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Utilidad de las herramientas digitales en nutricion
Utility of diigital tools in nutrition

El uso de herramientas digitales como APP o aplicaciones web en el mundo sanitario se ha generalizado
debido a la necesidad de disponer de la mayor cantidad de informacion objetiva y contrastada durante el trabajo
diario y asi mejorar los resultados en salud de las personas atendidas (1). Este uso también esta generalizandose
en el ambito de la atencion nutricional.

La atencion nutricional es un campo multidisciplinar, por lo que el trabajo colaborativo entre los distintos pro-
fesionales (médicos, nutricionistas, farmacéuticos y enfermeria) con el objetivo de desarrollar herramientas digi-
tales on-line de caracter independiente, ayudan a proporcionar una informacion veraz, adecuada y actualizada
sobre diferentes ambitos relacionados con la nutricion (desde la administracion de medicamentos por sonday su
compatibilidad con la nutricion enteral como Medisonda® /[2], la administracion de medicamentos en pacientes
con problemas de deglucion y su compatibilidad con espesantes como Deglufarm® [3] o la aplicacion web de
consulta de medicamentos que afectan al estado nutricional como Medynut [4], entre otras).

La nutricion artificial es una parte importante de la atencion nutricional, utilizandose la misma cuando el resto
de intervenciones nutricionales no han sido efectivas o no es posible la alimentacion oral. No obstante, el nimero
de presentaciones y complejidad de los productos dedicados a la nutricion enteral y al soporte nutricional oral ha
crecido exponencialmente en los Ultimos afnos, lo que hace mas necesario que nunca disponer de herramientas
(a ser posible digitales) que unifiquen toda la informacion disponible para realizar un analisis completo de las
opciones nutricionales mas adecuadas para cada persona y condicion clinica.

La aplicacion NEmecum (5), que Se presenta en este nimero de la revista Nutricion Hospitalaria, es un buen
gjemplo de este tipo de herramientas, ya que proporciona informacion ordenada y estructurada sobre los pro-
ductos de nutricion enteral, soporte nutricional oral y formulas infantiles de una manera fécil, agil, intuitiva y que
puede consultarse en cualquier momento mediante dispositivos moviles lo que le otorga una gran versatilidad.
Podemos decir que sigue el camino de publicaciones en papel como el Vademécum de nutricion artificial cuya
Ultima edicion se publico en el afio 2010 (6) y que resultaba de gran utilidad para los profesionales sanitarios.
El desarrollo de esta herramienta digital permite la comparacion entre los diferentes productos disponibles y la
realizacion de intercambios terapéuticos de productos nutricionales en caso de desabastecimiento, facilitando
una busqueda global e independiente de este tipo de formulas.

Dicha aplicacion proporciona ademas informacion sobre los distintos alérgenos que contiene cada producto,
lo que resulta de gran utilidad debido al aumento del nimero de personas con alergias alimentarias. Ademas,
permite buscar si existen diferentes consistencias y texturas entre los productos nutricionales consultados y
poder seleccionar el mas adecuado segun la capacidad de deglucion de los pacientes.

Estas iniciativas deben mantenerse en el tiempo, ampliando la informacion disponible de cada producto nu-
tricional e incorporando aspectos como el tipo de macronutrientes utilizados (por ejemplo, fuente de proteinas,
fuente lipidica o tipo de fibra utilizada), cantidades de micronutrientes que contiene cada formula, asi como todos
aquellos aspectos que pueden condicionar la seleccion de la formula mas idonea para cada persona como la
relacion w3-w6, porcentaje de grasas monoinsaturadas, poliinsaturadas y saturadas o los tipos de azlcares
utilizados en cada formula, permitiendo asi una atencion nutricional centrada en la persona y cada vez mas
individualizada.

©Copyright 2023 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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Son necesarias mas herramientas digitales independientes, dirigidas a mejorar la atencion nutricional de los

pacientes y que ayuden a los profesionales implicados en el ambito de la nutricion a la toma de las mejores
decisiones terapéuticas y nutricionales.
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Experience with the management of patients requiring home enteral nutrition
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Abstract

Introduction: enteral nutrition is an effective method for restoring the nutritional status in patients unable to eat or fulfil nutritional requirements
orally.

Objectives: the ECONES study aimed to describe the treatment of patients requiring home enteral nutrition (HEN) in routine practice and the
experience of specialists with the high-protein hypercaloric formula 2.0 with fiber IS50 (HP/HC 2.0).

Methods: Spanish specialists answered a 38-questions survey about their last six patients with HEN and their treatment with HP/HC 2.0 formula.

Results: the formulas were chosen based on the patients’ requirements. HP/HC 2.0 was administered in a mean of 31.5 % of patients, and for
a mean of 42.2 % of those, it was selected since the beginning of treatment. According to 92.4 % of specialists, the HP/HC 2.0 was considered
as adequate based on nutritional requirements. Among adverse reactions, specialists reported diarrhea, bloating and constipation. Specialists
Keywords: reported that caregivers (90.6 %) stated that HP/HC 2.0 was well tolerated by patients (90.6 %) and expressed comfort with the frequency
- " (75.3 %) and administration time (82.9 %).
Enteral nutrition. Nutritional

status. Enteral formula. Conclusions: according to the specialists, formulas are chosen based on patients’ characteristics. Patients with high nutritional needs benefit
High-protein. Quality of life.  from the HP/HC 2.0 formula as it allows volume restriction, presents few adverse events, and improves the quality of life of the patients.
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Resumen

Introduccion: la nutricion enteral es un método eficaz para restaurar el estado nutricional en pacientes que no pueden comer o satisfacer los
requerimientos nutricionales por via oral.

