, ravioles
y otros

[Nutr Hosp 2020;37(4):838-849]
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3. METODOLOGIAS EDUCATIVAS

cambios de habitos alimentarios?

3.1. ¢{Qué metodologias educativas deberian utilizarse con los adolescentes para generar

1 5
N.° Pregunta Total 2 . 8 4 Total
Desacuerdo | Indiferente | De acuerdo
desacuerdo acuerdo
P16 | Ensenanza con libros de recetas en clase

Ensefianza de preparacion de recetas saludables

P17 mediante el uso de las TIC

P18 | Talleres de cocina dirigidos por profesores

Talleres de cocina dirigidos por nutricionistas u otros

P19 .
profesionales

P20 | Talleres de cocina dirigidos por chefs profesionales

3.2. De las siguientes metodologias educativas a realizar en la escuela para crear habitos
de alimentacién saludables en los alumnos de 6° a 8° basico, priorice las actividades que
Ud. considere efectivas, siendo de mayor prioridad el niimero 1y de menor prioridad el

numero 4.
N.° Pregunta Prioridad
P21 Entrega de recetas de alimentacion saludables a los alumnos
P22 Aprovechar el horario de desayuno y almuerzo, realizar actividades de habilidades culinarias y alimentacion
saludables por los mismos alumnos
P23 Talleres grupales de cocina con los alumnos
P24 Mensaje educativo-comunicacionales a través del uso de TIC en teléfonos celulares e internet

3.3. ¢Cuales de estos temas cree Ud. importante incluir en la estrategia educativa sobre
alimentacion y nutricién dirigida a los adolescentes?

1 5
N.° Pregunta Total 2 . 3 4 Total
Desacuerdo | Indiferente | De acuerdo
desacuerdo acuerdo
Efectos en la salud por exceso del consumo de
P25 ,
alimentos no saludables

P26 Tiempos, horarios y porciones de alimentos
P27 Colaciones saludables para la escuela
P28 Manejo del dinero
P29 Alimentacion en celebraciones, reuniones de pares y

fines de semana
P30 Beneficios del consumo de agua
P31 Beneficios de un desayuno saludable
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3.4. Al disenar una estrategia educativa para modificar habitos de alimentacion en adolescentes,
¢qué caracteristicas considera Ud. que deberian tener las TIC?

N.°

Pregunta

1
Total

2
Desacuerdo

3
Indiferente

4
De acuerdo

5
Total

desacuerdo

acuerdo

P32

Juegos interactivos

P33

Recetas saludables escritas

P34

Tutoriales de recetas rapidas, ricas y saludables

P35

Tutoriales de actividad fisica

P36

Ficha de informacion que incluya peso, talla, edad,
sexo y recomendaciones para su edad

P37

Informacion de los beneficios de diferentes deportes

P38

Horario y tiempos de comida

P39

Informacion nutricional de alimentos de la temporada
(estaciones)

P40

¢ Qué otras caracteristicas considera Ud. que deberian tener las TIC como estrategia educativa para los adolescentes?

4. GUIAS ALIMENTARIAS

4.1. Con el fin de difundir los mensajes de las guias alimentarias en una nueva estrategia
educativa, ¢qué mensajes priorizaria para los adolescentes como poblacion objetivo?

NO

Pregunta

Escalade 1a 11

P41

Para tener un peso saludable, come sano y realiza actividad fisica diariamente

P42

Pasa menos tiempo frente al computador o la tele y camina a paso rapido, minimo 30 minutos al dia

P43

Come alimentos con poca sal y saca el salero de la mesa

P44

Cuida tu corazon evitando frituras y alimentos con grasa como cecinas y mayonesa

P45

Come 5 veces verduras y frutas frescas de distintos colores cada dia

P46

Para fortaleces tus huesos, consume 3 veces al dia lacteos bajos en grasa y azlicar

P47

Para mantener sano tu corazon, come pescado al horno o a la plancha 2 veces por semana

P48

Consume legumbres al menos dos veces por semana, sin mezclarlas con cecinas

P49

Para mantenerte hidratado, toma 6 a 8 vasos de agua al dia

P50

Lee y compara las etiquetas de los alimentos y prefiere los que tengan menos grasas, azucar y sal (sodio)

P51

Para tener un peso saludable, come sano y realiza actividad fisica diariamente

P52

¢Qué otros mensajes considera Ud. que deberian incluirse en las TIC como metodologia de intervencion educativa para adolescentes?

[Nutr Hosp 2020;37(4):838-849]
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ANEXO 2.
SEGUNDA RONDA DE CONSULTAS

Este cuestionario corresponde a la segunda roda del método Delphi, que busca obtener el consenso del panel de expertos en torno
al disefio de una estrategia educativa utilizando las tecnologias de la informacion y la comunicacion (TIC) para apoyar el cambio de
habitos de alimentacion en los adolescentes de sexto a octavo afio de educacion basica.

En la primera ronda recibimos 40 cuestionarios con sus respuestas. En general, hubo consenso en las opiniones. En las tres pre-
guntas abiertas (P21, P32 y P41) hubo un aporte de ideas importantes e interesantes para el objetivo del estudio.

En esta segunda ronda queremos solicitar su opinidn sobre estos mismos aspectos a través de la jerarquizacion de lo preguntado.
Para ello, cada pregunta tiene dos columnas. La primera muestra el porcentaje de acuerdo y el total de acuerdo que hubo en la
primera ronda. La segunda esté en blanco para que Ud. las priorice: a la que considera mas importante le pone un 1, a la segunda
en importancia un 2, y asi hasta llegar a la menos importante. Es decir, la jerarquizacion se organiza de 1 en adelante, siendo el 1 la
primera prioridad, el 2 la segunda prioridad, y asi sucesivamente.

1. HABITOS ALIMENTARIOS

Con el fin de transmitir la alimentacion saludable a los adolescentes, le solicitamos que ordene de 1 a 4 las siguientes estrategias
segun su prioridad para ser efectivas, siendo 1 la mas prioritaria y 4 la menos prioritaria.

0 Orden de prioridad
o % de acuerdo e
N. Pregunta (1 mas prioritario
y total acuerdo L
y 4 menos prioritario)
P01 | Cambios en el actual curriculo escolar, incorporando temas de alimentacin saludable. 97,5
P02 Modificando las précticas alimentarias en la escuela (acceso a alimentos saludables en las %50
colaciones, variedad de alimentos en desayunos y almuerzos). '
P03 | Uso de las tecnologias de la informacion y la comunicacion interactiva dirigida a adolescentes. 97,5
P04 Educacion activa-participativa por parte de los mismos adolescentes (talleres de cocina, 975

huertos escolares, concursos).

2. HABILIDADES CULINARIAS

De acuerdo con su criterio como experto, por favor jerarquice las siguientes habilidades culinarias desde la mas importante (nime-
ro 1) a la menos importante (nimero 9) segun las capacidades de los adolescentes (10 a 14 afos).

Orden de importancia
% de acuerdo e
N.° Pregunta (1 mas prioritario
y total acuerdo L
y 9 menos prioritario)
PO Preparar un desayuno saludable (fruta + 1 porcion de pan con agregado de palta o tomate + 95
lacteo + huevo)
P06 | Preparar una colacion saludable (fruta, yogur con cereal, sandwich saludable) 95
P07 | Lavary trocear la fruta 90
P08 | Preparar una ensalada con verduras crudas o cocidas, lavandolas bien y alifiandolas 95
P09 | Preparar un plato saludable con carne, pollo, pescado, pavo + ensalada + quinoa, arroz o fideos 90
P10 | Preparar legumbres como porotos, lentejas, arveja, garbanzo 92
P11 | Preparar platos tradicionales chilenos como charquican, cazuela, carbonada, etc. 80
P12 | Preparar sopas de verduras, legumbres o cereales 90
P13 | Preparar pastas como fideos, tallarines, ravioles y otros 50
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3. METODOLOGIAS EDUCATIVAS

Respecto a la jerarquizacion de las metodologias educativas, en la primera ronda no hubo consenso, por o que se debe repetir

la pregunta.

De las siguientes metodologias educativas a realizar en la escuela para mejorar los habitos de alimentacion saludables en los
alumnos de 6° a 8° de basica, coloque el nimero 1 frente a la que usted considera “mas efectiva”, un 2 frente a la siguiente mas
efectiva, y asi sucesivamente hasta poner un nimero 7 frente a aquella que considera “menos efectiva”. Sefiale un ndmero diferente

para cada estrategia.

N.° Pregunta

Orden de prioridad
(1 mas prioritario
y 7 menos prioritario)

P14 | Entrega de recetas de alimentacion saludables a los alumnos

P15 saludable

Aprovechar el horario de desayuno y almuerzo para realizar actividades de educacion sobre alimentacion

P16 | Ensefianza de la preparacion de recetas saludables mediante el uso de TIC

P17 | Mensajes educativo-comunicacionales a través del uso de TIC en teléfonos celulares e internet

P18 | Talleres de cocina dirigidos por profesores

P19 | Talleres de cocina dirigidos por nutricionistas u otros profesionales

P20 | Talleres de cocina dirigidos por chefs profesionales

Agradecemos nuevamente su opinion y el tiempo de dicado a diligenciar este cuestionario, ya que es de gran importancia su aporte

para el cumplimiento de los objetivos.
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In vivo assessment of the protection conferred by B-glucans from Pleurotus ostreatus

against the harmful effects of acrylamide intake (Part I)
Evaluacion in vivo de la proteccion que confieren los B-glucanos de Pleurotus ostreatus frente a los
efectos nocivos de la ingestion de acrilamida (Parte |)
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Abstract

Introduction: acrylamide is formed in food through Maillard’s reaction during thermal processing, and has been shown to be neurotoxic in
humans, and a possible carcinogen. Studies have shown that B-glucans from Pleurotus ostreatus have diverse biological properties such as
antioxidant and anticancer activities.

Objective: the aim of this work was to evaluate the protective effect of B-glucans from Pleurotus ostreatus against the harmful effects of
acrylamide consumption in mice.

Methods: B-glucans were obtained by alkaline-acid hydrolysis of Pleurotus ostreatus, and the content was characterized by liquid chromatography.
To evaluate the effect of B-glucans on the expression of glutathione, Balb/c mice were used, and 4 test groups were established. All groups were
fed normally, and the groups treated with acrylamide were administered the compound intragastrically at a concentration of 50 pg/mL; B-glucans
were administered at a concentration of 50 pg/mL.

Keywords: Results: mice exposed to acrylamide showed a marked variation in the activity of glutathione enzymes in the liver. Significant differences
(p < 0.05) were only found in the expression of glutathione transferase, which was increased almost 3 times in the group treated with B-glucans

/'irc?tyﬁgmé as compared with the control group, and 1.5 times as compared with the group treated with acrylamide.
B-glucans. .Enpjme Conclusions: the results show that B-glucans could act by increasing the activity of enzymes involved in xenobiotic detoxification, thus protecting
activity. Toxicity. the biological system against the harmful effects caused by acrylamide intake.
Resumen
Introduccion: la acrilamida se forma en los alimentos a través de la reaccion de Maillard durante el proceso térmico, y ha demostrado ser
neurotoxica en humanos y un posible carcindgeno. Algunos estudios han demostrado que los B-glucanos de Pleurotus ostreatus tienen diversas
propiedades bioldgicas, como actividades antioxidantes y anticancerigenas.
Objetivo: el objetivo de este trabajo fue evaluar el efecto protector de los B-glucanos de Pleurotus ostreatus contra los efectos nocivos por
consumo de acrilamida en ratones (prueba in vivo).
Métodos: los B-glucanos se obtuvieron por hidrélisis acido-alcalina de Pleurotus ostreatus 'y su contenido se caracterizd por cromatografia
liquida. La oxidacion de los lipidos se evalu6 mediante el método de TBARS, y para evaluar el efecto de los B-glucanos en la expresion de glutation
se usaron ratones Balb/c, y se establecieron 4 grupos de prueba. Todos los grupos fueron alimentados normalmente; a lo grupos tratados con
Palabras clave: acrilamida, esta se les administrd intragéstricamente en una concentracion de 50 pg/ml, y los B-glucanos en una concentracion de 50 pg/ml.
3 ' Resultados: en el presente trabajo, los ratones expuestos a acrilamida mostraron una marcada variacion en la actividad de las enzimas de glu-
Proteccion. tation determinadas en el higado. Solo se encontraron diferencias significativas (p < 0,05) en la expresion de glutation-transferasa, que aumentd
éfé‘:ﬁg;‘ggs' Actividad casi 3 veces en el grupo tratado con B-glucano en comparacion con el grupo de control, y 1,5 veces con respecto al grupo tratado con acrilamida.
antioxidante. Gonclusiones: los resultados muestran que los B-glucanos podrian actuar como agentes antioxidantes que protegen el higado contra el estrés
Toxicidad. oxidativo causado por la ingesta de acrilamida.
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THE HARMFUL EFFECTS OF ACRYLAMIDE INTAKE (PART 1)

INTRODUCTION

In April 2002 the National Food Authority of Sweden published
a study in which the presence of a carcinogen was reported for
the first time in experimental animals, identified as acrylamide.
The main mechanism for its formation in foods is through the
Maillard reaction between reducing sugars (such as glucose or
fructose) and the amino-terminus of asparagine during thermal
processing (T > 120 °C) (1).

Thermally processed products are consumed in large propor-
tions by the general population, since heat treatments increase
the range of colors, flavors and aromas, and also favor the devel-
opment of the desired sensory characteristics, thus offering tastier
foods to consumers. However, warming also favors chemical reac-
tions that could promote a reduction in the content of beneficial
compounds, or even the formation of potentially toxic ones such
as acrylamide (2,3).

The metabolism of acrylamide has been investigated in toxicoki-
netic studies in humans, rats, and mice. After ingestion, acrylamide
is rapidly absorbed and distributed throughout the body. It can be
found in many organs such as the thymus, liver, heart, brain, and
kidneys (4), as well as in the human placenta (5) and in breast
milk (6), being easily transferable to the fetus or the newborn.
Acrylamide can be oxidized by cytochrome P4502E1 to epoxide
glycidamide (2,3-epoxypropionamide) (7,8) or conjugated to gluta-
thione (GSH) in order to be more easily eliminated in the urine (7).

One of the most important enzymatic complexes for the detox-
ification of acrylamide is the enzymatic complex of glutathione
S-transferases (GST), which conjugates activated xenobiotics with
glutathione. Thus, the induction of this enzyme complex could
improve the detoxification and excretion of potentially harmful
compounds. GST is generally involved in the detoxification of
activated xenobiotics such as acrylamide, which is considered a
highly reactive a,B-carbonyl compound (9). Studies have shown
that the intake of xenobiotics in the diet affects GST levels, and
consequently elimination (10). On the other hand, some stud-
ies have shown the ability of vegetables such as garlic, celery,
and members of the Brassicaceae family, as well as fungal and
yeast-derived B-glucans, to modulate GST levels (9,11-13).

B-glucans are glucose polymers found in the cell wall of cereal
grains, particularly oat and barley, and of fungus such as Pleuro-
tus ostreatus, which is a popular and important edible mushroom
commercially cultivated worldwide due to the biological properties
attributed to it (13). Therefore, the objective of this study was to eval-
uate the protection conferred by B-glucans from Pleurotus ostreatus
against the harmful effects of acrylamide consumption in vivo.

METHODS

OBTENTION OF g-GLUCANS FROM
PLEUROTUS OSTREATUS

The fungus was obtained from the culture collection belonging to
the Industrial Microbiology Laboratory. Mature fungi were thoroughly
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washed in distilled water, then dried and disinfected with ethanol
(70% v/v) before extracting the B-glucans present in the cell wall.

B-glucans were obtained by the method described by Fleet
and Manners (14), with some modifications made by Catley (15).
After harvesting the fungus was milled to fractionate the fruiting
body, which contains the B-glucans. Briefly, 1 g of fungus extract
(pulverized) was put in contact with 10 mL of NaOH (4% w/v).
The tubes were placed in a water bath at 80 °C for 4 hours.
Subsequently, they were centrifuged at 5000 rpm for 20 min. The
supernatant (alkali-soluble glucan-mannan) was separated from
the insoluble glucan-chitin fraction (precipitate). The alkali-soluble
fraction was separated from the insoluble fraction and 5 mL of
CH,COONa (2 M) were added. The samples were kept at 75 °C
in a water bath. Subsequently, 100 mL of ethanol (96% v/v) were
added and allowed to stand for 12 hours under refrigeration at 4
°C, after which time they were centrifuged at 5000 rpm for 20
minutes — the precipitate was discarded and the supernatant,
which contains the B-glucans, was recovered.

The insoluble alkali material was re-extracted to recover the
B-glucans by adding to the precipitate 5 mL of NaOH (6% w/v) at
80 °C for 3 hours. Then the samples were centrifuged at 5000
rpm for 20 minutes to separate the sediment from the superna-
tant. The supernatant was treated with 5 mL of CH,COONa (2 M),
and incubated at 75 °C for 2 hours. Subsequently, 100 mL of
ethanol (96%) were added, allowing the samples to stand for
24 hours at 4 °C. The supernatants were pooled and passed to a
dialysis membrane (Spectra/Pro, 12,000 to 14,000 MWCOQ). The
samples were dialyzed at 4 °C for 24 hours with constant agitation
at 70 rpm in a shaking incubator (Labtech), changing the solution
of phosphate buffer (50 mM), pH 7.4 plus NaCl (0.2 M), every
8 hours. Finally, the dialyzed concentrate was ultrafiltered using
a membrane of 3 kilodaltons MW (Spectra Por), and the fractions
obtained were lyophilized and stored in freezing until their use.

INTAKE OF ACRYLAMIDE AND
ADMINISTRATION OF B-GLUCANS

The experiment was performed with Balb/c male mice previ-
ously acclimated to and housed in plastic cages, and handled
according to the Official Mexican Standard NOM-062-700-1999.
During the period of the experiment these mice were kept under
conditions of 12:12 hours of light/darkness at a temperature of
25 °C, and were provided with water and feed ad /ibitum. For the
evaluation of this part of the experiment 4 groups of mice were
set up as depicted in table I. The group administered acrylamide
and B-glucans was made to assess the effect of B-glucans upon
the harmful effects of acrylamide, and the groups provided with
B-glucans or with acrylamide alone were used to assess whether
these compounds themselves had any effect on enzyme activity;
the control group received none of the above. The amount of
acrylamide and B-glucan was determined according to an esti-
mate of the intake reported in other studies and adjusted at a
concentration of 50 pg/kg of body weight (BW) for acrylamide,
and at adose 50 mg/kg per day of B-glucan.
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Table I. Distribution of experimental

groups
Ex;;er::l:sntal Treatments
Group 1 Food + acrylamide
Group 2 Food + acrylamide + B-glucans
Group 3 Food + B-glucans
Group 4 Control, acrylamide- and B-glucan-free

DETERMINATION OF GLUTATHIONE-
S-TRANSFERASE, GLUTATHIONE REDUCTASE,
AND GLUTATHIONE PEROXIDASE

To evaluate this part of the experiment the mice in the 4 exper-
imental groups were sacrificed by guillotine cutting, and had their
liver immediately removed. This was homogenized in Tris-HCI buf-
fer (50 mM, pH = 8) containing sucrose (0.25 M) and phenylmeth-
ylsulfonyl fluoride (PMSF) as protease inhibitor; fat was removed
by homogenizing using cold centrifugation at high speed (4 °C,
10,000 g, 30 min) and filtration. The filtrate thus obtained was
used for the determination of glutathione-S-transferase, glutathi-
one reductase and glutathione peroxidase.