Objetivos: el estudio ECONES tuvo como objetivo describir el tratamiento de pacientes que requieren nutricién enteral domiciliaria (NED) en la
préctica habitual y la experiencia de especialistas con la formula hipercalérica hiperproteica 2.0 con fibra IS50 (HP/HC 2.0).

Métodos: los especialistas espafioles respondieron a un cuestionario de 38 preguntas sobre sus Ultimos seis pacientes con NED y su tratamiento
con formula HP/HC 2.0.

Resultados: las formulas fueron elegidas en funcion de los requerimientos de los pacientes. Se administré HP/HC 2.0 en una media del 31,5 %
de los pacientes, y se selecciono desde el inicio del tratamiento para una media del 42,2 %. Segun el 92,4 % de los especialistas, se considerd
la HP/HC 2.0 adecuada en funcion de las necesidades nutricionales. Entre los acontecimientos adversos, destacaron la diarrea, hinchazon y
estrefiimiento. Los especialistas indicaron que los cuidadores (90,6 %) afirmaron que la HP/HC 2.0 fue bien tolerada por los pacientes (90,6 %)
y expresaron comodidad con la frecuencia (75,3 %) y con el tiempo de administracion (82,9 %).

Conclusiones: segln los especialistas, las formulas se eligen en funcion de las caracteristicas de los pacientes. Los pacientes con altas
necesidades nutricionales se benefician de la formula HP/HC 2.0, ya que permite la restriccion de volumen, presenta pocos acontecimientos
adversos y mejora la calidad de vida de los pacientes.

INTRODUCTION

The effects of malnutrition on chronic diseases are significant,
leading to prolonged hospital stays and higher healthcare costs
because of increased morbidity and mortality (1). Enteral nutrition
(EN), defined as the digestive administration of formulas or blen-
derized food through a feeding tube to the stomach or intestine,
is an effective medical procedure to fulfil nutritional requirements
for patients unable eat or to reach them orally (2). EN is effective
in reducing malnutrition and restoring patients’ nutritional status,
improving their quality of life (QoL). According to the European So-
ciety for Clinical Nutrition and Metabolism (ESPEN) guideline, the
main indications of EN include swallowing disorders because of
neurological diseases and obstruction due to malignancies (3,4).

EN can be initiated during a hospital stay or, occasionally, in
outpatients, and continued at home or another community set-
ting. Home enteral nutrition (HEN) reduces hospitalization pe-
riods for patients requiring tube feeding support, reducing the
probability of infections and healthcare costs (5-7). Moreover,
HEN facilitates functional patients to live at home surrounded by
their social environment and improves their QoL (8,9). HEN is
also recommended when there is no effective treatment for the
underlying condition, considering all related ethical aspects (3).
Nevertheless, HEN should always meet the patients’ nutrition-
al requirements, and the access devices should be adapted to
the patient’s situation. Since their first introduction in the 1940s,
ready-made formulas have provided all macro and micronutri-
ents required, with different formulations available to adapt the
treatment to the patient’s needs (3,10).

Given the increase of HEN administration during the last de-
cades, parallel to the increase in the incidence of chronic diseas-
es, a registry of the treatment conditions would allow to analyze
the differences between countries and the impact on their health
systems. In the United States, the estimated prevalence of HEN
administration increased from 597 patients per million in 1992
t0 1,382 in 2013 (11), while in Europe, the prevalence was esti-
mated to be lower (163 patients/million in 1998) (12), with sub-
stantial differences between countries.

In Spain, the HEN voluntary registry of NADYA-SENPE (13) has
shown an increase in HEN prevalence since 1994, stabilizing over the

last five years at around 100 patients/million inhabitants. However,
some regional studies estimated HEN prevalence to be higher (14-
17). The most common causes of HEN are neurological diseases,
and the preferred administration method is gastrostomy (13).

Several studies were focused on the role of HEN in different
clinical scenarios and its impact on QoL (18), but the evidence
focused on the components of enteral formulas and patients’
and specialists’ preferences are limited (19,20). Detailed know!-
edge of the patient profile requiring each formula could improve
adherence to treatment and patient satisfaction. The goal of the
ECONES study was to describe the treatment of patients requir-
ing HEN in routine clinical practice and the experience with the
high-protein hypercaloric formula 2.0 with fiber IS50 (HP/HC 2.0)
from the specialists’ perspective.

METHODS

ECONES was a multicenter ecological study. The source of
aggregated data was the knowledge and experience of special-
ists with experience treating patients with home enteral nutrition
(HEN) and HP/HC 2.0 formula. The data were collected through
an on-line survey. Given the ecological nature of the study, no
data were extracted from clinical charts, and all treatments were
prescribed following routine clinical practice and were not altered
by the participation of the specialists in the study.

This study was conducted at hospitals in Spain and approved
by the Ethics Committee of the Hospital Clinico San Carlos (Ma-
drid, Spain).

SURVEY AND DATA COLLECTION

The survey was composed of 38 questions and answered by
specialists between August 2021 and February 2022. Six ques-
tions were oriented to collect information about the specialists,
12 questions aimed to characterize the last six patients with HEN and
20 were about the percentage of patients treated with high-protein
hypercaloric 2.0 with fiber IS50 (HP/HC 2.0) (Isosource® 2.0 Protein
Fiber, Nestlé Health Science) enteral formula (Table 1) at home.

[Nutr Hosp 2023;40(5):911-918]
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Table I. High-protein hypercaloric 2.0 formula with fiber IS50 nutritional information

—— - - . 5 -

High-protein hypercalorlc.: 2.0 formu’la with flbe.r IS50 (Isosource® 2.0 Protein 100 ml 500 mi
Fiber, Nestlé Health Science)

Energy Ki/Kcal | 849/203 | 4,245/1,015

Proteins (20 % kcal)

85 % caseinate, 15 % whey g 10 50

Lipids (38 % kcal) g 8,5 42

Carbohydrates (40 % kcal)

100 % maltodextrin g 205 102

Dietary fiber (2 % kcal) 5 10

IS50%: 50 % soluble (20 % fructooligosaccharide, 20 % acacia gum, 10 % inulin) and 50 % insoluble (pea fiber) g

Osmolarity mOsm/I 395

STATISTICAL CONSIDERATIONS

A descriptive analysis of the responses was performed. Fre-
quencies of qualitative variables were calculated and present-
ed as percentages. For questions referring to the frequency
of patients reported by the participants, mean and standard
deviation (SD) were calculated. The statistical analyses were
performed with the Statistical Package for the Social Sciences
(SPSS) version 28.01.1 (SPSS Inc., Chicago, USA).

RESULTS

CHARACTERISTICS OF THE SPECIALISTS

The survey was answered by 82 specialists from different
regions in Spain (Annex 1). Most specialists participating in the
study had more than five years of experience (65.8 % had 6-
19 years of experience and 21.9 % had more than 20 years of
experience). Fifty-eight were specialized in Endocrinology and
Nutrition, eight in Internal Medicine and six in other specialties
(n=71). During the last month, the specialists (7 = 81) treat-
ed a mean of 27.5 (25.9) patients with enteral tube feeding.
Of those, a mean of 17.1 patients were hospitalized, while
9.9 were at home. The average duration of HEN was 9.6 (8.6)
months.

PATIENTS TREATED WITH HOME ENTERAL
NUTRITION

Most patients treated with HEN were older than 50 years,
and a mean of 52.6 % (25.7) were male (Table Il). A mean of
63.4 % (30.6) of patients required caregiver help. According to
the specialists, the main reason for starting HEN was the inability
to ingest orally, for a mean of 78.6 % (23.9) of patients (Table II).

The inability to ingest orally in patients treated with HEN was
primarily caused by mechanical swallowing disorders produced

[Nutr Hosp 2023;40(5):911-918]

Table Il. Patients’ characteristics

Mean (SD), %

Age (n = 76)

18-29 years 1.83 (5.22)

30-49 years 6.97 (9.23)

50-69 years 36.92 (24.3)

70-89 years 46.08 (27.6)

> 90 years 417 (14.42)
Sex (n=79)

Male 52.64 (25.67)

Female 38.97 (23.3)
HEN causes (n = 81)

Inability to ingest 78.59 (23.94)

Malnutrition 37.27 (34.00)

Increase of requirements 17.99 (28.10)

HEN: home enteral nutrition.

by injuries, neoplasms, surgeries, or radiation therapy or by neu-
romotor swallowing disorders produced by neurological diseas-
es for all patients treated with HEN, including those treated with
HP/HC 2.0 formula (Table IIl).

When asked about the HEN administration method, the spe-
cialists claimed that it was mainly delivered by bolus, mostly
through a syringe, and through gastrostomy (Table ll). More-
over, in those patients treated with HP/HC 2.0 formula, the
mean daily volume of EN was 935 (366.5) ml. On average,
specialists recommended a mean daily volume of 1,033.8
(363.3) ml of water.

In addition, the specialists chose different formulas based on
the patients’ requirements, administering a high-protein hyper-
caloric polymeric < 2.0 kcal/ml formula to a mean of 44.1 % of
patients and HP/HC 2.0 to 31.5 % (Table IV). These were sup-
plemented with different volumes of water, being 1,094.4 ml
recommended for hypercaloric 2.0 formulas (Table IV).
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Table lll. Indication and administration of HEN

Overall

Mean (SD), %

HC/HP 2.0

Mean (SD), %

Indication (n = 79)

Mechanical swallowing disorders produced by injuries, neoplasms, surgeries or radiation therapy 48.64 (28.67) 53.09 (37.52)
Neuromotor swallowing disorders produced by neurological diseases 38.29 (256.31) 32.05 (34.25)
Acute or chronic conditions associated with increased metabolic demand 8.07 (16.42) 8.83 (22.20)
Malabsorption syndrome secondary to intestinal, hepatic or pancreatic disease 3.29 (6.61) 3.67 (15.44)
Refusal of intake secondary to psychiatric illnesses 2.82(9.71) 3.49 (16.39)
Administration method

Syringe 59.64 (39.35)* 57.13 (44.06)

Gravity 27.71 (36.11) 25.10 (38.98)

Pump 12.60 (17.26) 14.18 (29.23)*
Type of tube

Nasogastric/nasoenteric 37.18 (32.89)f 34.51 (40.02)*

Gastrostomy 62.67 (33.10) 57.97 (41.63)*
Infusion form

Bolus 83.62 (23.33)* 81.16 (32.43)t

Continuous 15.10 (21.36)* 15.06 (28.80)"

*n=280; 'n=78; *n=79. HEN: home enteral nutrition.