Commercial kits (Sigma Aldrich) were used to determine the
activity of these enzymes. These kits provide the necessary
reagents for a rapid measurement of glutathione transferase,
glutathione reductase and glutathione peroxidase levels in tissue
extracts, as well as in red cells and blood plasma.

STATISTIC ANALYSIS

A one-way analysis of the variance was used with the Tuckey
test using a confidence level of 95% to evaluate the differences
between treatments.

RESULTS

B-GLUCANS FROM PLEUROTUS OSTREATUS

B-glucans were obtained by alkaline extraction and subsequent
ultrafiltration from the whole body of mature and fresh fungi, from
which 3.4 grams of extract equivalent to 6.3% of whole fungus
were obtained. This extract had a concentration of B-glucans of
80%, determined by HPLC and calculated with a calibration curve
constructed with different concentrations of -glucan.

DETERMINATION OF GLUTATHIONE-
S-TRANSFERASE, GLUTATHIONE REDUCTASE,
AND GLUTATHIONE PEROXIDASE

Figure 1 shows the activity of the enzyme glutathione perox-
idase. This enzyme had a greater activity in the control group
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(0.188 U/mL) as compared to the other groups evaluated. In the
groups treated with B-glucans, with acrylamide + B-glucans, and
with acrylamide an enzymatic activity of 0.120 U/mL, 0.113 U/mL,
and 0.111 U/mL, respectively, was recorded and no significant
differences (p < 0.05) were observed between them.

On the other hand, with respect to the enzyme glutathione
reductase, the group in which the highest activity of this enzyme
was observed was the group treated with acrylamide + B-glucans
(2.484 U/mL); however, no significant differences between groups
were observed because the control group had an activity of 2.407
U/mL, and the group treated with acrylamide alone had an activity
of 2.395 U/mL; finally, the group with the lowest activity observed
was the group treated with B-glucans alone, where activity was
1.885 U/mL. Glutathione reductase activities in the evaluated
groups are depicted in figure 2.

Finally, regarding glutathione transferase, the group in which
the highest activity of this enzyme was observed was the group
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Glutathione peroxidase activity in mice liver.
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Figure 2.
Glutathione reductase activity in mice liver.
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Glutathione transferase activity in mice liver.

treated with acrylamide + B-glucans (1.834 wmol/mL/min); in
figure 3, in the group treated with acrylamide and B-glucans
enzymatic activity may be seen to increase in a statistically
significant fashion when compared to the groups treated only
with acrylamide or with B-glucans separately, and even when
compared to the control group. That is an indication of the pro-
tection that B-glucans may offer by increasing the activity of the
enzyme involved in the detoxification of acrylamide and other
xenobiotics.

DISCUSSION

The family of enzymes that includes glutathione S transfer-
ase represents the main and most important group of enzymes
involved in the phase-Il metabolism of xenobiotics. This group of
enzymes exhibits peroxidase activity and catalyzes the reduction
of organic hydroperoxides. It has been shown that induction of
these enzymes may occur as a result of the activity of both natural
and synthetic agents, which represents a promising chemopro-
tective strategy. Studies in animals have shown that the levels of
antioxidant enzymes depend on the availability of antioxidants in
the diet, which can be acquired through consumption of vege-
tables such as garlic, celery, brassicas, and/or components of
some organisms such as B-glucans from fungi and yeasts (16).
It has been reported that the activity of many enzymes is reduced
in the plasma and different organs because of acrylamide. In the
present work the mice exposed to acrylamide showed a marked
variation in the activity of glutathione-related enzymes as deter-
mined in the liver. It has been shown that the enzyme glutathione
peroxidase offers protection against oxidation, and that organ-
ic compounds such as B-glucans could increase the activity of
certain enzymes; however, our results indicate that this was not
the case, since in the group treated with acrylamide there was
no increase in the enzymatic activity of glutathione peroxidase,
and in no group were significant differences observed regarding
its activity. On the other hand, the enzyme glutathione reduc-
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tase is very important since it is responsible for the reduction of
glutathione, which is important in the reduction of the reactive
oxygen species that cause oxidation. In relation to this enzyme,
the group in which the highest activity was observed was the
group treated with acrylamide + B-glucans (2.484 U/mL); how-
ever, no significant differences between groups were observed
because the control group had an activity of 2.407 U/mL, and
the group treated with acrylamide had an activity of 2.395 U/mL;
finally, the group with the lowest activity observed was the group
treated with B-glucans only, with an activity level of 1.885 U/
mL. The fact that no significant differences were found between
the groups treated with B-glucans could be an indicative of the
fact that B-glucans do not contribute to the increase seen in the
activity of glutathione reductase, and therefore in the detoxifica-
tion of acrylamide. Glutathione reductase activity in the evaluated
groups is represented in figure 2. In 2011, Jayakumar et al. (17)
reported that the enzymatic activity of glutathione reductase was
reduced in the heart of Wistar rats treated with carbon tetrachlo-
ride; in addition, no significant differences were found between
this group and the group treated with an extract of the fungus
Pleurotus ostreatus. However, previously in 2010 the same group
of researchers reported that the administration of an extract of
the fungus Pleurotus ostreatus restored the activity of the enzyme
glutathione reductase in elderly rats (18), and in the present work
the administration of B-glucans from this fungus had no effect on
the activity of the enzyme glutathione reductase. As there were no
significant differences in activity between said group, the control
group, and the group treated with acrylamide and glucans, it is
possible that the null increase in this enzyme be due to extensive
metabolism of acrylamide, which has been pointed out by Cui-Li
etal. (19), who observed a similar behavior in Wistar rats treated
with N-nitrosodiethylamine.

As regards the enzyme glutathione transferase, it is respon-
sible for catalyzing the conjugation of reduced glutathione with
a xenobiotic, which helps to protect cells and tissues against
oxidative stress. In a study by Dagett et al. (20), they found that
the activity of GST in the kidney increased from 1.3 times at 12
hours after a single injection to 4.2 times the control values after
7 days from the first of three daily injections of lead acetate. In
the present work we found that the activity of GST was higher in
the group 1 treated with acrylamide, and this activity was record-
ed in the liver, although it has been reported that the activity of
many enzymes such as transaminases have been inhibited by
acrylamide in the plasma and in different organs such as the
liver and testes, this being due to the cellular damage caused by
toxic substances, which is often accompanied by an increase in
the permeability of the cell membrane, causing loss of enzymes
through it (21).

CONCLUSIONS

The best increase in enzymatic activity was recorded for glu-
tathione transferase, which is an enzyme responsible for cata-
lyzing the conjugation of reduced glutathione with a xenobiotic.
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It suggests that this polysaccharide may be useful for protection
against the deleterious effects caused by acrylamide intake; how-
ever, further studies are required in order to elucidate the pre-
cise mechanism whereby B-glucans may be protective against
acrylamide.
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Abstract

Introduction: in individuals with chronic kidney disease, sarcopenia is prevalent and is associated with increased morbidity and mortality, and
the occurrence of cardiovascular complications.

Objective: to verify the relationship between sarcopenia and inflammation in hemodialysis patients.

Methods: a cross-sectional study with 209 patients in five hemodialysis units. Demographic, socioeconomic, body composition, clinical laboratory,
and functional data were collected. Sarcopenia was diagnosed according to the European Working Group on Sarcopenia in Older People (grip
strength < 27 kg for men and < 16 kg for women; DEXA muscle mass < 7.0 kg/m2 for men and < 5.5 kg/m?2 for women). Inflammation was
assessed by C-reactive protein.

Results: mean age was 51.9 + 15.0 years, with a predominance of males (59.3 %). The prevalence of sarcopenia was 29.1 % and that of
inflammation was 50.2 %. A Poisson regression analysis showed that sarcopenia was associated with increased hsCRP values (PR: 1.06; 95 %

Keywords: Cl: 1.01-1.10; p-value = 0.005); BMI (PR: 0.74; 95 % Cl: 0.65-0.84; p-value < 0.001); age (PR: 1.02; 95 % Cl: 1.00-1.03; p < 0.001); male
o (PR:5.75; 95 % CI: 3.20-10.34; p-value < 0.001); presence of diabetes mellitus (DM) (PR: 1.87; 95 % Cl: 1.27-2.74; p-value < 0.001); % body

gsrnca; ;?elilifls' fat (PR: 1.07; 95 % CI: 1.04-1.09; p-value < 0.001).

Inflammation. Conclusion: the prevalence of sarcopenia can be considered high in this study, as well as inflammation. Being inflamed, presence of DM, being

Prevalence. Muscles. male, increasing age, and % body fat were risk factors for sarcopenia. On the other hand, increased BMI had a protective role.
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Resumen

Introduccion: en individuos con enfermedad renal cronica, la sarcopenia es prevalente y esta asociada a un aumento de la morbilidad y la
mortalidad, y a la aparicién de complicaciones cardiovasculares.

Objetivo: verificar la relacion entre sarcopenia e inflamacion en pacientes en hemodialisis.

Métodos: estudio transversal de 209 pacientes en cinco unidades de hemodidlisis. Se recopilaron datos demograficos, socioecondmicos, de
composicion corporal, laboratorio clinico y funcional. La sarcopenia se diagnosticd conforme al Grupo de Trabajo Europeo sobre Sarcopenia en
Personas Mayores (fuerza de agarre < 27 kg para hombres y < 16 kg para mujeres; masa muscular DEXA < 7.0 kg/m? para hombres y < 5.5
kg/m2 para mujeres). La inflamacion se evalué mediante la proteina C-reactiva.

Resultados: la edad media fue de 51,9 + 15,0 afos, con predominio de varones (59,3 %). La prevalencia de la sarcopenia fue del 29,1 %
y la de la inflamacion del 50,2 %. El andlisis de regresion de Poisson mostro que la sarcopenia se asociaba con un aumento de los valores
de hsCRP (PR: 1,06; IC del 95 %: 1,01-1,10; valor de p = 0,005); IMC (PR: 0,74; IC del 95 %: 0,65-0,84; valor p < 0,001); edad (PR:
1,02; 1C 95 %: 1,00-1,03; p < 0,001); hombre (PR: 5,75; IC 95 %: 3,20-10,34; valor p < 0,001); presencia de diabetes mellitus (DM)
(PR: 1,87;1C 95 %: 1,27-2,74; valor p < 0,001); % de grasa corporal (PR: 1,07; IC 95 %: 1,04-1,09; valor p < 0,001).

Conclusion: la prevalencia de la sarcopenia puede considerarse alta en este estudio, asi como la inflamacion. Tener inflamacion, la presencia
de DM, ser hombre, la mayor edad y el % de grasa corporal resultaron ser factores de riesgo de sarcopenia. Por otro lado, el aumento del IMC

Prevalencia. Misculo. tuvo un papel protector.

INTRODUCTION

Sarcopenia is a progressive and generalized skeletal muscle
disorder that is associated with increased adverse events, inclu-
ding falls, fractures, physical disorders, and mortality (1). In indi-
viduals with chronic kidney disease (CKD), sarcopenia is prevalent
and associated with increased morbidity and mortality and the
occurrence of cardiovascular complications (2).

Several factors have been described as determinants of sarco-
penia, such as poor nutritional status, physical inactivity, metabolic
and endocrine function disorders, chronic diseases, insulin resis-
tance, and inflammation (3,4). It has been suggested that skeletal
muscle is a secretory organ that produces and releases proteins
with specific endocrine functions in an attempt to mediate a pro-
tective effect on catabolism caused by inflammation. These pro-
teins seem to stimulate muscle growth and hypertrophy, increase
lipid oxidation, and induce anti-inflammatory activity (5,0).

Inflammation has proved to be the most important predictor
of sarcopenia (7). Among the causes of inflammation in hemo-
dialysis patients are the dialysis procedure itself and factors not
related to dialysis, such as the presence of comorbidities, clinical
complications, genetic factors, and diet (9). Studies suggest that
increased inflammatory status, characterized by increased serum
C-reactive protein (CRP) and proinflammatory cytokines, inhibits
appetite and causes increased protein catabolism, lipolysis, and
energy expenditure, negatively impacting the nutritional status of
these patients (10,11).

Persistent inflammation is a feature of advanced CKD that pro-
motes a prematurely aged phenotype and plays a central role
in sarcopenia, predicting poor clinical outcomes (12,13). These
findings suggest that there is a link between inflammatory media-
tors, muscle mass, and muscle function, but few studies have
explained this link (14).

Muscle protein imbalance, increased activation of the ubiqui-
tin-proteasome pathway, alteration of mitochondrial dynamics, cell
death, increased muscle adiposity, and synthesis that affects insu-
lin resistance and restricted muscle repair and regeneration have

been suggested as mechanisms underlying muscle degeneration
induced by inflammation (15).

Thus, it has been difficult to determine and understand the
magnitude of this problem and the consequences of uremic
inflammation in hemodialysis (HD) patients because the mecha-
nisms of how inflammation interacts with biomarkers varies, and
the relationship between biomarkers and outcomes are misin-
terpreted as changes in body composition, such as sarcopenic
obesity (13,18). In this context, it is relevant to determine the
relationship between sarcopenia, inflammation, and body com-
position in chronic renal patients undergoing HD.

MATERIALS AND METHODS

The present cross-sectional study enrolled chronic renal
patients treated in the five existing hemodialysis centers in the
city of Sdo Luis, Maranhdo. Individuals were recruited from centers
according to the following criteria: were older than 20 years of
age who received regular hemodialysis for at least three months;
patients underwent treatment 3 times a week, with each session
lasting between 3.5 and 4 hours, and had serum ultra-sensitive
C-reactive protein (US-CRP) assessed. Non-inclusion criteria were
as follows: pregnant women, amputees, carriers of neurological
diseases and/or sequelae of stroke, patients with cognitive or
intellectual impairment that prevented them from responding to
the form, and those with cancer and acquired immunodeficiency
syndrome.

The study was approved by the Committee on Ethics in
Research of the Federal University of Maranhdo University Hospital
with the assent number 1.232.730/2015; it fulfilled the ethical
recommendations for research involving human beings and was
in accordance with the World Medical Association and the Helsinki
Declaration.

In 2015, according to a survey conducted in dialysis centers,
1,009 patients underwent HD in the city of Sao Luis. The sample
size was calculated considering 694 eligible patients; correlation

[Nutr Hosp 2020;37(4):855-862]



SARCOPENIA AND INFLAMMATION IN PATIENTS UNDERGOING HEMODIALYSIS 857

between the level of hsCRP and sarcopenia of at least 0.20, sig-
nificance level of 0.05, and power of 0.80 were considered to
detect a linear correlation. The minimum required sample size
was 195 patients. Ten percent were added to compensate for
possible losses, yielding a final sample size of 209 patients. In
each center, sample size was obtained through stratified random
sampling proportional to the population size, considered here as
the number of HD patients in each center.

Data were collected from February to December 2016. Demo-
graphic, socioeconomic, and clinical data were collected throu-
gh the administration of forms and laboratory tests, which were
collected from the medical records.

Laboratory tests were conducted just prior to patient evalua-
tions and included the following: creatinine (via Jaffé reaction;
Cobas® 6000 analyzer series, Roche Diagnostics, Indianapolis,
IN, USA), albumin (bromocresol green), hemoglobin (calorimetry
by spectrophotometer; ADVIA® 120 System, Siemens Healthi-
neers, Erlangen, Germany), 25-hydroxyvitamin D (Cobas® 6000
analyzer series, Roche Diagnostics), and serum hsCRP levels
(Cobas® 6000 analyzer series, Roche Diagnostics). Inflammation
was diagnosed in patients with hsCRP serum levels > 0.3 mg/
dL. Blood samples were collected following the department’s
routine during the second HD session of the first week of the
month.

The demographic and socioeconomic characteristics of interest
were as follows: age (years), duration of HD (< 1 year, 110 5
years, > 5 years), sex, place of residence (Sao Luis or interior of
the State), self-reported skin color (white, brown/black/mulatto,
oriental, indigenous, unknown), education (years of education),
income (minimum wage: less than or equal to 1 salary, 2 to 3
wages, and > 4 wages), as well as clinical data such as presence
of comorbidities and underlying disease.

An anthropometric and functional evaluation was performed
15 minutes after HD and always on the second dialysis session
of the week to avoid the influence of fluid retention on measure-
ment. Weight (scale, Filizola®, SP, Brazil) and height (stadiometer,
Alturexata®, Alturexata Inc., Belo Horizonte, Minas Gerais, Brazil)
were measured for the subsequent calculation of the body mass
index (BMI).

To assess body composition, appendicular skeletal muscle
mass (ASM), lean mass (kg), and body fat percentage (% fat),
double-energy X-ray absorptiometry (DEXA) via the Lunar Prodigy
Primo system (GE Healthcare, Chicago, IL, USA) was used with
daily calibration as requested by the manufacturer. The evaluation
was performed within 24 hours following the HD session.

The ASM was corrected by height, generating the appendicular
skeletal muscle mass index (ASMI) using the formula: appendicu-
lar lean mass (ALM) / height2, Lean mass decreased when ASMI
values were < 7.0 kg/m? for men and 5.5 kg/m?2 for women.

Skeletal muscle functionality was evaluated through hand
grip strength (HGS) (Jamar® Smedley dynamometer, Stoelting
Company, Wood Dale, IL, USA), and physical performance was
measured using the 4-meter gait speed test. HGS was measured
on the arm opposite the fistula. Three readings were performed
with a one-minute interval between them, and the highest value
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was recorded. An HGS < 27 kg for men and < 16 kg for women
was considered as reduced strength. The usual gait speed was
measured by walking time on a 4-meter course, with values < 0.8
m/s being considered an indicator of low performance.

The criterion adopted by the European Working Group on Sarco-
penia in Older People 2 (EWGSOP2) for low muscle function and
muscle mass was used for identifying patients with sarcopenia (1).

A descriptive analysis of categorical variables was performed
using frequency and percentage, and quantitative variables were
analyzed using the mean and standard deviation (mean + SD) or
median and interquartile range. The distribution of normality was
checked with the Shapiro-Wilk test. Quantitative variables were
compared using Student’s t-test or Mann-Whitney tests according
to the distribution of normality. The chi-squared test or Fisher’s
exact test was used for comparison of proportions. The statistical
significance level was set at 5 %.

A Poisson regression with a robust error variance was fit to
assess the association between sarcopenia and inflammation.
The dependent variable was the presence of sarcopenia. The inde-
pendent variables analyzed in the model as possible confounding
variables were: age, gender, diabetes (DM, yes or no), HD time,
BMI, % fat, albumin, hsCRP, and vitamin D.

A stepwise forward selection was used to progressively discard
the variables not associated with sarcopenia. Variables with a
p-value < 0.20 were retained as part of the model. The final
Poisson regression model included all variables with p < 0.05.

The prevalence ratio (PR) and 95 % confidence intervals (95 %
Cl) were estimated to measure the magnitude of the association
between sarcopenia and inflammation (measured by the numeri-
cal variable hsCRP). All analyses were performed using the Stata
14 software (StataCorp., College Station, TX, USA).

RESULTS

The study sample consisted of 209 chronic renal patients
undergoing HD. Most patients were men (59.3 %) with a mean
age of 51.9 + 15.0 years, living in Séo Luis, MA (68.4 %), of
black or brown skin color (88.0 %), with less than nine years of
education (48.3 %), and income between two and four minimum
wages (59.2 %) (data not shown in table).