Table IV. Formulas, water recommendations and administration of HEN (n = 80)

Mean (SD), %

Type of formula
Polymeric high-protein hypercaloric < 2.0 kcal/I*
Polymeric high-protein hypercaloric 2.0 with IS50 fiber
Polymeric normoproteic and normocaloric
Polymeric normoproteic hypercaloric
Other

44.14 (25.43)
31.55 (25.04)
9.1 (16.95)
8.94 (16.19)
9.33(19.33)

Recommended water volume™ (m)
Hypercaloric 2.0 kcal/ml formulas
Hypercaloric 1.5 kcal/ml formulas

Normocaloric formulas

1,094.43 (367.83)
992.73 (371.44)
771.27 (558.39)

High-protein: > 18 %, hypercaloric: > 1.1 kcal/ml. *n = 79. HEN: home enteral nutrition.

EXPERIENCE WITH HIGH-PROTEIN
HYPERCALORIC FORMULA WITH FIBRE IS50
(HP/HC 2.0)

Specialists highlighted that the administration of HP/HC 2.0
was prescribed since the beginning of treatment for 42.2 % of pa-
tients. This formula was chosen because of the nutritional require-

ments increase (for a mean of 49.1 % [40.3] of patients), volume
restriction (36.2 % [36.2]), fewer bolus administration (28.8 %
[34.6]) or because of bronchial aspiration risk, reducing the nutri-
tion volume in the stomach and gastric residual volume (12.2 %
[28.2]). According to the specialists, most patients (89.8 % [23.4])
reached at least 75 % of the prescribed intake, and most patients
(81.4 % [29.0]) improved their nutritional status.
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The HP/HC 2.0 was also considered to be adequate based
on the caloric and protein requirements according to 92.4 %
of specialists, while 6.3 % considered it partially adequate
and 1.2 % did not have the opportunity to prescribe it. More-
over, 93.7 % of specialists claimed that the HP/HC 2.0 formu-
la was adaptable to patients’ comorbidities.

According to the specialists, a mean of 48 % of patients
treated with the HP/HC 2.0 formula was in good health sta-
tus, and improvements were observed in social relationships
(31.2 %), mood (41.2 %), and physical status (66.3 %).

SATISFACTION AND SAFETY

Specialists claimed that most caregivers (90.6 %) said that
the HP/HC 2.0 was well tolerated by patients and that pa-
tients (or their caregivers) felt comfortable with the adminis-
tration frequency (82.9 %) and administration time (75.3 %),
feeling 78.7 % comfortable with the formula packaging char-
acteristics.

915

The most common adverse events, according to the spe-
cialists, were diarrhea, bloating and constipation, being pres-
entin a median of 13.2 %, 11.2 % and 9.6 % of patients with
any HEN and 6.6 %, 8.75 % and 6.3 % of patients treated
with HP/HC 2.0, respectively. All reported adverse events are
recorded in figure 1.

DISCUSSION

The ECONES study presents the perspective of Spanish
specialists on using HEN in different situations and their ex-
perience with different available formulas, with 82 specialists
providing aggregated information about their last six patients,
which provides a perspective of the current routine clinical
practice in Spain. Moreover, given its novelty, this is the first
description of the experience with the HP/HC 2.0 with fiber
IS50 formula tube feeding in Spain, yielding useful insights on
how this formula is being used in real-world clinical practice.

Water loading
Dumping
Dehydration

Electrolyte disorder

Pneumonia by aspiration

Vomits

Tube obstruction

Regurgitation

Constipation

Bloating
Diarrhoea
0 5 10 15 20 25 30
. . S - Tube " Pneumonia Electrolyte . Water
Diarrhoea Bloating Constipation | Regurgitation obstruction Vomits by aspiration disorder Dehydration Dumping loading
HP/HC 2.0 6.57 8.75 6.27 4.56 1.59 2.76 1.41 1.64 1.29 0.37 0.65
M Overall 13.25 11.22 9.62 7.18 5.09 3.45 2.6 1.52 1.27 0.7 0.6
Percentage of patients
Figure 1.

Adverse events (AES) (n = 79). Mean percentage of patients with AEs treated with HEN (dark blue) and with HP/HC 2.0 formula (gray) according to the specialists.
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The HEN increase in prevalence during the last decades
(13) has probably been related to the development of new
formulas and the improvement in administration devices, the
awareness of the importance of malnutrition, and the new
legislation (16,21). The NADYA-SENPE voluntary registry pro-
vides a picture of the HEN situation in Spain (13). Accord-
ing to their last report, the median age of HEN patients was
77.5 years in 2018 and 71 in 2019, in line with our results,
as almost half of the ECONES patients were 70-89 years old.
Similarly, in 2018-2019 around half of the NADYA-SENPE
patients were male, as in our study. The specialists of the
ECONES study claimed that more than half (63.4 %) of pa-
tients required a caregiver, as in the NADYA-SENPE registry
(54 %). These results suggest that the answers collected in
our study are aligned with previously published studies.

EN is indicated for those patients unable to fulfil nutrition
requirements orally, or for those having difficulties in the proper
transit of food from the mouth to the intestine. Patients with
neurological diseases often require enteral nutrition, given the
impairment of the neural pathways underlying swallowing ac-
tivity. Similarly, some malignancies are usually related to swal-
lowing problems. In these situations, enteral nutrition reduces
infections, hospital stays and costs (22). Neurological diseases
were the primary underlying condition according to the last
NADYA-SENPE report (13), but according to the specialists in
our study, the main indications for HEN were mechanical swal-
lowing disorders produced by injuries, neoplasms, surgeries or
radiation. These differences could be related to the selection
of specialists with experience using the HP/HC 2.0 formula.

There are different options to administer HEN. Nowadays,
nasogastric administration is recommended only for short
periods (less than four weeks), whereas gastrostomy has
become the preferred long-term administration system, as it
limits several adverse events usually recorded with nasoga-
stric tubes (2,10). Our results align with these recommen-
dations, as gastrostomy was the administration system for
most patients. Similarly, the recommendations on the mode
of administration also changed during the last decades. Al-
though according to a previous European survey (12), the
preferred mode of administration was cyclic at that time, and
bolus administration was rarely recommended as it usually
led to gastroesophageal reflux, in our study, most specialists
chose bolus for their patients, independently of the formula
used. This trend could be related to the improvement in the
devices during the last two decades, as fewer adverse events
(AEs) have been registered with intermittent administration,
and the QoL would improve, allowing the patient to resume
normal activities.

The parameters considered before prescribing HEN also
changed over time. Classic parameters such as weight loss,
body mass index and biochemical parameters (albumin, lym-
phocyte count or cholesterol) were recently complemented
by bioelectrical impedance analysis, dynamometry, muscu-
lar ultrasound, functional tests, and other parameters. These
new considerations give a new perspective on the patient’s

J. P. Sudrez Llanos et al.

nutritional status and facilitate the selection of the most suit-
able formula in each particular case (23), as shown in our
results, where different formulas were chosen based on the
patient’s needs.

Our study focused on a high-protein hypercaloric 2.0 for-
mula with fiber IS50 (HP/HC 2.0) (Isosource® 2.0 Protein Fi-
ber, Nestlé Health Science). High-protein formulas with fiber
have shown few gastrointestinal AEs, facilitating adherence
(24). Moreover, high-protein hypercaloric formulas reduce the
volume administered, which in the case of bolus adminis-
tration involves reducing the amount of boluses throughout
the day, and in the case of cyclic infusion administration,
reducing the number of hours connected to the pump and
this improving the patient’s QoL (25). It is also useful in sit-
uations with significant fluid overload, such as heart failure,
where the volume administered is an important factor in the
course of the disease (26). Another group of patients that
could benefit from this formula are those with high nutritional
requirements such as acute pancreatitis, some neoplasms,
cystic fibrosis, polytrauma or major burns (27-31). According-
ly, the main reasons for specialists’ choice of this formula in
the present study were the increased nutritional requirements
and the volume restriction.

Although adverse events are relatively frequent, they are
usually mild and can be resolved adjusting the treatment.
Based on the answers of the specialists, the most common
AEs were gastrointestinal (diarrhea, bloating and constipa-
tion), being less common in patients treated with the HP/HC
2.0 formula.

Our study presents limitations. We missed patients’ and
caregivers’ opinions, as we based our analysis on aggregat-
ed data based on the specialists’ experiences. As medical
records were not reviewed, our results are also subjected to
certain subjectivity given the potential recall bias. Although
the results of our study are in line with those presented in the
last NADYA-SENPE report (13), we cannot rule out a possi-
ble bias when selecting specialists from different regions and
specialties to participate in the study. Moreover, these results
may not represent the current situation in other countries,
especially in those where formulas are not fully reimbursed
by their health systems or where different ethical aspects on
extending life for terminal diseases may apply.

The continuous improvement in formula components and
packaging and new administration devices offer new solu-
tions to patients requiring HEN. We presented a snapshot
from the specialists’ perspective, but more studies should fol-
low to keep an updated view on the optimal treatment in each
case and to create guidelines oriented to fulfilling nutrition
requirements while minimizing the effect on patients’ QoL.

In conclusion, according to the specialists, the formulas
and the administration systems chosen constantly adapt to
new options available and are selected based on patients’
characteristics. The HP/HC 2.0 formula is used in patients
with high nutritional requirements, allowing volume restric-
tion, presenting few AEs and improving patients’ QoL.

[Nutr Hosp 2023;40(5):911-918]
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Abstract

Introduction: scientific evidence on the appropriate nutritional support in the treatment of post-operative head and neck cancer (HNC) patients
is still limited.

Objectives: our aim was to evaluate nutritional status and quality of life in HNC patients in post-operative phase with different nutritional support.

Methods: fifty-four HNC patients (26 with enteral nutrition [EN] via percutaneous endoscopic gastrostomy [PEG] and 28 with oral nutrition [ON])
were included. Nutritional status was evaluated with biochemical parameters and quality of life through the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30).

Results: ON patients reported significantly (o < 0.05) lower levels of hemoglobin, lymphocytes, iron, folic acid, and vitamin D than EN patients,
with greater percentage of ON patients found to be below the reference limits for hemoglobin (21.4 % vs 19.4 %), and significantly for serum iron
(17.9 % vs 0 %) and vitamin D (78.6 % vs 30.8 %). Furthermore, EN patients had a better quality of life (63.8 + 17.6) than ON (55.4 + 20.3),
although ON patients reported less symptoms related to dyspnea (-5.8 %), loss of appetite (-11.3 %) and vomiting (-23.1 %).