Most patients reported between 1 and 4 years of hemodialysis
treatment (59.8 %). Arterial hypertension (37.5 %) was the most
frequent underlying disease, followed by DM (19.0 %). About
50.2 % of patients had inflammation (hsCRP > 0.3 mg/dL). Mus-
cle mass was low in 41.3 % of patients, and muscle strength was
low in 51.9 % of these patients. The prevalence of sarcopenia was
29.2 %, considering the EWGSOP2 criteria (1). The prevalence of
sarcopenia among men was 41.9 %, and 10.6 % among women
(data not shown in table).

Compared to men without sarcopenia, it was observed that
the sarcopenia group was older (aged 59.7 + 17.1 years vs.
50.1 = 12.7 years, respectively; p = 0.005), had lower BMI
(22.0 = 3.6 kg/m?vs. 24.3 + 3.3 kg/m?, respectively; p < 0.001),
HGF (19.4 + 4.5 kg vs. 30.3 = 8.8 kg, respectively; p < 0.001),
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and lean mass (40.6 = 5.6 kg vs. 48.8 + 6.1 kg, respectively;
p < 0.001), and worse physical performance status as measured
by gait speed (0.8 = 0.2 m/s vs. 1.0 = 0.2 m/s, respectively;
p < 0.001). Among women, compared to the group without sar-
copenia, the group with sarcopenia had lower BMI (25.1 + 4.5
kg/m?vs. 20.4 + 2.8 kg/m?, respectively; p = 0.002), HGF
(17.2 = 5.8 kg vs. 11.3 + 3.3 kg, respectively; p < 0.001), lean
mass (37.6 = 5.8 kg vs. 30.1 + 2.6 kg, respectively; p = 0.003),
and worse physical performance (1.0 + 0.2 m/s vs. 0.6 = 0.1
m/s, respectively; p = 0.002) (Table I).
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With regard to clinical and laboratory characteristics, men with
sarcopenia vs. those without sarcopenia had lower levels of serum
creatinine (9.9 = 3.0 mg/dL vs. 12.3 = 4.0 mg/dL, respectively;
p = 0.006), and hemoglobin (10.5 = 1.6 mg/dL vs. 11.4 + 2.3
mg/dL, respectively; p = 0.002) and higher levels of hsCRP
(1.5 £ 2.7 mg/dL vs. 0.4 = 0.5 mg/d, respectively; p = 0.005).
Women did not show statistically significant differences in any of
the evaluated parameters (Table II).

Inflammation was observed in older men (57.7 = 15.3
vs. 50.9 + 14.9; p = 0.013) and individuals with lower

Table I. Demographic characteristics, body composition and functionality in chronic renal
patients undergoing hemodialysis, according to sarcopenia and sex (n = 209)

Men (n = 124) Women (n = 85)
. WlthOUt. With sarcopenia’ W'thOUt. With sarcopenia’
Variables sarcopenia’ sarcopenia’
Mean = SD p* Mean = SD p*
Mean = SD (95 % Cl) Mean = SD (95 % Cl)

(95 % Cl) ? (95 % CI) ?
Age (years) 501 £12.7 (47.1-53.1) | 59.7 £ 17.1 (54.9-64.5) | 0.005 | 48.3 +13.7 (45.1-51.4) | 53.3 +16.3 (40.7-65.8) | 0.312
BMI (kg/m?) 24.3+3.3(23.5-25.1) | 22.0+3.6(21.0-23.0) | <0.007| 251 +4.5(24.1-26.1) | 20.4+2.8(18.2-26.6) | 0.002
HGS (kg) 303+8.8(28.2-32.4) | 19.4+45(18.2-20.7) | <0.001| 17.2+58(15.9-186) | 11.3+3.3(8.7-13.8) | 0.001
Gait speed (m/s) 1.0+0.2(1.03-1.1) 0.8+0.2(0.8-0.9 < 0.001 1.0+ 0.2 (0.9-1.0) 0.6 +0.1(0.5-0.8) 0.002
Lean mass (kg) 48.8 £ 6.1 (47.4-50.3) | 40.6 +£5.6 (39.0-42.1) | <0.007| 37.6+5.8(36.3-39.0) | 30.1+2.6(28.1-32.2) | 0.003
Fat mass (%) 26.3 +8.3(24.3-28.2) | 27.2+85(24.8-29.6) | 0.648 | 33.4+8.3(27.0-39.9 | 37.5+7.1(35.9-39.2) |0.139

BMI: body mass index; HGS: hand grip strength. *Paired Student’s t-test or Wilcoxon's test, as appropriate. ' Sarcopenia diagnosed by revised European consensus on
definition and diagnosis.

Table Il. Laboratory and clinic characteristics in chronic renal patients undergoing

hemodialysis according to sarcopenia and sex (n = 209)

Men (n = 124) Women (n = 85)
Ve sa‘:‘\gct::)oel:ltia’ With sarcopenia’ sa‘:'\::::::itiaf With sarcopenia’
Mean + SD L CEESElD p* Mean = SD L EEmE D) p*
(95 % Cl) (95 % Cl) (95 % Cl) (95 % CI)

hsCRP (mg/dL) 0.4 +0.5(0.2-0.5) 1.5+27(0.7-2.2) 0.005 1.2+29(0.5-1.8) 14+2.0(0.1-3.0) 0.859
Creatinine (mg/dL) | 12.3+4.0(11.3-13.2) 9.9+3.0(9.0-10.7) 0.006| 10.1+49(8.9-11.2 95+22(7.7-11.2) | 0.710
25(0H)D (ng/mL) | 46.9 +14.0 (42.9-50.9) | 41.0 £ 11.5(37.3-44.8) | 0.103 | 34.8 +9.8(32.0-37.7) | 35.5+6.0(29.2-41.9) | 0.561
HB (mg/dL) 11.4+23(10.8-11.9) | 10.5+1.6(10.0-10.9) | 0.002| 10.8 +1.9(10.3-11.3) 106 +£1.7(9.3-12.0) | 0.825
DM (n (%)) 0.058 0.118

Yes 18 (46.1) 21 (53.9) 30 (83.3) 6(16.7)

No 54 (64.3) 30 (35.7) 46 (93.9) 36.1)
Lenght of HD (y) 0.081 0.372

<1 3(27.3) 8 (72.7) 8 (100.0) 0(0.0)

1105 45 (59.2) 31 (40.8) 51 (86.4) 8(13.6)

>5 24 (64.9) 13(35.1) 17 (94.4) 1(5.6)

hsCRP: high-sensitivity C-reactive protein; 25(0H)D: 25-hidroxi-vitamin D; HB: hemoglobin; DM: diabetes mellitus; HD: hemodialysis. *Paired Student’s t-test or

Wilcoxon's test, as appropriate. tSarcopenia diagnosed by revised European consensus on definition and diagnosis.
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HGF (23.8 + 8.2 kg vs. 27.2 + 9.5 kg; p = 0.031) and ASMI
(6.7 + 1.0 kg/m2vs. 7.1 + 0.9 kg/m?, p = 0.044) (Table Ill). Fur-
thermore, a higher prevalence of sarcopenia was observed among
men with inflammation compared to non-inflamed men (52.5 % vs.
32.3 %, respectively; p = 0.023) (Table IV). Women with inflammation
compared to those without inflammation had a higher BMI (26.0 + 4.8
kg/m?vs. 22.9 = 3.7 kg/m?, respectively; p = 0.006) and % body fat
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(38.5 8.0 % vs. 35.4 = 6.0 %, respectively; p = 0.014), and lower
lean mass values (34.9 = 6.0 kg vs. 38.5 + 5.6 kg, respectively;
p = 0.006), ASMI (5.8 + 0.1 kg/m? vs. 6.4 = 1.0 kg/m?, respectively;
p = 0.003) (Table Ill), and serum levels of vitamin D (31.3 = 6.8 vs.
39.3 = 10.4 pg/dL, respectively; p = 0.007) (Table IV).

The Poisson regression model showed that sarcopenia is asso-
ciated with increased hsCRP values (PR = 1.06; p = 0.005). In

Table lll. Demographic characteristics, body composition, and functionality in chronic renal
patients undergoing hemodialysis according to inflammation and sex (n = 209)

Men (n = 124) Women (n = 85)
Variables infl‘;vr::;:::onf With inflammation? infl\;vr::::onf with inflammation?
Mean = SD LS P Mean = SD L LEIIES S P
(95 % Cl) (95 % Cl) (95 % Cl) (95 % CI)
Age (years) 50.9 + 14.9 (47.2-54.6) | 57.7 +15.3 (53.7-61.7) | 0.013 | 47.7 + 16.2 (42.6-53.0) | 49.7 + 11.8 (46.2-53.3) | 0.506
BMI (kg/m?) 23.0+3.1(22.2-237) | 238+4.1(22.7-24.9) | 0433 | 229+ 3.7 (21.7-24.1) | 26.0 + 4.8 (24.6-27.5) | 0.006
HGS (kg) 27.2+9.5(24.8-29.6) | 23.8+8.2(21.6-26.0) | 0.031 | 17.0 +5.6 (15.1-18.8) | 16.3+6.1 (14.4-18.1) | 0.493
Gait speed (m/s) 1.0+£0.2(0.8-1.0) 0.9+0.2(0.8-1.0) 0.057 1.0+0.2(0.9-1.0) 0.9+0.2(0.8-1.0) 0.346
Lean mass (kg) 46.0 £ 7.2 (44.2-47.8) | 447 +7.1 (42.8-46.5) | 0.296 | 38.5+5.6(36.8-40.1) | 34.9+6.0(32.9-36.9) | 0.006
ASMI (kg) 71+09(6.8-7.3) 6.7 +1.0(6.4-7.0) 0.044| 6.4+1.0(6.1-6.9) 5.8 +0.8 (5.5-6.1) 0.003
Fat mass (%) 25.3+7.8(23.4-27.3) | 28.1+8.7(25.8-30.4) | 0.070 | 35.4 +6.0(33.4-37.3) | 38.5+8.0(36.1-40.9 | 0.074

BMI: body mass index; HGS: hand grip strength; ASMI: relative appendicular skeletal muscle mass index. *Paired Student’s t-test or Wilcoxon's test, as appropriate.
tInflammation diagnosed by high-sensitivity C-reactive protein > 0.3 mg/dL.

Table IV. Laboratory and clinic characteristics in chronic renal patients undergoing

hemodialysis according to inflammation and sex (n = 209)

Men (n = 124) Women (n = 85)
Ve e in fl‘;vr:rr‘r:;::oni With inflammation?® in fl‘;vr::?a::oni With inflammation®
Mean + SD Mean + SD p* Mean = SD Mean + SD p*
(95 % CI) (95 % CI) (95 % CI) (95 % ClI)

Creatinine (mg/dL) | 11.5+3.7(10.6-12.4) | 11.0+3.9(10.0-12.0) | 0.375 | 10.8 +6.1(8.8-12.7) 9.3+3.0(8.4-10.2) | 0.427
25(0H)D (ng/mL) | 46.9 = 13.2 (43.0-50.8) | 41.6 +12.8 (37.6-45.5) | 0.079 | 39.3 +10.4 (34.9-43.6) | 31.3+6.8(28.7-33.8) | 0.007
HB (mg/dL) 11.0+1.6(10.6-11.4) | 11.0+2.4(10.4-11.6) | 0.543 | 11.1+1.9(10.5-11.8) | 10.5+1.8(9.9-11.0) | 0.092
DM (n (%) 0.202 0.121

Yes 17 (43.6) 22 (56.4) 13 (36.1) 23(63.9)

No 47 (55.9) 37 ( 26 (53.1) 23(46.9)
Sarcopenia* 0.023 0.538

Yes 21 (32.3) 31 (62.5) 34 (87.2) 41 (91.3)

No 44 (67.7 28 (47.5 5(12.8) 48.7)
Lenght of HD () 0.215 0.452

<1 3(27.3) 8(72.7) 2 (25.0) 6 (75.0)

1105 42 (55.3) 34 (44.7) 28 (47.5) 31 (52.4)

>5 20 (54.1) 17 (45.9) 9(50.0) 9(50.0)

25(0H)D: 25-hidroxi-vitamin D; HB: hemoglobin DM: diabetes mellitus; HD: hemodialysis. *Paired Student’s t-test or Wilcoxon's test, as appropriate. #Sarcopenia
diagnosed by the revised European consensus on definition and diagnosis. tInflammation diagnosed by high-sensitivity C-reactive protein > 0.3 mg/dlL.
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Table V. Unadjusted analysis of
sarcopenia in chronic renal patients
undergoing hemodialysis (n = 209)

i Sarcopenia
Variables
OR 95 % CI p*
Age (years) 1.02 1.00-1.04 0.007
Sex (male vs female) 7.52 3.08-18.32 | < 0.001
Lenght of HD (years) 1.00 0.91-1.02 0.288
Diabetes (yes vs no) 1.61 0.94-2.75 0.079
BMI (kg/m?) 0.76 0.63-0.93 0.007
Fat mass (%) 1.07 1.03-1.12 | <0.001
Albumin (mg/dL) 1.00 0.99-1.01 0.460
hsCRP (mg/dL) 1.15 1.07-1.24 | <0.001
25(0H)D (ng/mL) 0.99 0.97-1.01 0.481

HD: hemodialysis; BMI: body mass index; hsCRP: high-sensitivity C-reactive
protein; 25(0H)D: 25-hidroxi-vitamin D; OR: oddis ratio. *Poisson regression.

Table VI. Adjusted analysis of sarcopenia
in chronic renal patients undergoing
hemodialysis (n = 209)

i Sarcopenia
Variables
OR 95 % Cl | p-value*
Age (years) 1.02 1.00-1.03 < 0.001
Sex (Male vs Female) 5.75 3.20-20.34 | <0.001
Diabetes (Yes vs No) 1.87 1.27-2.74 < 0.001
BMI (kg/m?) 0.74 0.65-0.84 < 0.001
Fat mass (%) 1.07 1.04-1.09 < 0.001
hsCRP (mg/dL) 1.06 1.01-1.10 0.005

BMI: body mass index; hsCRP: high-sensitivity C-reactive protein; OR: oddis
ratio. *Poisson regression.

the unadjusted analysis, sarcopenia was associated with males
(PR =7.52; p < 0.001), age (PR = 1.02; p = 0.007), BMI
(PR=0.76; p = 0.007), presence of DM (PR =1.61; p = 0.079),
vitamin D (PR = 0.99; p = 0.481), and % body fat (PR = 1.07;
p < 0.001) (Table V).

After the adjusted analysis, the following factors continued to
be associated with sarcopenia: males (PR =5.7; p < 0.001), pre-
sence of DM (PR = 1.87; p < 0.001), increased age (PR = 1.02;
p < 0.001), BMI (PR = 0.74; p < 0.001), hsCRP (PR = 1.06;
p = 0.005), and % body fat (PR = 1.07; p < 0.001).

DISCUSSION

In this study, the prevalence of sarcopenia was 29.2 %, consi-
dering the EWGSOP2 criteria. The prevalence of inflammation was
50.2 % considering hsCRP > 0.3 mg/dL, confirming the high pre-
valence of these conditions in chronic renal patients undergoing

E. V. F. Hortegal et al.

hemodialysis. Sarcopenia was associated with inflammation,
presence of DM, male gender, older age, and higher BMI and %
body fat values.

Inflammation in HD patients is caused by multiple factors, inclu-
ding those related to uremia, comorbidities, and the dialysis pro-
cedure itself (17). CKD is characterized by high circulating levels
of inflammatory markers such as CRP, interleukin-6 (IL-6), and
tumor necrosis factor-alpha (TNF-a). Additionally, inflammation
is an important cause of muscle mass loss in this population
(19) as it causes severe tissue proteolysis. Higher serum CRP
concentrations are associated with physical disability, mortality,
and reduction in muscle strength, and are correlated with lower
muscle mass in older individuals (20,21).

In a meta-analysis involving 16 studies with 3,072 people with
sarcopenia and 8,177 controls, individuals diagnosed with sarco-
penia were significantly more likely to have higher levels of CRP
(20). This process may be more severe among vulnerable popu-
lations, such as those with CKD at the final stage of the disease,
because this condition is associated with decreased protein syn-
thesis and increased protein degradation, leading to sarcopenia
regardless of age (22).

Deger et al. evaluated 129 adults receiving HD in the United
States and found a similar result to the present study; that is, there
is an association between inflammation and sarcopenia, conclu-
ding that inflammation is a strong and independent determinant
of protein homeostasis in skeletal muscle in HD patients (23).

This study found that 50.2 % of patients had inflammation
according to hsCRP levels. Stenvinkel et al. (2016) analyzed a
cohort of 5,904 HD patients from 15 European countries and
confirmed a high prevalence of inflammation in HD patients (54 %)
classified as increased CRP and/or decreased albumin. They also
found that inflamed men were older, showed lower strength, lower
skeletal muscle mass, and a higher percentage of sarcopenia
compared to non-inflamed men (24).

Age-induced inflammation is a low-grade and continuous type
of inflammation with increased CRP levels and reduced levels of
anti-inflammatory cytokines, described as immunosenescence. It
occurs in older adult individuals and is associated with diseases,
sarcopenia, and even mortality (25).

Inflamed women had higher BMI and % fat and a lower amount
of vitamin D, lean mass, and skeletal muscle mass when com-
pared to non-inflamed women. The fact that adipose tissue has
several functions besides storing energy may explain the rela-
tionship between percentage of fat and inflammation among
women, as adipose tissue is responsible for the synthesis of IL-6,
which stimulates CRP production. Thus, it is expected that its
concentration will be higher in individuals with excessive body fat,
which was confirmed by the findings of this study.

Moreover, the presence of obesity and lower lean mass, which
are characteristic of sarcopenic obesity, may be a feedback sys-
tem for these two pathological conditions. Obesity involves a
pro-inflammatory state, detected by the presence of cytokines that
directly interfere with muscle integrity; in addition, excess adipose
tissue and fat infiltration in skeletal muscle mass interferes with
muscle function (26).
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The inflammatory status of renal patients is also associated with
anemia caused by resistance to the medullary action of erythro-
poietin (EPQ), which corroborates the findings of the present study.
A mechanism underlying this association may be the action of
inflammatory cytokines on erythropoietin progenitor cells, oppo-
sing EPO and then stimulating apoptosis (27).

The prevalence of sarcopenia in this study was 29.2 %, conside-
ring the EWGSOP2 criteria. Isoyama et al. (2014) used DEXA and
the diagnostic criteria recommended by the EWGSOP in 2010 in a
cohort of 330 Swedish dialysis patients with a mean age of 53 + 13
years, and found a lower prevalence of sarcopenia (20 %) (28).
Depending on the criteria used, Rosa (2017) found a variation of
13 % and 36 % in the prevalence of sarcopenia in 67 patients with
a mean age of 54.6 + 14.6 years, and showed that all the criteria
studied showed moderate-to-high agreement among them (29).

Authors report that the cutoff points for defining muscle mass,
the diagnostic methods used, the population studied (dialysis or
pre-dialysis), and age may explain the differences found between
the prevalence values of this syndrome among several studies
(28,30-32). Seeking standardization, the EWGSOP published an
update of the 2010 consensus in 2019 considering the scientific
and clinical evidence over the previous decade, updating the defi-
nition and cutoff points of sarcopenia for the general population.
However, this consensus did not define cutoff points specific to
the population with CKD (1).

It was observed that diabetic individuals were at a higher risk of
developing sarcopenia, which corroborates the findings of Mori et
al. (33), who evaluated 308 HD Japanese patients and used the
criteria of the Asian Working Group for Sarcopenia for diagnosing
sarcopenia. The mechanisms of how DM influences sarcopenia
are not fully clarified, but a possible explanation may be related
to the hormone insulin.