Conclusions: these results suggest that the use of EN in post-operative HNC patients could have a positive effect on the nutritional status
and quality of life of these patients. However, further research is needed to optimize the nutritional support in these patients in order to avoid
malnutrition and improve their well-being.
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Resumen

Introduccion: la evidencia cientifica sobre el soporte nutricional més apropiado en pacientes con cancer de cabeza y cuello (CCC) en el periodo
postoperatorio es adn limitada.

Obijetivos: el objetivo de este estudio fue evaluar el estado nutricional y la calidad de vida en pacientes con CCC en el periodo postoperatorio.

Métodos: se incluyeron 54 pacientes con CCC (26 con nutricion enteral [NE] mediante gastrostomia endoscdpica percutanea [PEG] y 28 con
nutricion oral NOJ). El estado nutricional se evalud mediante parametros bioquimicos y la calidad de la vida, con el cuestionario European Orga-
nization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30).

Resultados: los pacientes con NO reportaron valores significativamente (p < 0,05) menores de hemoglobina, linfocitos, hierro sérico, &cido
félico y vitamina D respecto a los pacientes con NE, con un mayor porcentaje de pacientes con NO por debajo de los limites de referencia de
hemoglobina (21,4 % vs. 19,4 %) y significativamente de hierro sérico (17,9 % vs. 0 %) y vitamina D (78,6 % vs. 30,8 %). Ademas, los pacientes
con NE reportaron una mejor calidad de vida (63,8 + 17,6) respecto los pacientes con NO (55,4 + 20,3), aunque los pacientes con NO refirieron
menos sintomas cémo disnea (-5,8 %), pérdida de apetito (-11,3 %) y vomitos (-23,1 %).

Conclusion: estos resultados sugieren que el uso de NE en pacientes con HNC tras cirugia podria tener un efecto positivo sobre su estado
nutricional y su calidad de vida. Sin embargo, es necesario seguir investigando para optimizar el soporte nutricional en estos pacientes a fin de

y cuello. evitar la desnutricion y mejorar su bienestar.

INTRODUCTION

Head and neck cancer (HNC) is a broad term that includes epi-
thelial malignancies occurring in the lip, oral cavity, pharynx, larynx,
and paranasal sinuses (1). The location of the tumor, along with oth-
er factors, including the inflammatory status or the application of
anticancer measures (e.g., surgery, radiotherapy, or chemotherapy)
exposes HNC patients to a high risk of malnutrition (2).

The available literature suggests that malnutrition is associ-
ated with worse quality of life (3-5), an essential part of cancer
treatment to maximize the patient’s sense of well-being. For this
reason, the European Organisation for Research and Treatment
of Cancer (EORTC) designed the Quality of Life Questionnaire
(EORTC QLQ-C30) as to obtain a validated tool to assess quality
of life in cancer patients, taking into consideration physical, emo-
tional, social and functional factors (6).

Despite the importance of nutritional status in HNC patients,
nutritional support according to the medical treatment of the HNC
is not always uniform or well-defined. The established guidelines
for post-operative nutrition, including the recommendations for
EN when patients are unable to achieve adequate oral intake,
mainly address the early post-operative period rather than the
months following surgical intervention. Information regarding the
use of EN in the months following surgery, especially in HNC
patients, is still limited (7).

To the best of our knowledge, no data relating the quality of life
to the type of nutritional treatment of Italian HNC patients who
underwent surgical intervention are available in the literature.
Therefore, the aim of this cross-sectional study was to evaluate
the nutritional status and the quality of life of HNC patients in the
post-operative phase undergoing different nutritional support.

MATERIALS AND METHODS

STUDY POPULATION AND NUTRITIONAL
ASSESSMENT

Fifty-four patients with HNC who underwent surgical intervention
and were referred to the Unit of Clinical Nutrition of the Careggi Uni-

versity Hospital, Florence, Italy were included in this cross-sectional
study. Written informed consent was obtained from all patients and
the local Ethics Committee approved study. All patients underwent
clinical examination, in which weight was measured with a TANI-
TA BC-410 scale and height using a stadiometer. The body mass
index (BMI) was calculated as weight (kg)/height (m?). Nutritional
biochemical parameters were assessed through conventional labo-
ratory methods. Each patient also received dietary counselling from
dietitians; total energy and protein intake were calculated according
to the 2021 European Society for Clinical Nutrition and Metabolism
(ESPEN) guidelines on clinical nutrition in cancer, which recommends
fulfilling energy requirements ranging between 25 and 30 kcal/kg/
day and protein intake above 1 g/kg/day and, if possible, up to 1.5 ¢/
kg/day. Lastly, patients answered the EORTC QLQ-C30 questionnaire
evaluating their quality of life (8).

QUALITY OF LIFE ASSESSMENT

The EORTC QLQ-C30 is a validated questionnaire used in in-
ternational clinical trials to assess the quality of life of cancer
patients. The QLQ-C30 version 3.0 is currently the standard
version of the QLQ-C30 and should be used in all new studies,
unless investigators wish to maintain compatibility with an earlier
version of the QLQ-C30 (9).

The validated questionnaire includes five functional scales, three
symptom scales, a global health status/quality of life (QoL) scale
and six single item measures. Every multi-item scale comprises a
diverse set of items, with no repetition amongst scales. All scales
and single-item measures have a score ranging from 0 to 100.
A high score for a functional scale represents a healthier level of
functioning, a high score for global health status/QoL represents
better quality of life, whereas a high score for a scale/symptom
item represents a higher presence of symptoms/problems.

STATISTICAL ANALYSIS

Statistical analysis was performed using the SPSS 28.0 Mac-
intosh program. The results are expressed for parametric data as
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mean =+ standard deviation while for non-parametric data as me-
dian and range. The Mann-Whitney test for nonparametric data
was used to compare individual groups while the Chi-squared
test was used to compare percentages. The values p < 0.05
were considered as statistically significant.

RESULTS

The study population comprised fifty-four patients (32 males;
22 females) with a median age of 69 (range: 57-77 years) years.
All participants were clinically evaluated for the nutritional sta-
tus over a median period of two months (range: 1-4) after the
surgical intervention. Mean body weight at the nutritional eval-
uation was 61.8 + 9.7 kg with a mean BMI of 22.4 + 3.2 kg/
m?, Five patients (9.3 %) were classified as underweight and
14 (25.9 %) as overweight. In terms of nutritional support, 26
patients (48.1 %) were fed through total EN, while the remaining
(n = 28) were admitted to the nutritional evaluation only with
oral nutrition (ON). ON participants received oral nutritional sup-

plements (ONS) when dietary intake did not cover all nutritional
needs. In addition, EN patients were on percutaneous endoscopic
gastrostomy (PEG), due to the estimated mean time of use.

When dividing patients by type of nutritional support (ON vs
EN) no significant differences were found for demographic and
clinical nutrition parameters (Table ). As expected, all of the un-
derweight patients were on EN.

NUTRITIONAL STATUS

Significant differences were found between ON and EN patients
for several biochemical parameters of nutrition risk (Table ).

In fact, higher levels of hemoglobin, lymphocytes, iron, folic
acid, and vitamin D levels were observed in EN patients with re-
spect to those on. A higher percentage of patients on ON were
found to be below the reference limits for hemoglobin and sig-
nificantly for serum iron and vitamin D compared to patients on
EN, indicating a better nutritional profile of patients who were
undergoing an EN support (Fig. 1).

Table I. Demographic and clinical characteristics of patients according
to the nutritional support

Oral nutrition (n = 28) Enteral nutrition (n = 26) p-value

Age, yr 67.4 (58-75) 68.8 (57-77) 0.349
Females, n (%) 12 (42.9) 10 (38.5) 0.743
Body weight, kg 63.6 £ 9.0 59.9+10.3 0.225
BMI, kg/m? 228 +3.0 220+35 0.822

Underweight, 1 (%) 5(19.2)

Normal weight, 1 (%) 20 (71.4) 15 (57.7) 0.290

Overweight, 1 (%) 8 (28.6) 6 (23.1) 0.645
*Data are reported as mean + standard deviation or number and percentage (%), as appropriate. BMI: body mass index.

Table Il. Laboratory values according to the nutritional support
Oral nutrition (n= 28) Enteral nutrition (n = 26) p-value

Hemoglobin, g/dI 128+1.2 154 +6.9 0.014
Blood white cells, 10/3/mm 6.0 + 3.1 52+13 0.533
Lymphocytes, 10A3/mm 5847 22+1.0 0.039
Serum iron, ug/dl 71.3+371 86.9 + 34.6 0.047
Serum ferritin, ng/ml 99.2 +60.8 118.8 + 88.5 0.640
Serum transferrin, mg/dl 236.1 +43.6 258.7 +58.0 0.141
Total protein, g/d! 6.6+1.2 6.8+0.6 0.602
Albumin, g/dl 54+1.7 45+13 0.089
Folic acid, g/dI 72+31 13.7+5.0 < 0.001
Vitamin B12, pmol/l 391.4 +133.9 474.4 +198.3 0171
Vitamin D, ng/ml 11.6 £8.1 27.6+10.0 < 0.001

Data are reported as mean + Standard deviation.
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Figure 1.

Percentage of patients not reaching reference values of biochemical parameters
according to the nutritional support.

QUALITY OF LIFE ASSESSMENT

The EORTC QLQ-C30 questionnaire, developed to assess the
quality of life in cancer patients, was submitted to all the patients
at admission. Patients on EN had a higher mean score on Global
Health Status/QoL (63.8 = 17.6) than those on ON (55.4 + 20.3),
although the difference was not significant. Furthermore, when
asked “How would you rate your general health status during
the last week?”, which was one of the questions used to assess
global health status, significantly (o < 0.001) higher scores were
found for EN patients (5.1 + 1.3) compared to those on ON (4.1
+ 1.3). On the other hand, no significant differences were found
according to the nutritional support in relation to symptom scale
scores, including some highly nutrition-related symptoms such
as nausea, vomiting, loss of appetite, constipation, or diarrhea.
However, it is noteworthy that ON patients had lower scores,
meaning less symptomatology, on the items of nausea and
vomiting (4.2 + 11.7 vs 9.0 + 14.3), dyspnea (9.5 + 17.8 vs
14.1 + 23.4) and loss of appetite (15.5 + 16.8 vs23.1 + 22.6)
than EN patients. In fact, a higher percentage of ON patients
reported having no symptoms related to dyspnea compared
to EN patients (75 % vs 69.2 %) (p = 0.636), loss of appetite
(53.6 % vs 42.3 %) (p = 0.407), and significantly for vomiting
(100 % vs 76.9 %) (p = 0.007). Moreover, ON patients had a
higher score for diarrhea (10.7 + 25.7), in comparison with EN
patients (7.7 + 23.7) indicating that participants on EN had a
lower presence of diarrhea symptoms compared to those on ON.