Protein degradation can be influenced by several factors, inclu-
ding a reduction in anabolic hormones such as insulin and an
exaggerated production of reactive oxygen species (ROS) (34,35).
Insulin seems to play a key role in the regulation of gene trans-
cription of key proteins involved in the process of muscle protein
degradation, particularly by suppressing genes related to skeletal
muscle atrophy known as “atrogenes” (36).

Furthermore, it has been suggested that insulin resistance
may be a response to protect the cell from damage caused by
increased ROS activity, limiting the entry of nutrients into the cell.
Thus, once insulin resistance is established in skeletal muscle,
a vicious cycle of increased blood glucose levels can occur. This
results in more oxidative stress and an ineffective increase in
the concentration of circulating insulin, propagating the effects of
catabolism in the muscle (37,38).

In this study, individuals with lower BMI were more likely to
develop sarcopenia. Physical performance, muscle strength, and
muscle mass are considered components of sarcopenia (1); thus,
it is expected that these will be reduced among sick individuals.
These findings are important in highlighting the role of muscle
in the overall health of this population, since the reduction in
lean mass has been associated with the risk of death, especially
among individuals with BMI below 25 kg/m?2. Such a condition
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suggests that body composition, especially when related to lean
tissue, is more important than isolated BMI.

The evaluation of body composition showed that patients with
increased % body fat had an increased risk of sarcopenia. This
finding can be explained by the fact that obesity is characterized
by increased production of fatty acids that can be stored in skele-
tal muscle, accumulating as intermuscular adipose tissue and
intramyocellular lipids, and impairing biogenesis and mitochon-
drial function. Thus, dysfunctional mitochondria lead to greater
production of ROS, resulting in apoptosis/autophagy of muscle
cells, which is one of the potential mechanisms of obesity asso-
ciated with sarcopenia (39).

Studies evaluating sarcopenia and inflammation in chronic renal
patients undergoing HD are still scarce, and the understanding of
confounding factors is still limited. In this sense, the present study
presents positive aspects that should be highlighted, such as the
use of DEXA as a reference method for estimating muscle mass,
the use of a consensus for the definition of sarcopenia, and the
levels of hsCRP for evaluating inflammation.

There are some limitations in this study. There is a bias inherent
to the cross-sectional design; that is, reverse causality since expo-
sure and outcome were evaluated simultaneously. Data regarding
nutritional parameters (dietary intake) and physical exercise are
lacking, which may have led to confusion regarding the decrease
in muscle mass and diagnosis of sarcopenia in relation to inflam-
mation; although the presence of diabetes has been assessed, no
information is provided on the presence of comorbidities that also
affect the inflammatory situation; sarcopenic obesity is invoked
as a mechanism involved in the development of inflammation,
but most of the patients have a BMI that does not correspond to
obesity; and the small number of women with sarcopenia affects
statistical significance and limits the extrapolation of the results.

In conclusion, in this study, the prevalence of sarcopenia as well
as inflammation can be considered high. The presence of inflam-
mation, DM, male gender, be older and a higher % body fat were
risk factors for sarcopenia. BMI proved to be protective for sarcope-
nia, although it has been reported that the evaluation of body com-
position is more important than isolated BMI. Moreover, sarcopenic
women seem to have a worse nutritional status when compared
to those without sarcopenia. Men with sarcopenia are older, have
increased inflammation, and worse nutritional status when com-
pared to men without sarcopenia. Further studies are needed to
investigate the relationship between sarcopenia and inflammation,
seeking to better assess its impacts on HD patients in order to
improve their nutritional status, and consequently to reduce the
prevalence of sarcopenia and inflammation in this population.

Thus, further longitudinal studies are needed to evaluate and
monitor patients undergoing hemodialysis treatment for inflam-
mation and sarcopenia.
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Abstract

Chronic diseases and aging are placing an ever increasing burden on healthcare services worldwide. Nutritional counselling is a priority for primary
care because it has shown substantial cost savings. This review aims to evaluate the evidence of the cost-effectiveness of nutritional care in primary
care provided by health professionals. A literature search was conducted using PubMed/MEDLINE between January 2000 and February 2019. The
review included thirty-six randomized controlled trials (RCTs) and systematic reviews conducted in healthy people and people with obesity, type-2
diabetes mellitus, cardiovascular risk or malnutrition. Al the RCTs and reviews showed that nutritional intervention led by dietitians-nutritionists
in people with obesity or cardiovascular risk factors was cost-effective. Dietary interventions led by nurses were cost-effective in people who
needed to lose weight but not in people at high cardiovascular risk. Some dietary changes led by a primary care team in people with diabetes
were cost-effective. Incorporating dietitians-nutritionists into primary care settings, or increasing their presence, would give people access to the
healthcare professionals who are best qualified to carry out nutritional treatment, and may be the most cost-effective intervention in terms of health
expenditure. Notwithstanding the limitations described, this review suggests that incorporating dietitians-nutritionists into primary health care as
part of the multidisciplinary team could be regarded as an investment in health. Even so, more research is required to confirm the conclusions.

Resumen

Las enfermedades cronicas y el envejecimiento suponen una carga cada vez mayor para los servicios de salud en todo el mundo. El asesora-
miento nutricional es una prioridad para la atencion primaria porque ha demostrado ahorros sustanciales de costes. Esta revision tiene como
objetivo evaluar la evidencia de la relacion coste-efectividad de la atencion nutricional en la atencién primaria proporcionada por profesionales
de la salud. se realizd una basqueda bibliografica utilizando PubMed/MEDLINE entre enero de 2000 y febrero de 2019. La revision incluyd 36
ensayos controlados aleatorios (ECA) y revisiones sistematicas realizadas en personas sanas y personas con obesidad, diabetes mellitus de tipo
2, riesgo cardiovascular o desnutricion. Todos los ECA y las revisiones mostraron que la intervencion nutricional dirigida por dietistas-nutricionistas
en personas con obesidad o factores de riesgo cardiovascular fue coste-efectiva. Las intervenciones dietéticas dirigidas por enfermeras fueron
coste-efectivas en personas que necesitaban perder peso pero no en personas con alto riesgo cardiovascular. Algunos de los cambios en la dieta
dirigidos por un equipo de atencién primaria en personas con diabetes también fueron coste-efectivos. La incorporacion de dietistas-nutricionistas
en entornos de atencion primaria, 0 aumentar su presencia, daria a las personas acceso a los profesionales de la salud mejor calificados para
llevar a cabo el tratamiento nutricional, y resultaria mas rentable en términos de gasto en salud. A pesar de las limitaciones descritas, esta revision
sugiere que incorporar dietistas-nutricionistas en atencion primaria como parte del equipo multidisciplinario podria considerarse una inversion
en salud. Aun asi, se requiere mas investigacion para confirmar las conclusiones.
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INTRODUCTION

Strong primary health care is the foundation a well-performing
health system requires if it is to produce better health outcomes
and greater social value (1). An increasing prevalence of chronic
and non-communicable diseases (e.g., obesity, cardiovascular
disorders, cancer, etc.), together with the increase in aging, are
placing an ever increasing burden on healthcare services world-
wide. Rethinking the primary care model to include multidisci-
plinary teams is vital if quality and efficiency are to improve (2).

In a multidisciplinary context, nutritional care is a priority in
primary health care. However, despite the evidence that dietary
counselling not only prevents chronic diseases but also improves
their management and the quality of life of an ageing population,
there are fewer dietary health professionals in primary care than
other professionals. In countries such as Argentina, Australia, Can-
ada, The Netherlands, New Zealand, United Kingdom (UK) and
the United States of America (USA) dietitians-nutritionists have
already been incorporated into the health system, where they are
the leading agents in charge of dietetic and nutritional care to pro-
mote health and to prevent and treat diseases (3). However, only
3 % to 16 % of dietitians-nutritionists in Australia (4), Canada (5),
New Zealand (6), UK (7), and the USA (8) are registered to work
in primary care, while in The Netherlands this percentage is 55 %
(9). There are some obstacles to dietitians-nutritionists providing
nutritional care in primary health care. For example, traditionally,
general practitioners and nurses have provided nutritional care
despite their not being experts in nutritional counselling and not
having enough time to do it (10,11), and in some countries there
is a limited access to these treatments (9).

Several studies have shown that incorporating dietitians-nutri-
tionists into primary care results in substantial savings in med-
ication, medical visits, and hospital admissions. For example, in
New Zealand, for every dollar invested in dietary treatment there
is a saving of $ 6.40 in medication and hospital care (12). In
people with hypercholesterolaemia, each dollar spent on dietary
counselling saves $ 5 in statin therapy and other interventions
(13). The Dutch Dietitian Association has demonstrated that for
each euro invested in dietary treatment savings of up to € 4 on
other healthcare costs are obtained (14). In Spain, the College of
Dietitians-Nutritionist of Catalonia (CODINUCAT) and the Spanish
Association of Dietitians-Nutritionists (AEDN) have made great
efforts to raise the figure of dietitians-nutritionists incorporated
into primary care in Catalonia. In 2008 and 2009 they proposed
including dietitians-nutritionist in the Catalan and the Spanish
Health Systems (15,16). However, currently, dietitians-nutritionists
are not included in the services of the Catalan and the Spanish pri-
mary care systems. There are only isolated experiences in primary
care centres managed by private companies that offer dietetic and
nutrition services through self-management systems or through
complementary health services that are not funded by the public
purse. In Spain, the PREDIMED (Prevention with the Mediterranean
Diet) study, which has become a worldwide reference, has shown
that a dietary intervention with the Mediterranean diet carried out
by a dietitian-nutritionist in primary care can reduce the risk of
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cardiovascular disease and associated mortality by 30 % (17).
However, this study did not assess cost-effectiveness.

Therefore, primary care should consist of multidisciplinary
teams that include dietitians-nutritionists (2). The aim of this
review was to evaluate the cost-effectiveness of the nutritional
care provided by dietitians-nutritionists or other health profession-
als in Primary Health Care to prove the importance of nutritional
treatment and the incorporation of dietitians-nutritionists in the
primary care system in Spain.

MATERIALS AND METHODS

The main purpose of this paper was to systematically review the
studies that have analyzed the cost-economic benefits of dietary
treatment in Primary Health Care. A literature search was carried
out in PubMed/MEDLINE for all systematic reviews and randomized
controlled trials (RCTs) published between January 2000 and Feb-
ruary 2019. The strategy was to search for all articles on the eco-
nomic benefits of dietary/nutritional treatment in primary care. We
conducted the search with the following key words: Diet Therapy or
Nutritionists or Dietor Dietician or Diet Therapy or Dietary Treatment
or Dietary Intervention or Diet Advice or Diet Intervention or Dietary
Counseling or Nutritional Counseling or Nutritional Intervention or
Dietetic or Dietitian or Nutritional Treatment or Dietary Treatment or
Lifestyle Intervention, and Primary Health Care or General Practice
or Primary Care or Primary Health Care or General Practice; and
Cost-Benefit Analysis or Economic Savings or Cost Savings or Cost
Effectiveness or Cost Benefit. The search was limited to English-lan-
guage papers and conducted by two independent investigators.
All titles and abstracts were analyzed in order to determine which
studies matched the established criteria. Finally, a manual search
for cited references and other documents of interest was performed.

RESULTS

Aflow chart of the literature selection process is shown in fig-
ure 1. A total of 36 RCTs and/or systematic reviews were included.

STUDIES ON WEIGHT EXCESS AND COST
BENEFIT OF DIETETIC/NUTRITIONAL
TREATMENT

The studies reporting on the cost-benefit analysis of dietet-
ic treatment in overweight patients are shown in table I. Three
of them are reviews or systematic reviews (18-20), one is
a cost-benefit analysis (14), and eight are RCTs (21-29). The
reviews included studies conducted by several health profession-
als; the cost-benefit analysis assessed the benefits of having a
dietitian-nutritionist treating subjects with overweight/obesity and
associated comorbidities; and, among the eight RCTs, only one
was led by dietitians-nutritionists (29) and the others by several
health professionals (18), weight-loss coaches (23), phycologists
(25), nurses (26), or a non-specified primary care team (24).

[Nutr Hosp 2020;37(4):863-874]
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Figure 1.

Flowchart of the literature selection process.

Table I. Economic studies of nutritional treatment in weight excess

Professionals
Type of | responsible for | Sample size .
Y study | the intervention | Follow-up time Description Results
program
1.0.056 QALY gain. Cost reduction: £ 27.

Loveman et al, Systematic . Cost-effectiveness ratio (ICER): - £ 473/QALY

. 12 randomized ) .
2011 review of Several health controlled trials, only 1. CLS vs. no treatment gained (costs reductior).
United States randomized orofessionals 2 vith econorﬁic 5 CLS 15, UC 2.0.24 QALY gained. Extra costs: US $ 3,080.
of America and controlled data ' ' Cost- effectiveness ratio (ICER): US $ 60,390
United Kingdom trials (£ 36,000)/LYG and US $ 12,640

(£ 7,600)/QALY gained
Benefits € 0.4-1.9 billion in 5 years.
Lammers et al, Cost-benefit For every € 1 invested, society receives
2012 analysis Dietitian-nutritionist Dietary nutritional treatment € 14-63: € 56 in health improvement (QALY),
The Netherlands € 3 in savings (medication, hospital admissions)
and € 4 in labor productivity
Costs per kg lost per year:
;ﬂi‘:aitaalu ri?; d3 Randomized Tl UC: USD 138 A, 151 UK and 133 6.
King domyan d controlled Commercial program 12 months follow-up UC vs. Weight Watchers Weight Watchers; USD 122 A, 90 UK and 180 G.
Germany trial ICER WW vs. UC: USD 18 266 A, 12 100 UK
and 40 933 G
a) Hospital multidisciplinary
team with dietitian-nutritionist .
Hollinghurst et al, | Randomized Children with obesity | (control group, 2 branches) Cost per chid: @ £ 263 and £ 209,
i o b) £301,¢)£1,749

2013 controlled Not specified (N'=143). vs. b) Nurses in primary care o

) o Reduction in BMI: ) 0.15 and 0.14,
England rial 12 months follow-up replicating control

vs. ¢) Intensive program
behavior modification

b) 0.17, ¢) 0.40
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Table | (Cont.). Economic studies of nutritional treatment in weight excess

Professionals
Type of | responsible for | Sample size .
] study | the intervention | Follow-up time Description Results
program
UC. W - 130).’ short UC (quarterly visits in PC) vs. .
dietetic advice in short dietetic advice in CLS Costs + $ 292 per lost kg per year in the
Tsai etal, 2013 | Randomized CLS (N =131), (+ monthly dietetic advice) vs improved dietetic advice group vs. UC.
United States controlled Weight loss coach improved short | / B QALY gained with no significant differences,
i ) . o improved short dietetic advice in ) ,
of America trial dietetic advice in L ) S0 that the program could be profitable in the
CLS (+ monthly dietetic advice
CLS (N =129). . long term
+ drugs/meal substitutes)
2 years follow-up
1. Cost- effectiveness: ICER < 2000 CHF
26 studies, only (Swiss francs) or £ 1,000/QALY. 92-98 %
Robertson et al, Systematic Several health 5 with economic 1. CLS vs. UC probability being cost-effective at a WTP
2014 yreview ofessionals data; only 3 2. Dietitian /Doctor vs. UC of 1,000 CHF/QALY gained.
United Kingdom P with nutritional 3.CLS vs. UC 2.+ 0.0002 LYG/+ 0.1210 LYG.
intervention No data QALY/WTP.
3. No data QALY/WTP
Tsaietal, 2015 | Randomized o ) 6 months ntensive trga tm.e”t No change in costs of medication between
) Not specified. Primary N=79 in CLS, lately randomization
United States controlled ) ) groups.
i ) care team 18 months follow-up to standard or intensive )
of America rial ) No other economic data
maintenance
Weight loss program costs £ 195 vs. £ 176
N = 330. Weight nurses’ intervention, per person.
McRobbie et !, Randomized loss program We|ght loss program (1 week + 0.0j04 QALY |nl weight loss program.
) (N =220) vs. session/8 weeks) vs. nurses No differences with UC (nurses’ usual
2016 controlled Psychologists . ) , ) S . )
United Kinadom wial nurses intervention | intervention (4 sessions in 8 intervention £ 80).
g (N=110). weeks with CLS) ICER £7,742/QALY; probability 68-77 % of
12 months follow-up weight loss program of being the most cost-
effective intervention
(NC_()r;t;(zal)g\r;sg . Dietetic intervention + nurse
) - ’ follow-up (control group); web | Costs + £ 18/kg (web + nurses) and - £ 25/kg
. Randomized follow-up by nurses o .
Little et al, 2016 dietetic intervention + nurses (web + remote).
controlled Nurses (N'=269) or web + . " ) N
England ) follow-up, or web dietetic 88-98 % probability of being cost-effective with
trial remote follow-up by | . :
intervention + remote nurse a threshold of £ 100/kg lost
nurses (N = 270). follow-u
12 months follow-up d
1.2) Cost USD 42.18 (UC) vs. USD 50.45 (email)
1.4)UC us, eml Cost/kg lost USD 71 '50. (UC) vs. USD 72.08
(email)
Flodgren et Review of 12 randomized b) UC vs. telephone 1.b) Cost USD 42.18 (UC) vs. USD 39
2017 randomized Several health controlled trials intervention (tlephone)
United States . L ' Cost/kg lost USD 71. 50 (UC) vs. USD 132.70
. controlled professionals only 2 with
of America and trials economic data | 2.a) UC vs. dietitian-nutritionist (elephone)
Australia ' S e 2.a) Cost USD 23.12 (UC) vs. USD 64.21
b) UC vs. dietitian-nutritionist o
+ doclor (dietitian)
2.h) Cost USD 23.12 (UC) vs. USD 88.61
(dietitian + doctor)

(Continuation in the next page)
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Table | (Cont.). Economic studies of nutritional treatment in weight excess

Professionals
Type of | responsible for | Sample size .
] study | the intervention | Follow-up time Description Results
program
Children of
) " 6 yealrs with No differences in BMI z-scores at 12 months.
Robertson etal, | Randomized | Facilitators/coaches; overweight/ T . : o ,
) . UC vs. program ‘Families for Higher costs in the ‘Families for Health
2017 controlled several health obesity. 15 families ,
United Kingdom trial rofessionals (N =128 children) Health program (£ 998 vs. £ 548).
g P = ' ICER of £ 552.175 per QALY gained
12 months follow-
up
Intervention women
) N = 54, control )
Hagberg et al, Randomized women N = 56 Dietetic intervention s Cost USD 1,704-7,889/QALY gained.
2019 controlled | Dietitian-nutritionist Posioa rtumTNei 'ht brochure ' Probability of being cost-effective of 77-100 %
Sweden fia P . g with a TP USD 50,000 per QALY
2 years follow-up

BMI: body mass index; ICER: incremental cost-effectiveness ratio; LYG: life years gained; QALY: quality-adjusted life years; UC: usual care; WTP: willingness to pay.

Two of the reviews (19,20), the cost-benefit analysis (14), and
6 of the RCTs (21-23,25,26,29) showed positive results favoring
the nutritional specific treatment.

STUDIES ON DIABETES AND THE COST-
BENEFIT OF DIETETIC/NUTRITIONAL
TREATMENT

One review led by several health professionals (30,31) and
eight studies (32-39) led by several health professionals (30,31),
nurses and physiotherapists (35), primary care teams (36), trained
educators (38) or coaches (39) have evaluated the cost-effective-
ness of dietary advice for the prevention and treatment of diabe-
tes in adults or of gestational diabetes in primary care (Table ).
None of them was conducted by dietitians-nutritionists. Only one
showed negative results for the nutritional specific treatment (35).

STUDIES ON PEOPLE AT CARDIOVASCULAR
RISK AND THE COST-BENEFIT OF DIETETIC/
NUTRITIONAL TREATMENT

The economic studies of nutritional treatment in people at high
cardiovascular risk in primary care are described at table lll. Three
of them are reviews (40-42) and seven are RCTs or simulation
models (43-49). Five of them were carried out by dietitians-nutri-
tionists (40,42,44,47,48), and only one of them (47) showed neg-
ative results. Only one of the studies led by nurses (45) showed
negative results.

[Nutr Hosp 2020;37(4):863-874]

STUDIES ON HEALTHY SUBJECTS AND THE
COST-BENEFIT OF DIETETIC/NUTRITIONAL
TREATMENT

Three studies evaluated the cost-benefit of nutritional treat-
ment on healthy people (Table IV). None of the studies were
led by dietitians-nutritionists (50-52). The results were incon-
clusive.

MALNUTRITION IN PRIMARY CARE
Only one study looked at the cost-benefit analysis of nutritional

treatment in patients with malnutrition (53), showing no specific
benefits of the intervention.

DISCUSSION

This review suggests that nutritional counselling and dietary
treatment in primary care may be cost-effective. Data regarding
the incremental cost-effectiveness ratio (ICER), quality-adjusted
life years (QALY) or willingness to pay (WTP) showed that the
investment is mainly cost-effective. Even so, more research is
needed if clear conclusions are to be drawn.

Few studies have conducted a rigorous cost-benefit economic
analysis of the dietetic treatment associated with weight excess.
In 2017, the systematic review by Flodgren and coworkers (18)
concluded that few studies had assessed the economic man-
agement of this treatment, and very little was known about the
cost-effectiveness of the interventions evaluated.
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Table Il. Economic studies of nutritional treatment in diabetes

Professionals
responsible

Sample size

diabetes risk

Study Type of for the Follow-up Description Results
study . . .
intervention time
program
Eddy et al, . , ) )
2005 Simulation Diabetes Prevention Program Comparled Wlth. no intervention, red.ulcltlon of
. , the risk of diabetes and comorbidities.
Hermann et al, model vs placebo intervention. )
$1,100/QALY gained
2005
Bertram et al, Simulation ﬁngzzt?ofnt:'egl rg:)uacst Z;S Most cost-effective option is diet + exercise:
2010 S J . cost-effectiveness ratio: AUD 22,500/DALY;
, model 3 CLS (diet, exercise, diet + ,
Australia ) followed by metformin
EXercise)
N = 399 pregnant
i |
Kolu et al, 2013 Randomized Nurses + vvomg n, at least ) . To avoid gaining 1 g of body weight on birth,
) controlled ) . 1 risk factor UC vs. intervention "
Finland . physiotherapists ) additional cost of € 7
trial of gestational
diabetes
Sagarra et al N =2,054
" | Prospective ) subjects without UC vs. group CLS vs. . ) )
201.4 cohort study Primary care team diabetes. individual CLS Cost-utility ratio € 3,243/QALY gained
Spain
4 years
Of the 28 studies,
Pronk etal, Systematic |  Several health in(;glr}r/n;ohnagn
2015 4 i , Several Mean ICER: $ 13,761/QALY gained.
) review professionals costs and only 21
Lietal, 2015 )
studies gave the
ICER
Neumann et al ICER of € 3,833- 9,215/QALY gained.
2017 " | Simulation CLS in diabetes vs. UG Probability of 85-91 % of being cost-
model ' effective with a WTP threshold of € 50,000/
Sweden
QALY
+ 0.046 QALY; + £ 168 /3 years
. N =880 . .
Leal et al. 2017 Randomized rediabetes intervention group.
England ' controlled | Trained educators psub'ects UC vs. Let’s Prevent ICER: £ 3,643/QALY, 86 % probability of
g trial 3 Jears. being cost-effective with a WTP threshold of
g £ 20,000/QALY
Broekhuizen et | Randomized N jvj;inprs??]am UC vs. healthy diet vs. | With WTP € 600/kg- € 750/kg, 90-95 %
al, 2018 controlled Coaches ) g physical activity vs healthy | probability of healthy diet + physical activity
) gestational : , - :
Europe trial diet + physical activity more effective than UC

CLS: change in lifestyle; DALY: disability-adjusted life years; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life years; UC: usual care; WTP:

willingness to pay.
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Table lll. Economic studies of nutritional treatment in people with high cardiovascular risk

Type of

Professionals
responsible

Sample size

Study for the Follow-up Description Results
study . i .
intervention time
program
Olsen et al, Randomized . o ) 00919 116G (phyIS|cI|e.in) 1500274 LG
2005 controlled | Dietitian-nutritionist N =503 subjects. | Dietetic counsel, primary (dietitian).
Denmark il 1 year. care physician vs. dietitian | ICER 8,213 DKK/LYG (physician) vs. 59,987
DKK/LYG (dietitian)
Mediterranean diet AU $ 1,020/QALY
gained.
Low fat diet AU $ 10,000/QALY gained.
Intensive program CLS AU $ 1,880/QALY
gained.
. Nutritional counsel PC AU $ 10,600/QALY
Dalziel et al, qained
\2/;):?018 Review Various 8 nutritional interventions Nurses in PC AU $ 12,600/QALY gained.
2 fruits and 5 vegetables/AU $ 46/QALY
gained.
Nutritional int. at mean AU $ 5,600/QALY
gained.
CLS in workplace AU $ 19,800/QALY
gained.
N =151 . .
and v?omn;in Savings: $ 47/subject.
Erisksson et al, | Randomized D|et|t|an-nu.tr|t|on|st (18-65 years old). UC vs. UG + CLS $ 1,668-4,813/QALY gained (no savings
2010 controlled + physical ) : ) discount).
. ) Moderate-high intervention o , .
Sweden trial therapist CVR 89 %-100 % probability of being effective
) with a WTP $ 50,000.
3 years
ith et al . .
28‘1' ) ot Simuation 0.01 QALY gained. $ 3,420/ QALY gained.
) - Diabetes Prevention Program | 78 % of the models with a lower cost than $
United States model .
, 20,000/QALY gained
of America
Mistry et al, Randomized N = 2024 with no Intervention costs: £ 362—419.
2012 controlled Nurses CVD. ue ﬁﬁifﬁ&m 0.076-0.085 QALY gained.
Europe trial 1 year ICER £ 5,539-4,266/QALY gained
Sahaetal, | Randomized \ Dietiian-nutrtionist| 4,5 UC vs. intensive CLS | -0.43 QALY (UC) vs. 0.03 QALY (CLS); total
2013 controlied + physical 3years rogram 0.46 QALY gained
Sweden trial therapist Y prog ' g
N = 622 men and
Van Wier et al, , vomen (30_5.’0 , Small, statistically non-significant
Randomized years old) at risk | 6 face-to-face counselling ) o .
2013 : i differences in risk scores and QALY gained
controlled Nurses of type 2 diabetes | sessions + three-monthly ) )
The . ) ) were found between the intervention and
trial mellitus and/or sessions by phone vs. UC
Netherlands UC group
CVD.
2 years
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Table Ill (Cont.). Economic studies of nutritional treatment in people with high
cardiovascular risk
Professionals
responsible Sample size
Type of o
Study for the Follow-up Description Results
study . i .
intervention time
program

21 studies (8
Howatson et al RCTs, 6 non-
2015 Systemahc Distitian-nutritionist RCTs, 3 rgwews), CLS 5. UG Savmg of NZ $ 5.'50—99'f0r eacthZ $1

review economic data invested in dietetic intervention
New Zealand , )
only in 3 studies

and 1 review)
Linetal, 2017\ oo ation _ Varlous nutitional e etion cost § 262: 0,019 QALY
United States - - interventions in subjects with ) .

i model ) ) gained/person. $ 13,900/QALY gained
of America cardiovascular risk factors
Sikand et al, 34 studies, only Nutritional dietary rej(;u(c):'tioi_?).:: 603A8L: Vggztri?tiignﬂi d
2018 Review | Dietitian-nutritionist |  with economic intervention eéar perp
Various data in patients with dyslipidemia , y o
in medication

AU: Australian; CLS: change in lifestyle; CVD: cardiovascular disease; DKK: Danish currency; ICER: incremental cost-effectiveness ratio; LYG: life years gained; PC:

primary care; QALY: quality-adjusted life years; RCT: randomized controlled trial, UC: usual care; WTP: willingness to pay.

Table IV. Economic studies of nutritional treatment in healthy people

Professionals
responsible .
Study Type of for the SO S|.ze Description Results
study . i Follow-up time
intervention
program
The dietitian- N=154 Laxatives vs dietetic counsel
Speed et al, Randomized | nutritionist provides subjects > 55 and CLS?® standard non Savings of £ 13.34 in the personalized
2010 controlled the physicians years with chronic personalised vs dietetic group compared with control group and
United Kingdom trial involved in the constipation. counselling and CLS? less cost savings in the standard group
study with training Months personalised.
N =2,440
SngeCtS 2 18 y(?ars ue vs. heallthy intervention The improvement of 1 unit in the score
with no diagnosis of self-guided by the o )
Emmons et a, Randomized dementia, blindness atient (HD2) vs. health of multiple risk behaviors was
2014 o ' ! p . i y of $ 319 for HD2, and of $ 440
. controlled Not specified neurodegenerative intervention + 2 coach o
United States . . L for HD2 + CC. The multiple risk
i trial disease or psychiatric | phone calls (HD2 + CC), on . ) .
of America ) , o behavior score improved in both
disease in the last 5 |  the score of multiple risk
) groups as compared to UC
years, and no cancer behaviors
treatment 18 months
Guillford et al, N = 262,704 healthy QALY per 1,000 participants: -0.32;
Cohort adults, no chronic ) . , )
2014 stud - disease. reaistered in Healthy diet probability of being cost-effective
United Kingdom y ! g (£ 30,000 / QALY) is only 47.9 %
Primary Care

CLS: change in lifestyle; UC: usual care; QALY: quality-adjusted life-years.
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Similarly, another systematic review published by Loveman et
al. (20) revealed the poor quality of cost-effectiveness analyses
of weight management programs. According to Loveman et al.,
for every QALY gained with nutritional interventions, £ 473 were
saved in one of the studies, or an extra £ 7,200 were spent on
the program including a nutritional intervention as compared
with routine care (20). Robertson et al. (19) concluded that the
evidence available on the economics of obesity management in
men is limited and heterogeneous. They found only three stud-
ies on dietary intervention that suggested that intervening in
lifestyle changes can be highly cost-effective in overweight and
obese men. Several RCTs have conducted economic assess-
ments of nutritional treatment in adults with obesity in primary
care settings. Hagberg et al. (29) compared the cost and the
effectiveness of a post-partum dietetic treatment program with
usual treatment. The cost-effectiveness analysis was based on
the QALY and cost-effectiveness ratios, and demonstrated that
dietary treatment as led by dietitians-nutritionists was cost-ef-
fective. Little et al. (26) proved that a dietetic intervention based
on behavioural treatment via internet, with nurse support, was
cost-effective, and that a significant weight loss can be achieved.
McRobbie et al. (25) compared the effect of the usual nutritional
treatment performed by nurses with an intensive group weight-
loss program, and found that the program was cost-effective
(£ 7,742 per QALY; ratios between £ 20,000-30,000 per QALY
gained are considered effective). In 2012, the Dutch Associa-
tion of Dietitians (14) published a document that analysed the
cost-benefit of nutritional treatment as led by a dietitian-nu-
tritionist in subjects with overweight/obesity and associated
comorbidities. The results showed that a dietetic-nutritional
treatment provides a benefit of € 0.4 to € 1.9 billion over a
period of 5 years. So, for every € 1 invested in dietary advice
in these subjects, society gets a net € 14 to € 63 in return; €
56 as health improvement (measured in QALY), € 3 as sanitary
savings (medication, hospital admissions), and € 4 as produc-
tivity gains (improved productivity and less work absenteeism).
On the other hand, the weight-loss program analysed by Tsai et
al. (23) was not cost-effective, because the costs were higher
for the intervention, and they found no significant differences in
the QALY gained. Subsequently, in another study, Tsai et al. (24)
analysed the medication costs associated to two weight-loss
programs consisting of 6 months of intensive lifestyle changes
and subsequent randomization to standard or intensive main-
tenance. No differences were found between groups. Further
research is needed because economic parameters other than the
costs associated with the medication were not measured. Fuller
etal. (21) compared the usual intervention in primary care with a
commercial program (Weight Watchers), and demonstrated that
intensive nutritional treatment achieved profitable cost-effective-
ness ratios. In children, the “Families for Health” program (27,28)
did not achieve greater weight loss and its costs were higher,
S0 the authors considered the program to be less cost-effective
than the control group. Hollinghurst et al. (22) compared three
specific childhood obesity programs. The intensive program was
more effective but much more expensive.
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Bertram et al. (34) demonstrated the cost-effectiveness of life-
style changes in the treatment of prediabetes. They showed that
changes in diet and physical activity provided a better cost-effec-
tiveness ratio than pharmacological treatment. Leal et al. (38) esti-
mated the cost-effectiveness of a structured diabetes prevention
program in subjects with prediabetes (Let’s Preveny. The inter-
vention group gained 0.046 QALY in 3 years, with an additional
cost of £ 168 per person compared to the standard group. The
increase in the cost-effectiveness ratio (£ 3,643/QALY) presented
an 86 % probability of being cost-effective. The lifestyle change
program Diabetes Prevention Program (DPP) (32,33) also proved
to be effective, and it was cost-effective (33) although not in all
the analyses (32). Neumann et al. (37) studied the cost-effective-
ness of a type-2 diabetes mellitus (T2DM) prevention program.
The researchers demonstrated that delaying the onset of T2DM is
feasible and cost-effective. In Catalonia, Sagarra et al. (36) demon-
strated that it was only necessary to invest € 746 in individual
treatment or € 108 in group treatment to avoid a new case of
diabetes. Some studies have also assessed the cost-effectiveness
of nutritional treatment in gestational diabetes. Broekhuizen et al.
(39) carried out an economic analysis in nine European countries.
Compared with the standard treatment, the “healthy diet + physical
activity” intervention was cost-effective. Also in gestational dia-
betes, Kolu et al. (35) showed that an additional cost of € 7 was
required to prevent an increase in baby body weight of 1 g at birth.
So the authors concluded that the program was effective but not
cost-effective. Pronk et al. (30) and Li et al. (31) made a systematic
review of the studies that provided economic data on the benefits
of nutritional treatment in adolescents or adults with a high risk of
T2DM. They found a mean cost-effectiveness ratio of $ 13,761/
QALY gained, so they recommend using lifestyle-change programs
because the economic evidence shows that they are cost-effective.

In patients with cardiovascular diseases, Lin et al. (46) showed
that, compared with no intervention, the ICER of the intervention
would be $ 13,900/QALY. Cost savings ranged from $ 302 per
capita for those who were obese with impaired fasting glucose,
hypertension, and dyslipidemia, to a cost of $ 103,200/QALY for
overweight people without these conditions. The conclusion was
that the dietary intervention, with a WTP standard cutoff of $
50,000/QALY, is cost-effective. Eriksson et al. (48) conducted a
study in people at moderate-high cardiovascular risk. The savings
were $ 47 per participant, and the costs per QALY gained ranged
from $ 1,668 to $ 4,813. The probability of the program being
cost-effective was 89-100 %. So, the program was highly cost-ef-
fective. Also in people at high cardiovascular risk, the results of
the cost-effectiveness analysis of the EUROACTION study were
published by Mistry et al. (43). The intervention had higher costs
and less QALY than the standard treatment, so the EUROACTION
program would only be cost-effective in less than 6 % of cases.
Saha et al. (44) obtained a gain of 0.46 QALY in the intervention
group compared with the control group, and the authors con-
cluded that the intervention was cost-effective. Van Wier et al.
(45) regarded the gain in QALY to be non-cost effective. Smith et
al. (49) compared the cost-effectiveness of a modified Diabetes
Prevention Program with standard treatment in people with met-
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abolic syndrome. The standard treatment reduced the relative
risk of metabolic syndrome but the DPP reduced it more, and
achieved a 0.01 QALY gain. In 2005, Olsen et al. (47) compared
the effect of dietary advice provided by a dietitian-nutritionist or a
physician, and found that treatment by physicians was the most
cost-effective option. Howatson et al. in 2015 (41) published a
systematic review to determine whether dietary intervention in
primary care was effective and cost-effective. All the publications
found with economic data showed economic advantages, and the
recommendation was to incorporate dietitians-nutritionists into
primary care in New Zealand, as they could save the National
Health System NZ $ 5.50 to NZ $ 99 for each NZ $ 1 invested
in dietary intervention. Dalziel et al. (41) analyzed the cost-ef-
fectiveness of various nutritional treatments. The 8 interventions
submitted to economic analysis can be considered cost-effective.
Sikand et al. (42) published a systematic review that evaluated the
clinical effectiveness and cost benefits of dietitian-administered
nutritional therapy in people with dyslipidemia. The results showed
an improvement in QALY and a reduction of costs in medication,
associated with improvements in clinical objectives.

In healthy people, Emmons et al. (50) compared the effective-
ness of two treatments, showing that both improved the multiple
risk score behavior when compared with the usual treatment, with
no significant differences between the two versions. Gulliford et al.
(51) showed that a treatment with a balanced diet was associated
with an increase in the number of years lived without illness, but
in the cost-utility analysis the probability of being cost-effective
increased only in the age range of 50-74 years. In participants
with chronic constipation, Speed et al. (52) studied the clinical
effectiveness and cost-effectiveness of laxatives (control group)
versus standardized but not personalized dietary advice and life-
style recommendations, and personalized and reinforced dietary
advice and lifestyle recommendations. Due to the low number
of participants in the process, it was not possible to draw firm
conclusions about the clinical effectiveness of the interventions.
The data on health care costs show that the personalized group
seemed to perform best and produce the greatest cost savings.

In malnourished patients, Schilp et al. (53) found no significant
differences in body weight, QALY, or total cost between groups.
Therefore, more studies are necessary to evaluate the cost-ef-
fectiveness of dealing with malnutrition in unpredictable people
by dietary treatment in primary care.

In summary, the results from this review showed that nutri-
tional counselling was led by a dietitian-nutritionist in two studies
conducted in an overweight or obese population, both of which
showed positive, cost-effective results. We found no studies led
by a dietitian-nutritionist in people with T2DM. However, a total of
three RCTs and two systematic reviews assessed nutritional coun-
selling as led by a dietitian-nutritionist in people harbouring car-
diovascular risk factors in the primary care setting. Two of these
RCTs showed that the nutritional intervention of a dietitian-nutri-
tionist in primary care was positive in terms of cost-effectiveness
and economic results. The only study led by dietitians-nutritionists
in older people with malnutrition showed that dietary treatment
was not cost-effective as compared to usual care in older people
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with malnutrition. This lack of effect could be explained by the
limited intensity (2.4 hours in the intervention group and 0.2 hours
in the control group) and short duration of the treatment provided.

The studies we have reviewed have several methodological lim-
itations that should be taken into account in future research. The
size of many of the samples does not provide sufficient statistical
power to draw clear conclusions. This is a common problem of
economic evaluations (54). Likewise, the main objective of some
studies was not to assess the cost of nutritional intervention, and
the differences seen in the populations studied (heterogeneous pop-
ulations, not always in the primary care setting, or with different
baseline pathologies, etc.) also make it difficult to draw appropriate
conclusions. The different methodologies used (cost-minimization
analysis, cost-benefit analysis, cost-utility analysis, or cost-effective-
ness) may also introduce an additional factor of variability.

The person responsible for dietary treatment in primary care
may be another factor of confusion when assessing cost-effective-
ness. Several studies have demonstrated the cost-effectiveness
of dietary treatment when led by a dietitian-nutritionist, the expert
healthcare professional in dietary counselling (14). The medical
and nursing professionals in primary care have limited time to
attend to patients, and this often makes it difficult to allocate a
specific time in each visit to dietetic and nutritional treatment, as
well as changes in physical activity. Giving dietitians-nutritionists a
greater role to play in primary care will make it possible to assess
the personal situation of each patient with a chronic illness, estab-
lish individual goals, and motivate a change in lifestyle.

The Mediterranean diet has been reported to be one of the
most cost-effective interventions, together with an intensive
lifestyle change program (55). The PREDIMED multicenter study
also proved the efficacy of nutritional intervention to reduce the
incidence of diabetes (55), metabolic syndrome (56), and cardio-
vascular disease, as well as mortality for all causes in individuals
at high cardiovascular risk (57). However, such nutritional inter-
vention has not been analysed in terms of cost-effectiveness.

It should also be noted that there are many limiting factors
in dietetic and nutritional treatment that require intervention by
a dietitian-nutritionist: for example, compliance with treatment,
sociocultural factors, channel used for the intervention (email,
telephone, individual or group visit, information leaflet), intensity
(weekly, monthly, quarterly, etc.), and duration of treatment. Al
these factors can vary the effectiveness on clinical objectives and,
therefore, influence the economic analysis of effectiveness. A pro-
fessional dietitian-nutritionist can discern the most recommended
therapeutic option in each specific case. In fact, in the UK, the
British Dietetic Association considers that dietitians-nutritionists
play a key role in primary care, and recently proposed to extend
their role by creating the specialisation of “expert generalist” (58).
The UK also has specialist dietitians-nutritionists who work pre-
dominantly in general practices and medical management teams
in clinical commissioning groups to help prescribe nutritional
products effectively and appropriately. Data from audits carried
out in primary care indicate that up to 75 % of adult prescriptions
for oral nutritional supplements were not appropriate according to
the criteria and dietetic judgement of the Advisory Committee for
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Borderline Substances (59). Therefore, evidence shows that opti-
mal nutrition—including medical nutrition—as part of a patient’s
total care also has functional and clinical benefits, resulting in a
reduction of health care costs (60).

Therefore, incorporating or increasing the presence of dieti-
tians-nutritionists in primary care would improve quality of life,
reduce the demand for specialized medical care, enable people to
self-control their chronic diseases, reduce the demand for medical
visits, reduce the need for hospitalization, reduce the prescription
of drugs, and reduce absentegism.

Finally, it should be noted that the European Commission has
recently published A New Management for the Primary Care in
Europe: Reconsidering the Evaluation of Tools and Methodologies,
drawn up by the Group of Experts on the Evaluation of the Per-
formance of Health Systems (2), which shows that primary care
must be enhanced by evaluating the performance of all the health
professions that work in multidisciplinary teams, including dieti-
tians-nutritionists.

CONCLUSION

Dietitians-nutritionists are registered health professionals who
apply robust scientific knowledge on food and nutrition. Most of
the dietary treatments led by dietitians-nutritionists in primary care
have proven cost-effective. Therefore, incorporating or increasing
the presence of dietitians-nutritionists in primary-care multidisci-
plinary teams will allow the population access to the best qualified
healthcare professionals to carry out dietetic and nutritional treat-
ment for various pathological states, and to promote health and
prevent disease in both individuals and the community. The pri-
mary care team including dietitians-nutritionists may also increase
life expectancy and quality of life, reduce the risk of such chronic
diseases as obesity, diabetes, hypertension, malnutrition, etc., and
at the same time be cost-effective in terms of health expenditure.
Even so, more research is required to confirm these conclusions.
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Resumen

Introduccion: el manejo de las fistulas enterocutaneas (FEC) es un reto que requiere un enfoque interdisciplinario y plantea un desafio impor-
tante. Las guias para optimizar el estado nutricional en estos pacientes estan basadas en estudios que dependen de la experiencia individual
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y el de andlogos de la somatostatina en el tratamiento de estos pacientes no estan bien definidos. El objetivo de esta guia clinica es desarrollar
recomendaciones especificas para la terapia nutricional de los pacientes adultos con FEC.

Método: revision sistematica de la mejor evidencia disponible para responder a una serie de preguntas sobre la terapia nutricional de los adultos
con FEC, evaluada utilizando la metodologia GRADE. Se utilizd un proceso de consenso anénimo para desarrollar las recomendaciones de la guia
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Fistula del tracto Preguntas: 1) ;Qué factores describen mejor el estado nutricional de los adultos con FEC? 2) ;Cudl es la mejor via para administrar la terapia
gastrointestinal. nutricional (oral, nutricion enteral o parenteral)? 3) ¢ Qué aporte energético y proteico proporciona mejores resultados clinicos? 4) ¢El uso de la
Fistula enterocutanea. fistuloclisis se asocia a mejores resultados? 5) ¢Las formulas inmunomoduladoras se asocian a mejores resultados? 6) ¢l uso de la somatostatina
Terapia nutricional. proporciona mejores resultados? 7) ¢ Cuando esta indicada la terapia nutricional parenteral domiciliaria?
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Background: the management of patients with enterocutaneous fistula (ECF) requires an interdisciplinary approach and poses a significant
challenge to surgeons, gastroenterologists, intensivists, wound/stoma care specialists, and nutrition support clinicians. Available guidelines for
optimizing nutritional status in these patients are often vague, based on limited and dated clinical studies, and typically rely on individual or
institutional experience. Specific nutrient requirements, appropriate route of feeding, role of immune-enhancing nutrients, and use of soma-
tostatin analogs in the management of patients with ECF remain a challenge for the clinician. The purpose of this clinical guideline is to develop

Methods: a systematic review of the best available evidence to answer a series of questions regarding clinical management of adults with ECF
was undertaken and evaluated using concepts adopted from the Grading of Recommendations, Assessment, Development and Evaluation (GRADE)
Working Group. An anonymous consensus process was used to develop the clinical guideline recommendations prior to peer review and approval
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Abstract
recommendations for the nutritional care of adult patients with ECF.
Keywords:
by the A.S.PE.N. and FELANPE Board of Directors.
Gastrointestinal
tract fistula.

Enterocutaneous
fistula. Nutritional

Questions: in adult patients with enterocutaneous fistula: 1) What factors best describe nutritional status? 2) What is the preferred route of
nutritional therapy (oral diet, EN or PN)? 3) What protein and energy intake provide best clinical outcomes? 4) Is fistuloclysis associated with better
outcomes than standard care? 5) Are immune-enhancing nutrients associated with better outcomes? 6) Does the use of somatostatin provide

therapy. better outcomes than standard medical therapy? 7) When is home parenteral nutrition support indicated?

INTRODUCCION

La fistula enterocutanea (FEC) se define como un trayecto
anormal entre el tracto gastrointestinal y la piel. Estas fistulas
pueden surgir espontaneamente en pacientes con malignidad
subyacente, exposicion a radiacion o condiciones inflamatorias
como la enfermedad inflamatoria intestinal, pero se desarrollan
mas comunmente como complicacion de la cirugia gastrointes-
tinal. Las FEC pueden clasificarse con base en la anatomia de la
zona de la fistula, incluyendo el sitio de origen y el volumen de
gasto. Los defectos enterales pequefios (< 1 ¢cm) y los trayectos
fistulosos largos (> 2 cm) son condiciones que favorecen el cierre
espontaneo, mientras que la falta de continuidad intestinal, la
presencia de un absceso adyacente, la inflamacion o estenosis
intestinal, la radioterapia, la presencia de material extrafio y la
obstruccion distal son factores que se asocian a la ausencia de
cierre espontaneo (1). La fistula enteroatmosférica se define como
una conexion entre el tracto gastrointestinal y la atmdsfera (es
decir, cuando el intestino esta expuesto), y representa un subtipo
de FEC que casi nunca se cierra espontaneamente (2). La pérdida
de liquido intestinal que se produce en los pacientes con FEC
puede resultar considerable. No solo la de liquido, sino también la
de electrdlitos, minerales y proteinas, lo que contribuye a generar
complicaciones tales como deshidratacion, desequilibrio electro-
litico y desnutricion. Existe una asociacion entre la FEC de alto
gasto (definida como aquella con un gasto superior a 500 ml en
24 horas) y las mayores tasas de mortalidad, si se compara con
la FEC de bajo gasto (1,3).

El estandar de cuidado médico se centra en el control de la
sepsis, el cuidado de la herida y la optimizacion de los liquidos,
los electrolitos y el estado nutricional (3,4). Los pacientes con
FEC a menudo se encuentran desnutridos debido a su diagnds-
tico de base, a la disminucion de la ingesta calérica y al aumento
de los requerimientos de proteina asociados a la inflamacion
sistémica y a la mayor pérdida de nutrientes asociada al gasto
de la fistula. Los objetivos de la terapia nutricional son: pro-
porcionar los requerimientos caldricos estimados, mantener el
equilibrio de liquidos y electrolitos y mejorar el cierre espontaneo

de la FEC siempre que sea posible. La nutricion parenteral (NP),
en conjunto con el ayuno, se ha utilizado tradicionalmente para
proporcionar la nutricion necesaria mientras se intenta reducir
el gasto de la fistula, mantener el equilibrio de los liquidos y
electrolitos, y promover el cierre espontaneo. Los analogos de la
somatostatina también se han utilizado para tratar de reducir el
gasto de la fistula y favorecer el cierre espontaneo. Dependiendo
de la ubicacion de la fistula y del volumen del gasto, el uso de
una dieta oral o de la nutricion enteral (NE) se ha propuesto como
medio para alimentar al paciente y preservar la integridad de
la mucosa intestinal. Esto puede incluir la reinfusion del gasto
desde un orificio fistuloso proximal a uno distal, exclusivamente
0 ademas de la infusion de una formula enteral través de un
orificio fistuloso distal, lo que se conoce como fistuloclisis (2).
El'uso de la fistuloclisis se ha intentado en pacientes con fistula
enteroatmosférica ya que el cierre espontaneo es poco probable
(2). En lospacientes con fistulas que no cierran espontaneamente
con el tratamiento médico estandar puede estar indicado el tra-
tamiento quirdrgico. La cirugia, generalmente, no se recomienda
hasta por lo menos 3 meses después de la lesion inicial, una vez
que el paciente esta mejor nutrido y se ha resuelto la respues-
ta inflamatoria aguda (3). Por lo tanto, los pacientes con FEC
pueden requerir un manejo médico a largo plazo y, cuando sea
posible, egresar del hospital con nutricion enteral y/o parenteral,
monitoreo estrecho de liquidos y electrdlitos, y cuidado de las
heridas complejas mientras se esperan las condiciones 6ptimas
para la intervencion quirlrgica.

El manejo de los pacientes con FEC requiere un abordaje inter-
disciplinario y plantea un reto importante para los médicos, los
nutricionistas, los especialistas en cuidados de heridas y esto-
mas, los dietistas, los farmacéuticos y otros profesionales de la
salud. Las guias para optimizar el estado nutricional en estos
pacientes son a menudo vagas, basadas en estudios clinicos
limitados, y por lo general dependen de la experiencia individual
y, ocasionalmente, institucional. Dichas guias se enfocan hacia el
manejo integral de la FEC, centrandose en el tratamiento médico
y quirdrgico, mientras que la terapia nutricional se revisa solo
superficialmente. Los requerimientos de nutrientes especificos,
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la via de administracion adecuada de la nutricion, el papel de la
inmuno-nutricion y el uso de analogos de la somatostatina en el
tratamiento de los pacientes con FEC no estan bien definidos. El
objetivo de esta guia clinica es desarrollar recomendaciones espe-
cificas para la terapia nutricional de los pacientes adultos con FEC.

METODOLOGIA

Esta guia clinica se desarrolld bajo la direccion conjunta de
los Consejos de Administracion de la Sociedad Americana de
Nutricién Parenteral y Enteral [American Society for Parenteral
and Enteral Nutrition (ASPEN)] y la Federacion Latino-Americana
de Terapia Nutricional, Nutricién Clinica y Metabolismo (FELAN-
PE). Ambas organizaciones asocian profesionales de la salud que
representan las areas de la medicina, la enfermeria, la farmacia,
la nutricién y la dietética. La mision de ambas sociedades es
mejorar la atencion al paciente a través del avance de la ciencia
y la préctica de la especialidad de nutricion clinica y metabolismo;
ambas trabajan eficazmente para respaldar la atencion de calidad
al paciente, la educacion e investigacion en los campos de la
nutricion clinica y el soporte metabolico en todos los entornos
sanitarios.

Estas guias clinicas se basan en el consenso general de pro-
fesionales de la salud que han equilibrado los beneficios poten-
ciales de la terapia médica nutricional frente a los riesgos de la
misma. Sin embargo, el juicio del profesional de la salud es el
principal componente de toda atencion médica de calidad. Debido
a que las guias no pueden incluir cada variante de las circuns-
tancias, el médico debe ejercer siempre el juicio profesional en
su aplicacion. Estas guias clinicas pretenden complementar, mas
no reemplazar, la formacion y el juicio profesional.

El proceso de creacion de las guias de practica clinica de la
ASPEN ha adoptado los conceptos del grupo de trabajo GRADE
(Grading Recommendations, Assessment, Development and Eva-
luation) (5-8). Ya se ha publicado una descripcion completa de
la metodologia GRADE (9). Se desarrollaron 7 preguntas clinicas
especificas sobre el manejo de la terapia nutricional en pacientes
con FEC por parte de un grupo internacional de expertos que
posteriormente identificaron los resultados clinicos relevantes.

Se realizo una busqueda rigurosa de articulos entre enero de
1995 y junio de 2016 en la base de datos PubMed/MEDLINE,
segun la técnica descrita por McKeever et al. (10). Se utilizd como
concepto médico de partida (MeSH: Medical Subject Heading)
el término “Fistula” (Fistula) en la base de datos MEDLINE y se
cruzaron las referencias con los conceptos médicos de partida
(MeSH) “Nutritional support” (soporte nutricional), “Parenteral
nutrition solutions” (soluciones de nutricion parenteral), “Enteral
nutrition” (nutricion enteral), “Food” (comida), “Dietetics” (dieté-
tica), “Fat emulsions, intravenous” (emulsiones lipidicas, intra-
venosas) y “Parenteral nutrition, home” (nutricion parenteral, a
domicilio). Estas citas se limitaron a las referencias cruzadas con
el concepto médico de partida (MeSH) “Humans” (humanos). Pos-
teriormente se realizd una bisqueda en la base de datos PubMed
(no MEDLINE) utilizando los términos descritos en la figura 1. Para
proteger la busqueda contra términos no catalogados en MED-
LINE, se realizd una busqueda final en la misma base de datos
(MEDLINE) basada solamente en citas con texto restringido que
contuvieran dichos términos en su titulo o en el resumen. Pos-
teriormente se realizaron estrategias de busqueda analogas en
otras 3 bases de datos no MEDLINE (EMBASE, CINAHL y Cochrane
Central).

Los restimenes obtenidos fueron revisados y analizados con
base en el criterio de inclusion: “pacientes adultos con FEC”,

Text-Based Search for the PubMed (Non-MEDLINE) Database

Fistulas “Nutrition Support” Intestin*
Pouch to Pouch “Nutritional Support” lleal
Anastomosis “Artificial Feeding” Jejunal
Anastomoses “Parenteral Nutrition” Duodenal
nasogastric Enteric

Parenteral AND (Feed* OR Fed)
(Intravenous OR IV) AND (Nutrition OR Feed* OR Fed)
(Enteral OR Enteric OR Tube) AND (Nutrition OR Feed* OR Fed)
(Gastronomy OR Gastric OR Jejunal OR lleal) AND (Tube OR Feed OR Fed OR Nutrition)

Figura 1.

Términos de busqueda utilizados en la base de datos PubMed (no MEDLINE). La insercion de una cita en el fragmento de bisqueda
que se realizd en PubMed (no MEDLINE) requiere que contenga al menos una palabra de cada &rea en gris en por lo menos uno
de sus campos de busqueda. EI simbolo * en la figura indica un término de busqueda MeSH [Medical Subject Heading (concepto
médico de partida)], que puede vincularse a cualquier palabra que contenga las letras antes del simbolo.
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publicados en inglés, espafiol y portugués (o que aumento consi-
derablemente el niimero de citas disponibles, gracias a la partici-
pacion de expertos latinoamericanos que revisaron los articulos en
espafiol y portugués - Nota del autor). Se incluyeron los ensayos
aleatorios controlados (“randomized controlled trials - RCT's) y
los estudios observacionales que incluyeran un grupo de control.
Los restimenes de los estudios que describieran fistulas relacio-
nadas con la cirugia bariatrica, fistulas gastricas, esofagicas o
pancreaticas, asi como el abdomen hostil se excluyeron, ya que
el cuidado de estas condiciones es sustancialmente diferente al
de las fistulas de intestino o colon. Asimismo, se excluyeron los
restimenes referentes a la terapia nutricional en nifios, ya que
estas guias se orientan a pacientes adultos. Cada manuscrito
publicado asociado con algun término incluido fue revisado inde-
pendientemente por 2 autores, quienes realizaron una evalua-
cion consensuada respecto a la calidad de la evidencia de cada
estudio. Cuando los estudios reportaban resultados de manera
similar, sus datos se incluyeron en el programa Review Manager
5.3 (The Cochrane Collaboration, Copenhague, Dinamarca) para
crear graficos del tipo de los diagramas de efectos (forest plots),
agregando el tamafio del efecto para cada intervencion y la evo-
lucidn del paciente (11). Los diagramas de efecto (forest plots)
que respaldan las recomendaciones se incluyen en el texto. La
calidad de todo el conjunto de evidencias sobre una determinada
intervencion y su resultado se evalud y clasifico dentro de un ran-
go de muy baja a alta (12). Cuando la calidad de la evidencia es
muy baja, cualquier estimacion del efecto es muy incierto. Cuando
la calidad de la evidencia es moderada, es probable que investi-
gaciones posteriores afecten a la estimacion del efecto y puedan
cambiar la magnitud del mismo. Cuando la calidad de la eviden-
cia es alta, es probable que investigaciones posteriores puedan
modificar la magnitud del efecto. Las tablas con el resumen de
evidencias se encuentran en el apéndice en linea (del articulo
original en inglés — Nota del autor). Un equipo de autores redactd
cada recomendacion y su razonamiento. Estas afirmaciones se
discutieron en conferencias telefonicas y se establecié un con-
senso mediante un modelo Delphi modificado y anénimo donde
se precisaba al menos un 60 % de congruencia para establecer
el consenso. Las opiniones disidentes respecto al consenso se
discuten en el razonamiento de la recomendacion. Se atribuyd
un grado de recomendacion de forma independiente al cuerpo
de la evidencia (5). Se hace una recomendacion “fuerte” (strong)
cuando la calidad de la evidencia es alta y/o cuando el beneficio
supera al dafio. Se formulan recomendaciones “débiles” (weak)
cuando la evidencia es de baja calidad o si existen ventajas y
desventajas importantes para el paciente. En caso de no existir
estudios disponibles que respondieran directamente a alguna de
las preguntas planteadas por los autores de la guia, el proceso
de consenso prosiguio con la anotacion de que la recomendacion
se hizo sobre la base de un consenso de expertos, ya que no hay
evidencia utilizable.

Esta guia clinica fue revisada por expertos clinicos tanto inter-
nos como externos de ambas organizaciones, en su version origi-
nal en inglés y en la presente traduccion al espafiol. Los equipos
de autores y revisores de esta guia incluyeron miembros de cada
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uno de los grupos profesionales que utilizaran la guia (medici-
na, nutricion, dietética, enfermeria, farmacia e investigacion), asi
como la Junta Directiva de ASPEN y revisores de FELANPE. Todos
los autores participaron en el proceso de elaboracion de la guia
de forma voluntaria. Las organizaciones que desarrollaron la guia
clinica (ASPEN y FELANPE) no recibieron apoyo comercial para el
proyecto. La revision de esta guia clinica no esta prevista hasta
que se aporten nuevos datos de futuras investigaciones.

RESULTADOS

En total se revisaron 872 citas y resimenes para ser incluidos
(638 de PubMed/MEDLINE, 34 de EMBASE, 15 de CINAHL y 185
de Cochrane Central). De estas citas, 6 ensayos aleatorios contro-
lados y 20 estudios observacionales controlados cumplieron con
los criterios de inclusion. Otros articulos de revision se utilizaron
como respaldo para redactar los razonamientos o los anteceden-
tes. Se encontraron ensayos aleatorios controlados para redactar
solo una recomendacion (pregunta 6). Cuatro recomendaciones
se basaron en estudios observacionales controlados, y las 2
restantes en el consenso de expertos. Los autores no tuvieron
opiniones disidentes en ninguna pregunta.

PREGUNTA 1: EN PACIENTES ADULTOS CON
FEC, {; QUE FACTORES DESCRIBEN MEJOR EL
ESTADO NUTRICIONAL?

Recomendacian: sugerimos lo siguiente:

— La desnutricion debe diagnosticarse con base en la historia
nutricional, incluyendo la pérdida no intencionada de peso
y la estimacion de la ingesta caldrica o de nutrientes, asi
como la exploracion fisica.

— La evaluacion nutricional deberd realizarse en el momento
en que se hace el diagnéstico de FEC. En caso de que el
paciente no se encuentre desnutrido en dicho momento,
deberan realizarse evaluaciones nutricionales periodicas, ya
que los pacientes con fistulas tienen una alta probabilidad
de desnutrirse debido a la malabsorcién de nutrientes, la
pérdida de liquidos y electrélitos, y la sepsis.

— Pueden obtenerse las concentraciones de proteinas séricas
antes y durante la terapia nutricional, ya que son indicadores
prondsticos de la evolucion; sin embargo, no son marcado-
res nutricionales sensibles.

Calidad de la evidencia: muy baja.

Razonamiento: la evaluacion del estado nutricional en el
momento del diagndstico de FEC se puede realizar usando diversas
herramientas, aunque ninguna ha sido validada especificamente
para Su uso en las FEC. La Valoracion Global Subjetiva (VGS) clasi-
fica a los pacientes en Nivel A (bien nutrido), Nivel B (desnutricion
moderada o sospecha de desnutricion) o Nivel C (desnutricion
severa) con base en la ingesta de alimentos, la pérdida de peso,
la evaluacion funcional y el examen fisico (13). Los criterios de
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consenso publicados por la Academia de Nutricion y Dietética y
ASPEN sugieren la identificacion de 2 o mas de las siguientes 6
caracteristicas para detectar y diagnosticar la desnutricion: insu-
ficiente consumo de energia, pérdida de peso, pérdida de masa
muscular, pérdida de grasa subcutanea, acumulacion de liquido
localizada o generalizada que puede ocultar la pérdida de peso, y
estado funcional disminuido, medido a través de fuerza de pren-
sion de la mano (14). Aunque todas estas herramientas incluyen
la evaluacion de la pérdida de peso, es posible que fallen en el
diagndstico de desnutricion del paciente con sobrepeso u obesidad
y en el de aquellos en situacion de riesgo. Los pacientes obesos
criticamente enfermos que estan desnutridos pueden tener un
riesgo mayor de muerte en comparacion con 10s pacientes obesos
sin desnutricion (15). Un historial completo del consumo de ener-
gia/nutrientes y la pérdida de peso son parametros importantes de
evaluacion nutricional que deben obtenerse en todos los pacientes,
incluyendo aquellos con un indice de masa corporal (IMC) alto.

Todos los estudios incluidos fueron de disefio observacional y
utilizaron el IMC, la pérdida de peso y/o los niveles de proteina
sérica para definir la desnutricion (Tabla suplementaria S1). Hubo
variabilidad significativa entre los estudios respecto a la inclusion
de los parametros nutricionales. Solo un estudio (16) evalu¢ la
desnutricion mediante la VGS. Ningun otro estudio utilizé una
herramienta de evaluacion nutricional validada.

Cuatro estudios examinaron la pérdida involuntaria de peso (17-
20). Se desconoce si la pérdida de peso predispone al desarrollo
de FEC o si es una consecuencia del curso clinico y el tratamiento
de la enfermedad. No seria extrafio que la pérdida de peso pre-
dispusiera a presentar una FEC dado el diagnéstico subyacente
en los pacientes que las desarrollan (cancer de tubo digestivo,
traumatismos, obstruccion intestinal, enfermedad inflamatoria
intestinal, enteritis por radiacion). Sin embargo, en al menos un
estudio retrospectivo de 53 pacientes en un periodo de 10 afios, se
observo pérdida de peso en el momento de presentar 10s sintomas
en el 21,2 % de quienes presentaron cierre espontaneo y el 20 %
de quienes no lo presentaron (19). En la practica clinica es razo-
nable documentar la pérdida y el cambio de peso en el momento
de la presentacion de sintomas y durante el tratamiento de la FEC.

Mientras que el monitoreo de las proteinas séricas era comun
en los afos 80 y 90, ahora Se acepta que dichas medidas carecen
de sensibilidad y especificidad en la elaboracion del diagnos-
tico de la desnutricion. La disminucion de las concentraciones
plasmaticas de alblimina, transferrina, proteina transportadora
de retinol y prealbimina pueden ser una consecuencia de la
inflamacion y la infeccion relacionadas con la FEC. Aun sin ser
un parametro nutricional adecuado, la disminucion de la concen-
tracion de proteinas séricas puede tener significacion prondstica.
En un estudio retrospectivo durante un periodo de 10 afios (19), el
aumento de la concentracion de alblimina sérica posterior al uso
de NP se asoci6 a un gasto por la fistula significativamente menor
y a mejoria de la tasa de cierre espontaneo. La probabilidad de
cierre espontaneo de la fistula fue 18,1 veces mayor cuando la
albtimina sérica mejord que cuando no lo hizo (16). En un estudio
prospectivo de manejo de las FEC con terapia nutricional enteral y
parenteral, la concentracion de alblimina sérica disminuy6 duran-
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te el tratamiento de las FEC pero volvid a niveles preoperatorios
después del cierre de la fistula (18). En contraste, en una gran
cohorte de 277 pacientes, la albimina sérica no fue un factor
predictivo independiente de los resultados clinicos (21), hallazgo
confirmado en una observacion retrospectiva de 79 pacientes con
FEC (22). Sin embargo, la mayor concentracion de transferrina
sérica predijo el cierre espontaneo y las bajas concentraciones
de transferrina, proteina transportadora de retinol y prealbiimina
fueron predictores de mortalidad (22). Los pacientes que recibie-
ron NP con aumento en las concentraciones de albuimina sérica
y gasto de la FEC < 500 ml/d presentaron cierre espontaneo en
el 93,3 % de los casos en comparacion con el 70 % de fallas del
cierre entre los pacientes con concentraciones bajas de albimina
sérica y gasto por la fistula > 500 ml/d (22).

PREGUNTA 2: EN PACIENTES ADULTOS CON
FEC, ;{ CUAL ES LA RUTA RECOMENDADA
PARA LA TERAPIA NUTRICIONAL (DIETA VIiA
ORAL, NE O NP)?

Recomendacion: sugerimos que, después de haber logrado la
estabilizacion del balance de liquidos y electrolitos, la dieta oral o
la NE pueden ser factibles y toleradas en los pacientes con fistulas
enterocutaneas de bajo gasto (< 500 ml/d, lo que sugiere que no
existe obstruccion distal). Sin embargo, los pacientes con FEC de
alto gasto (> 500 ml/d) pueden requerir NP para cubrir los reque-
rimientos de liquidos, electrélitos y nutrimentos que permitan el
cierre espontaneo o quirtrgico de la FEC.

Calidad de la evidencia: muy baja.

Razonamiento: \a capacidad de administrar una NE temprana
en el periodo postoperatorio puede reducir la posibilidad de desa-
rrollar FEC en los pacientes con abdomen abierto (23). Sin embar-
go, el numero de estudios que evaltan el resultado asociado al
uso de NP o NE una vez que se ha formado una FEC es limitado
(Tabla suplementaria S2). Dos pequefios estudios retrospectivos y
observacionales (uno usando controles historicos) reportan resul-
tados conflictivos en términos de tasa de cierre espontaneo de
las fistulas, ademas de tener poca potencia estadistica para la
mortalidad (17,24). Un tercer estudio reporta un cierre quirdrgico
de la fistula mas temprano y menos complicaciones en pacientes
que recibieron NE dentro de los primeros 14 dias a partir de su
admision al hospital, en comparacion con quienes recibieron NE
después de 14 0 mas dias (25). No se encontrd ninglin ensayo
aleatorio controlado que comparara la NE con la NP tras la for-
macion de una FEC.

Cuando se produce una fistula, el objetivo inmediato es lograr
el equilibrio hidroelectrolitico, asi como establecer la ubicacion
de la fistula, cuantificar el gasto y descartar una obstruccion
distal. La evaluacion detallada de las caracteristicas de la fis-
tula (localizacion exacta, longitud) puede no ser factible en ese
momento ya que el trayecto fistuloso ain no ha madurado. En
ausencia de obstruccion distal, los pacientes con FEC de bajo
gasto (< 500 ml/d) pueden tolerar la dieta oral. Si la ingesta oral
Se asocia con un aumento significativo del gasto de la FEC o no se
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Ayuno 24-48 h
Reanimacion
Correccién hidroelectrolitica

Protocolo diagnéstico

FEC <500 cc/24 h FEC > 500 cc/24 h

Localizacién: Localizacién:

Intestino delgado proximal o
incapacidad de colocar punta de
sonda distal a FEC

Esofagica, gastrica o duodenal, punta
de la sonda distal a la FEC

Intestino delgado distal o colon

4 4

NE es factible y tolerada

NP si el gasto de la FEC no es
manejable

Iniciar NP +/- NE

Figura 2.

Diagrama de flujo respecto a la ruta para administrar la terapia nutricional en
pacientes con fistula enterocutanea (FEC: fistula entero-cutanea; NE: nutricion
enteral; NP: nutricién parenteral).

tolera por otras razones, la NE es factible y se tolera bien cuando
el acceso enteral puede hacerse distal a la fistula (Fig. 2). La
tolerancia a la NE y la capacidad de cubrir los requerimientos
deben evaluarse regularmente. Si la meta nutricional no puede
alcanzarse unicamente con la NE, la terapia nutricional mixta (NE
y NP) puede estar indicada. Algunos pacientes requeriran NP si el
gasto de la FEC es alto (> 500 ml/d), existe obstruccion intestinal,
0 el gasto de la FEC compromete significativamente el cuidado
de las heridas y de la piel, o dificulta la capacidad de mantener el
equilibrio de liquidos y electrolitos cuando se utiliza la NE.

PREGUNTA 3: EN PACIENTES ADULTOS
CON FEC, ;QUE APORTES DE PROTEINA
Y ENERGIA PROPORCIONAN MEJORES
RESULTADOS CLINICOS?

Recomendacion: basandonos en el consenso de expertos,
sugerimos la provision de 1,5-2,0 g/kg/d de proteina; el aporte
energético debera ser el apropiado a los requerimientos con base
en el resultado de la evaluacion nutricional. Puede ser necesario
un mayor aporte de proteina (hasta 2,5 g/kg/d) en los pacientes
con fistula enteroatmosférica y/o fistula de alto gasto.

Calidad de la evidencia: se basa Unicamente en el consenso
debido a que no hay evidencia reciente disponible.

Razonamiento: no se encontrd ninguna evidencia definitiva
que evalle el resultado clinico con relacion al aporte especifico
de energia o proteina. La falta de estudios en los que se mida el
gasto energético o el balance nitrogenado en pacientes con FEC
es sorprendente. La mayoria de 1os articulos de revision se refieren
a un estudio observacional retrospectivo de 1964 en el que se
trataron 56 casos de pacientes con FEC entre 1953 y 1963 (26).
Los pacientes que fueron capaces de consumir entre 1600 y 2000
kcal/d presentaron menor mortalidad (12 % vs. 55 %) y mayor tasa
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de cierre espontaneo de la fistula (89 % vs. 37 %) que los que
consumieron < 1000 kcal/dia. Sin embargo, el estudio se realizd
antes de que el uso de la NE o la NP se hubiera generalizado y
refleja solo qué pacientes eran capaces de consumir tal cantidad
de calorias por dieta oral. Probablemente, esta situacion generd
un sesgo hacia peores resultados en los pacientes gravemente
enfermos, que eran menos propensos a tolerar la dieta oral.

Estudios observacionales realizados entre 1990 y 2016 repor-
tan metas de energia de entre 25 y 30 kcal/kg/d, y metas de
proteina de 1,5 g/kg/d, pero no informan de la ingesta real ni de
su relacion con resultados clinicos importantes (Tabla suplemen-
taria S3) (16,17,25,27,28). Tres articulos de revision recientes
recomiendan una dosis de proteina de 1,5 g/kg/d y el aporte
energético suficiente para satisfacer el gasto energético basal
(GEB) en los pacientes con FEC de bajo gasto, asi como aumen-
tar la dosis de proteina a 1,5-2,5 g/kg/d y el aporte de calorias
hasta 1,5-2 veces el GEB en los pacientes con FEC de alto gasto
(29-31). Ninguno de los articulos de revision disponibles refieren
la dosificacion de energia y proteina administrada a pacientes
obesos con FEC, aunque esto representa un porcentaje signifi-
cativo de la poblacion.

Nuestra recomendacion se basa en los paradigmas de la practi-
ca general del apoyo nutricional, que incorporan la evaluacion del
nivel de desnutricion con niveles adecuados de aporte de energia
y proteina. El manejo cuidadoso de los liquidos, los electrélitos y
las vitaminas es también un aspecto importante de la atencion de
estos pacientes. En el paciente obeso con FEC, concordamos con
las recomendaciones de las guias de nutricidn para adultos en
cuidados criticos de la ASPEN y la Sociedad de Medicina de Cuida-
dos Criticos (SCCM) para determinar los requerimientos caléricos
y protéicos (32). En cuanto al aporte energético, se recomienda la
provision de 11 a 14 kcal/kg/d de peso real si el IMC es de 30 a
50 kg/m? y de 22 a 25 kcal/kg/dia de peso ideal si el IMC > 50
kg/m?. Para el aporte de proteinas se recomienda la provision de
2 g/kg/dia de peso ideal para pacientes con IMC de 30 a 40 kg/
m?y 2,5 g/kg/d de peso ideal si el IMC > 40 kg/m?(32).

PREGUNTA 4: EN LOS PACIENTES ADULTOS
CON FEC, ¢(EL USO DE LA FISTULOCLISIS SE
ASOCIA A MEJORES RESULTADOS QUE EL
CUIDADO ESTANDAR?

Recomendacion: sugerimos:

— Utilizar lafistuloclisis para la terapia nutricional en los
pacientes con capacidad de absorcion intestinal distal al
sitio de infusion intacta y cuando no se espere que dicho
sitio de la FEC utilizado para la infusion vaya a cerrarse
espontaneamente.

— Utilizar formulas poliméricas inicialmente y cambiar a una
semi-elemental (oligomérica) si se presenta intolerancia.

Calidad de la evidencia: muy baja.

Razonamiento: se define la fistuloclisis como la infusion de

una formula de NE a través del estoma distal de una FEC con o
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sin la reinfusion del gasto obtenido del orificio fistuloso proxi-
mal. Esta técnica solo debe iniciarse después de haber confir-
mado la integridad y permeabilidad del intestino delgado mas
alla del orificio fistuloso mas distal y en las FEC en las que no
se espera un cierre espontaneo. Se puede colocar un acceso
enteral en el orificio fistuloso distal con una sonda o catéter, y la
formula de NE y/o el quimo se infunden a través del orificio. La
idea central es usar el intestino tanto para alimentar al paciente
como para estimular y nutrir directamente la mucosa intestinal,
asi como reducir al minimo el uso de la NP. La tolerancia se evalla
identificando si el aumento del gasto de la FEC es manejable en
términos de captura de efluentes, mantenimiento del estado de
hidratacion y capacidad de administrar una nutricion adecuada y
suficiente. Debido a que las formulas semi-elementales (oligomeé-
ricas) estan parcialmente digeridas, con su uso puede lograrse un
mayor aporte de nutrientes.

Dos pequerios estudios observacionales, retrospectivos reunie-
ron nuestros criterios de inclusion, pero no divulgan resultados
que permitan el calculo de un efecto (Tabla suplementaria S4). El
primer estudio reporta el uso de la fistuloclisis con una formula
enteral (sin reinfundir el gasto de la fistula) en 12 pacientes con
fistulas yeyuno-cutaneas o ileo-cutaneas postoperatorias y un
gasto promedio de la fistula proximal de 1360 (rango, 690-3190
ml/d (33). Utilizaron una sonda de gastrostomia con balén que
se insertd distalmente y se avanzé 5-10 cm bajo control radio-
l6gico. Ademas de la atencion médica estandar, que incluyd la
administracion de NP, se inici la administracion de una formula
polimérica estandar a razon de 30 ml/h, aumentandola en 20 ml
por hora cada dia hasta que se alcanz6 la meta. Se cambid la
formula a semi-elemental si se presentaba intolerancia. La NP
se suspendid cuando la NE alcanzo una velocidad de infusion
de 90 ml/h. Al compararlo con la NP exclusiva, el uso de la fis-
tuloclisis se asocié con un menor costo. La fistuloclisis sustituyd
con éxito a la NP en 11 de los 12 pacientes, con solo 1 caso
fallido. En 6 pacientes, la fistuloclisis se asocid con un aumento
del gasto de la fistula proximal de entre 40 y 330 ml/d, y en 4
pacientes el gasto disminuy entre 290-1540 ml/d. Nueve de
los 11 pacientes se sometieron con éxito a cirugia reconstructiva
en una mediana de 155 (rango, 19-422) dias después de haber
iniciado la fistuloclisis.

El segundo estudio incluy6 95 pacientes con FEC de alto gasto,
con intestino restante mayor de 100 cm y funcion intestinal recu-
perada (34). El uso de la fistuloclisis en 35 pacientes, incluyendo
una formula enteral y la reinfusion del gasto de la fistula proximal,
se compard con una formula enteral sin reinfusion del gasto de la
fistula en los 60 pacientes restantes (34). Definieron la fistuloclisis
como la reinfusion del gasto recolectado de la fistula proximal a
la fistula distal a través de una sonda de alimentacion, mientras
que la formula enteral fue infundida simultaneamente a través de
la misma sonda u otra sonda nasoyeyunal. Todos los pacientes
recibieron NP durante el estudio. Como en el estudio anterior, una
sonda de gastrostomia con balon se insert en el orificio fistuloso
distal. En el grupo de la fistuloclisis, el gasto del estoma proximal
se recolectd en una bolsa estéril y se reinfundid en el extremo
distal de la fistula. Se utilizd una férmula polimérica que se cambid
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a una formula semi-elemental en caso de intolerancia. Parame-
tros bioquimicos tales como las pruebas de funcion hepatica y
los niveles de proteina C-reactiva mejoraron significativamente
en los pacientes con fistuloclisis. Ademas, los costos, la estancia
y la mortalidad hospitalarios fueron significativamente mas bajos
y la sobrevida a 1 afio fue significativamente mayor en el grupo
de la fistuloclisis.

PREGUNTA 5: EN PACIENTES

ADULTOS CON FEC, ;LAS FORMULAS
INMUNOMODULADORAS SE ASOCIAN A
MEJORES RESULTADOS QUE LAS FORMULAS
ESTANDAR?

Recomendacion: no podemos recomendar formulas inmu-
nomoduladoras multicomponente para mejorar los resultados del
tratamiento de las FEC debido a la falta de evidencia. Sugerimos
que la administracion de glutamina por via oral, agregada a la
NP, puede mejorar la mortalidad y la tasa de cierre de las fistulas.

Calidad de la evidencia: muy baja.

Razonamiento: 10s nutrimentos inmunomoduladores se han
utilizado y recomendado para varias afecciones cuyas compli-
caciones, entre ellas la fuga de la anastomosis, comprenden el
desarrollo de una FEC, incluyendo el traumatismo abdominal y la
cirugia abdominal electiva. Sin embargo, en el contexto del trata-
miento de la FEC, solo 1 estudio inform¢ del uso de glutamina oral
agregada al manejo con NP. Ningun nutriente inmunomodulador,
como la arginina, los acidos grasos w-3 o los nucledtidos, se ha
evaluado en el manejo de las FEC. La glutamina es un aminodcido
condicionalmente esencial y que sirve de sustrato para enteroci-
tos y linfocitos. La suplementacion con glutamina puede mejorar
la produccion de IgA secretora en la mucosa intestinal. Hipotéti-
camente, la glutamina puede contribuir al cierre de la fistula por
mejorar el trofismo de la mucosa intestinal y la respuesta inmu-
noldgica. Sin embargo, la eliminacion de glutamina es limitada
en los pacientes con sepsis o insuficiencia renal o hepatica, con
riesgo potencial de toxicidad.

Un estudio retrospectivo y observacional incluy6 28 pacien-
tes adultos con fistula enterocutanea de intestino delgado de
alto gasto, sin evidencia de sepsis, ni de insuficiencia renal o
hepatica; de ellos, 9 pacientes recibieron glutamina oral (0,3 g/
kg/d) ademas de NP, y los otros 19 pacientes (2 afios antes)
recibieron solo NP (Tabla suplementaria S5) (16). El grupo con
NP mas glutamina oral presentd menor mortalidad y menor
tiempo de estancia hospitalaria en comparacion con el grupo
al que solo se administrd NP. El andlisis univariado identificd
la desnutricion (por VGS), la albumina sérica baja y el uso de
glutamina oral como factores prondsticos asociados a la mor-
talidad y el cierre de la fistula. El andlisis de regresion logistica
multivariado demostrd una mayor tasa de cierres de fistula en
los pacientes que recibieron glutamina oral, con una razén de
momios (OR) de 13,2 (intervalo de confianza [IC] del 95 %, 1,1-
160,5; p = 0,04), y en los pacientes no desnutridos (OR, 15,4;
IC 95 %: 1,1-215,5; p=0,04).
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PREGUNTA 6: EN LOS PACIENTES ADULTOS
CON FEC, ¢(EL USO DE SOMATOSTATINA O
SUS ANALOGOS PROPORCIONA MEJORES
RESULTADOS QUE EL TRATAMIENTO MEDICO
ESTANDAR?

Recomendacion: recomendamos el uso de analogos de la
somatostatina en los pacientes adultos con FEC de alto gasto
(> 500 ml/d) como método para reducir el gasto de efluentes y
mejorar la tasa de cierre espontaneo.

Calidad de la evidencia: moderada.

Razonamiento:1a somatostatina y sus analogos se han utiliza-
do para tratar fistulas gastrointestinales (Gl) y pancredticas debido
a su capacidad de inhibir la liberacion y los efectos secretores
de una gran variedad de hormonas Gl, asi como de aumentar la
absorcion de agua y electrdlitos, prolongando el tiempo de transito
intestinal (35). El efecto general que se pretende es reducir el
volumen de las secreciones Gl como método para reducir el gasto
de la fistula y promover de tal modo su cierre espontaneo. Seis
ensayos aleatorios controlados (EAC) y 5 estudios observacionales
cumplieron con nuestros criterios de inclusion para evaluar el uso
de la somatostatina o sus analogos (octredtida, lanredtida) en
pacientes adultos con FEC. El grupo de tratamiento recibio por lo
general una infusion continua de 250 mcg/h de somatostatina o
100 mcg de octredtida por via subcutanea 3 veces al dia durante

J. |. Diaz-Pizarro Graf et al.

10-20 dias, o lanredtida 30 mg intramuscular cada 10 dias. No
se encontraron estudios que utilizaran la octredtida de deposito
(accion prolongada) o la octredtida afadida a la mezcla de NP. Se
proporciond el tratamiento médico estandar de la FEC a todos
los pacientes (grupos experimental y de control), que a menudo
incorporan la NP, pero la via y los detalles del aporte nutricional
no se describieron sistematicamente.

Hemos confiado en los datos reportados por los EAC sobre
el uso de la somatostatina 0 sus analogos para el tratamiento
de FEC (Tabla suplementaria S6) (27,36-40). De estos ensayos
comparables, que fueron descritos originalmente como aleatorios,
solo 3 de 6 fueron cegados con respecto al tratamiento y solo 2
de ellos utilizaron un analisis por intencion de tratar. La calidad de
la evidencia se redujo de alta a moderada con base en el riesgo
de sesgo. Realizamos un metaanalisis de 3 EAC que cumplieron
con nuestros criterios de inclusion, el cual mostré una reduccion
significativa del gasto de la fistula con el uso de la somatostatina
0 sus analogos, al compararlos con los controles (diferencia pon-
derada promedio [Weighted Mean Difference - WMD], 21,13 %;
IC 95 %, 6,51-35,75; p=0,005) (Fig. 3). Realizamos también un
metaanalisis de 6 EAC que cumplieron con nuestros criterios de
inclusion, el cual mostrd una mayor probabilidad de cierre espon-
taneo (no quirdrgico) de la fistula al agregar somatostatina o sus
analogos frente a la atencion médica estandar (razén de momios
[OR], 2,82,1C 95 %, 1,77-4,51; p < 0,0001) (Fig. 4). Un dltimo

Test for overall effect: Z= 2.83 (P = 0.005)

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gayral, 2009 397 6812 54 394 6778 53 225% 35.76[10.01,61.51] —
Haffejee, 2004 82 g 10 60 14 20 61.0% 22.00([14.11,29.89] R
Sancho, 1995 66 43 14 63 47 17 16.5% -2.00[33.73,29.73]
Total (95% Cl) 78 90 100.0% 21.13[6.51, 35.75] <>
Heterogeneity: Tau®=74.97, Chi*=3.29, df=2 (P=0.19), F= 38%

00 -50 0 50 100
Favors Standard Care Favors Somatostatin

Figura 3.

Reduccion del gasto de las fistulas enterocutaneas en ensayos aleatorios controlados que comparan la somatostatina o analogos de la somatostatina

con el cuidado estandar (IV: varianza inversa).

Somatostatin Analogs Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gayral, 2009 35 54 20 53 33.8% 3.04[1.38, 6.68] —
Haffejee, 2004 g 10 7 20 4.4% 7.43[1.23 45.01] e —
Hernandez Aranda, 1996 30 40 30 45 33.6% 1.50 [0.58, 3.87) — T
Leandros, 2004 27 36 4 15  B.7% 8.25([2.10,32.49) EEEEEe—
Sancho, 1995 g 14 B 17 11.1%  2.44[0.57,10.45] I B —
Torres, 1992 17 20 13 16 10.3% 1.31[0.23, 7.57) I e —
Total (95% CI) 174 166 100.0% 2.82[1.77,4.51] ‘
Total events 125 80
Heterogeneity: Chi*=5.98, df= 5 (P =0.31); F=16% 0 505 0’2 é an
Test for overall effect: Z= 4.34 (P < 0.0001) : Favoré Control Favors Somatostatin

Figura 4.

Tasa de cierre espontaneo de las fistulas enterocutaneas en los ensayos aleatorios controlados que comparan la somatostatina o analogos de la soma-

tostatina con el cuidado estandar (M-H: método de Mantel-Haenszel).
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Somatostatin Analog Control

Mean Difference Mean Difference

Test for overall effect: Z= 3.93 (P < 0.0001)

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hernandez Aranda, 1996 18 11 30 27 15 30 23.4% -9.00[-15.66,-2.34] —
Leandros, 2004 10.3 7.5 16 16 5.3 4 256% -5.70[12.06,0.66] — =
Sancho, 1995 7 3 g 12 7 6 29.0% -500[10.97 0497] ——
Torres, 1992 13.86 6.63 13 204 1229 17 220% -6.54[-13.40,032] —

Total (95% CI) 67 57 100.0% -6.45[-9.67,-3.23] <&
Heterogeneity: Chi*=0.84, df=3 (P =0.84); F=0%

20 -0 0 10 20
Favors Somatostatin Favors Control

Figura 5.

Tiempo para el cierre espontaneo de las fistulas enterocutdneas en los ensayos aleatorios controlados que comparan la somatostatina o andlogos de la
somatostatina ademas de la nutricién parenteral frente a la nutricion parenteral sola (IV: varianza inversa).

metaanalisis de 4 EAC que cumplieron con nuestros criterios de
inclusion mostro una reduccion del tiempo para lograr el cierre
de la fistula a favor de los andlogos de la somatostatina, con una
diferencia ponderada promedio = —6,45 dias (IC 95 %, —9,67
a —3,23) (Fig. 5). El tiempo de estancia hospitalaria, los costos y
las tasas de complicaciones no se informaron sistematicamente
en estos ensayos, por lo que no pudieron incluirse en nuestros
metaanalisis.

Aunque el uso de analogos de somatostatina se ha tolerado
generalmente bien, su efecto fisiologico sobre las hormonas
gastrointestinales puede incluir un aumento del riesgo de
estasis biliar, colelitiasis, disfuncion hepatica, hipoglucemia
e hiperglucemia. También se han reportado trastornos gas-
trointestinales como diarrea, nauseas y malestar abdominal
(35). Se recomienda vigilar las cifras de glucosa, y sus varia-
ciones deben tratarse. La via subcutanea de administracion
se ha asociado a dolor en el sitio de inyeccion; asi mismo,
la frecuencia de la dosis, cada 8 horas, puede resultar dificil
para los pacientes con manejo domiciliario. Por Ultimo, el cos-
to economico significativo y los desafios para su reembolso
constituyen una barrera mas para el uso de los andlogos de la
somatostatina. Se sugiere un enfoque selectivo para determi-
nar el uso apropiado de los analogos de la somatostatina en
los pacientes con FEC. Los pacientes con FEC de gasto alto
(> 500 mil/d) tienen mas probabilidades de beneficiarse de
sus efectos, debido al impacto de una reduccion del 20 % del
gasto de la fistula en comparacion con los pacientes con fis-
tulas de bajo gasto. Puede realizarse una prueba con el fin de
evaluar la eficacia de los andlogos de la somatostatina para el
cierre de la fistula; la duracion adecuada de esta prueba parece
ser de entre 10 y 20 dias segun los EAC disponibles, aunque
algunos reportan menos dias para lograr una reduccion del
volumen de gasto de la fistula. El uso de la somatostatina ha
demostrado mejorar la tasa de cierre espontaneo (no quirdr-
gico) de la fistula y también se anticipa que la reduccion del
volumen de gasto por la fistula podria mejorar la capacidad
de lograr el equilibrio hidroelectrolitico, facilitar el manejo de
las bolsas de ostomia y, en general, hacer mas facil el manejo
domiciliario de los pacientes con FEC.
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PREGUNTA 7: EN LOS PACIENTES ADULTOS
CON FEC, ({CUANDO ESTA INDICADA LA
TERAPIA DE NUTRICION PARENTERAL
DOMICILIARIA (NPD)?

Recomendacion: basandonos en el consenso de expertos
sugerimos considerar la nutricion parenteral domiciliaria (NPD)
cuando el paciente esté médicamente estable y el gasto de la
fistula sea manejable, asi como en los pacientes con fistulas de
alto gasto (> 500 ml/d) cuya reparacion quirtrgica ain no se
recomiende.

Calidad de la evidencia: basada Unicamente en el consenso,
debido a que no hay evidencia reciente disponible.

Razonamiento: |os pacientes con FEC de alto gasto comien-
zan a menudo con NP durante la hospitalizacion, como parte
de una estrategia para estabilizar el equilibrio hidrico y nutri-
cional, permitiendo la maduracion del trayecto fistuloso. Una
vez estables, los pacientes con gasto por la fistula manejable
y una adecuada proteccion de la piel, pueden ser considerados
para su egreso a un ambiente domiciliario ya que necesitaran de
un periodo de tiempo prolongado para mejorar sus condiciones
antes de un procedimiento quirtrgico definitivo. Los pacientes
con fistulas de bajo gasto (< 500 mL/d) pueden tolerar dieta por
via oral o Nutricion Enteral sin exacerbar el gasto de la fistula,
como se sefald en la pregunta 2. A finales de la década de 1970
comenzaron a aparecer reportes de caso sobre el uso de NPD en
pacientes con FEC. (41) (Tabla Suplementaria S7). Una serie de
casos mas reciente describe una estancia hospitalaria promedio
de 20 dias antes del alta del hospital, seguida de un periodo de 75
dias (promedio) con NPD en 15 pacientes, 5 de los cuales tenian
FEC.(42) En dicha serie, los pacientes expresaron su preferencia
por la NPD sobre la NP en el hospital, con menos estrés familiar
y mayor oportunidad de disfrutar de un entorno familiar. En una
serie de casos mas grande en el Reino Unido, se administrd NPD a
143 pacientes con FEC durante un promedio de 5 semanas (ran-
go, 1-94 semanas).(43) La base de datos del Registro Nacional
de Pacientes con Cuidados Nutricionales Sustain,(44) menciona
que la indicacion para NPD fue FEC en el 19 % de los pacientes
adultos incluidos. Esta tasa es similar (10 %-36 %) a las tasas
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reportadas por otros registros internacionales de NPD (45-48).
Aunque estos estudios no mencionan resultados clinicos en una
manera similar o comparan la NPD con otras formas de terapia
nutricional (que permitieran hacer un andlisis de resultados), si
hacen evidente que la NPD es factible, siempre que existan ser-
vicios que provean NPD.

AREAS DE INVESTIGACION FUTURA

La evidencia respecto al manejo nutricional dptimo en pacien-
tes adultos con FEC es limitada. Solo 1 de 7 recomendaciones
creadas para esta guia clinica se basa en ensayos aleatorios
controlados. La naturaleza polifacética de la condicion y la
heterogeneidad de la poblacion generan desafios para disefiar
estudios. Es dificil lograr estudios con adecuado poder estadis-
tico y requieren de colaboracidon multicéntrica. Gran parte de
nuestra practica actual se basa en estudios clinicos realizados
hace mas de 20 afios, previos a la epidemia de obesidad y de
las indicaciones mas conservadoras respecto a requerimientos
energéticos, al control agresivo de la glucosa y a los protoco-
los para minimizar infecciones de accesos venosos centrales y
complicaciones. Es claro que la investigacion adicional dirigida
a optimizar el manejo nutricional de pacientes con FEC esta
garantizada.

Es necesario realizar investigacion especifica que permita esta-
blecer los requerimientos de proteina y energia en pacientes con
FEC, incluyendo la forma de facilitar la pérdida de peso controlada
en pacientes obesos. Las siguientes, son preguntas adicionales
que también deben ser contestadas:

— ¢Como influye la anatomia y la ubicacion de la FEC en los
requerimientos nutricionales y en la ruta 6ptima para admi-
nistrar la terapia nutricional?

— ;Qué estrategias son efectivas para optimizar el uso de
nutricion enteral, asi como el uso de fistuloclisis?

— ¢ Qué aporte de energia y proteina es el mas efectivo en
términos de tratamiento de la FEC? ;Dichos requerimientos
varian en pacientes desnutridos o en obesos?

— ¢+ Qué pacientes se benefician del reposo intestinal como
método para controlar el gasto por la fistula y permitir su
cierre?

— ¢Es compatible y efectiva la somatostatina cuando se admi-
nistra como componente de la mezcla de NP?

— ¢Es efectiva la administracion de nutrimentos inmuno-mo-
duladores en el manejo de fistulas entero-cutaneas?
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El prof. De Luis, ademas de ser un referente nacional e inter-
nacional en el campo del Metabolismo y la Nutricion, se embarco
desde hace unos afios en divulgar el conocimiento nutricional.
“Nutricion para todos los publicos” podia ser el lema de su aventu-
ra. Bajo el auspicio de la Universidad de Valladolid, que publica esta
obra, da continuidad a la tarea que comenzd con su obra anterior
(21 consejos nutricionales para vivir sanos), de la que ya dimos
rendida cuenta en sumomento en la revista Nutricion Hospitalaria.

Por grupos de alimentos (verduras, legumbres, carnes y embu-
tidos, pescados, frutas, frutos secos, lacteos, bebidas y otros ali-
mentos), y siguiendo el orden alfabético dentro de cada grupo
(desde la acelga hasta la sal), repasa las caracteristicas nutricio-
nales de cada uno de ellos de una forma sencilla, que culmina
con una recomendacion de empleo en determinadas situaciones
clinicas (p. ej. para el ajo: “por sus beneficios cardiovasculares,
al disminuir el colesterol malo y las cifras de tension arterial). En
un momento en el que se habla mucho de los alimentos y de la
alimentacion, muchas veces con mensajes poco claros cuando
no contradictorios o, con frecuencia incluso alarmantes, disponer
de un texto sencillo y fiable es un privilegio tanto para los que
debemos dar un consejo nutricional como para las personas que
los requieren. El texto se acompania de un anexo en el que pro-
porcionan los valores nutricionales de cada uno de los alimentos:
valor calérico, contenido en macronutrientes, en vitaminas y mine-
rales por cada 100 gramos de alimento en crudo. Termina con
un brevisimo ejemplo de lo que constituiria un menu equilibrado.

¢Por qué 101 alimentos? La respuesta ha de darla sin duda
el autor, pero me voy a permitir la licencia de pensar de que

en su animo esta
que alimentarse
bien no es solo
tomar un ndme-
ro de alimentos
saludables, sino
hacerlos de una
forma adecuada y
combinada, y en el
entorno cultural de
comida compar-
tida, de mesa en TN .
comun. Ahora que —
las circunstancias N
obligan a una cier-  [SRETRG SR 4

. PV ek Wil See
ta distancia fisica
entre las personas,
icomo aforamos
compartir la mesal!
El profesor De Luis usa un vocabulario asequible y sencillo y, como
buena licencia literaria, le ha puesto un “apellido” a cada alimento.
Asi, mientras los berros son las verduras de los riachuelos, el
bacalao es el pescado de Castilla y Leon o la frambuesa es el
antioxidante de nuestros bosques.

Aunque el autor no lo diga, junto a ese afan divulgador (el bien
es difusivo de suyo), los beneficios destinados con la venta del
libro se destinan a fines benéficos (ONG dedicadas a prevenir la
desnutricion infantil). No solo hace cultura, hace el bien.

Solo me queda animarles a que compren el libro, lo lean, lo
disfruten, jy lo lleven a la practica!
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