DISCUSSION

This is the first study conducted in HNC Italian post-oper-
ative patients aimed at evaluating nutritional status and qual-
ity of life in the post-operative phase with EN or ON support.
EN patients reported higher levels of hemoglobin, lymphocytes, iron,

M. Tristan Asensi et al.

folic acid and vitamin D than those on ON, suggesting a better nutri-
tional status. In addition, patients on EN seem to have a better quality
of life, as they had higher mean QoL scores and reported significantly
higher scores for the question pertaining to general health status as
compared to the ON group. However, this difference should not be
evaluated in isolation as patients with ON reported less symptoms
of nausea or dyspnea compared to patients with EN, although the
differences found were not statistically significant.

HNC patients are at high risk of malnutrition due to several
factors that may hinder food intake, commonly leading to weight
loss that may be accompanied by alterations in key biochemical
parameters. Malnourished patients usually present with anemia,
which can increase symptoms of fatigue, weakness, dizziness
and even shortness of breath (10). In our study, ON patients re-
ported lower hemoglobin, iron and folic acid, with around 20 %
showing iron levels below the reference ranges, while all patients
on EN had levels within the reference range. This finding is in
line with the literature, in which enteral support in patients un-
dergoing various medical therapies (11-13) was associated with
improved nutritional status. Other studies of the same context,
such as that of Loser et al., revealed higher hemoglobin levels
in well-nourished people with respect to malnourished HNC pa-
tients (14). Similarly, Capuano et al. found a significant correla-
tion between weight loss, low hemoglobin values and systemic
inflammation in HNC patients (15).

Another usual biochemical alteration in malnourished patients
is vitamin D deficiency. In the present study, we reported that
more than half of the patients had low vitamin D levels, reaching
almost 80 % of patients treated with ON compared to 30 % of
patients treated with EN, in line with what Orell-Kotikangas et al.
(16) reported in HNC patients. Low vitamin D levels have been
reported to affect efficacy of medical therapies, being involved
in the immune system and acting a key role for the maintenance
of optimal health status, especially in cancer patients. Hence,
it is extremely important to maintain normal circulating levels.
Another biochemical parameter that is often taken into account
to assess nutritional status in these patients is albumin, although
its efficacy is much debated in the literature as it is a parame-
ter sensitive to inflammatory status. Despite the growing interest
in albumin in HNC patients undergoing surgery due to its pos-
sible association with post-surgical complications and survival
(14,17), no significant differences were observed for albumin
levels between patients on EN and ON in our sample, with no
patients being below reference values.

As far as quality of life is concerned, HNC patients have an im-
paired quality of life due to complications related to surgical and
medical treatments, and the deteriorated quality of life is one of the
factors that most undermines medical treatment. It is widely rec-
ognized that the nutritional status of cancer patients can influence
their quality of life, being malnourished patients those with a worse
quality of life (3-5). However, the scientific evidence to determine
which nutritional support is most appropriate depending on the
patient’s treatment (chemotherapy, radiotherapy or surgery) is still
limited due to the heterogeneity of the samples of the available
studies. In our study of post-operative HNC patients, EN patients
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reported better quality of life, as measured by the total score of
the EORTC QLQ-C30 questionnaire, than patients with ON, although
the difference was not statistically significant. This finding is in line
with other previous studies, such as that of Van Bokhorst-de Van
der Schuer et al., who reported that EN improved the quality of life
of HNC patients despite they have included only severely malnour-
ished patients who began EN support in the pre-operative period
(18). But in contrast, Rogers et al. reported a worse quality of life
associated with long-term use of EN in HNC survivors who had pre-
viously undergone surgery (19). With regard to the results of items
relating symptoms, a lower percentage of ON patients experienced
nausea and vomiting, dyspnea and loss of appetite as compared to
EN patients. Such reduced reporting of symptoms can be explained,
for nausea and vomiting, to a lack of tolerance to EN or continuous
EN for several hours, these being the most common side effects of
this type of nutritional support (20), and for dyspnea, by the possi-
ble association with another clinical condition such as dysphagia in
patients with EN compared to those receiving ON, despite not all the
available studies are in accordance with this hypothesis (14,21,22).

The study has several limitations that need to be taken into
account. First, this is an observational study in which only one
measurement of exposure and outcome was made, so it does
not allow us to infer causality or rule out residual confounding
factors, nor can we rule out the probability of chance findings.
Second, our sample comprised a limited number of subjects and
needs to be expanded. In addition, important factors that could
influence the main results, such as body composition, type of
treatment or other risk factors related to HNC were not consid-
ered. However, the present study has the strength of having in-
cluded all HNC patients who underwent surgery after diagnosis
of cancer and may provide new evidence on the most appropri-
ate method of nutritional support in the post-operative period for
these patients, although further research is needed to optimize
nutritional support in these patients.

CONCLUSION

In conclusion, although the use of EN should be evaluated in each
patient due to possible side effects or complications, especially in
case of long-term use, our study suggests that in post-operative HNC
patients the use of EN could have a positive effect on the nutritional
status and quality of life of these patients. Considering malnutrition
as an important factor for the well-being of these patients, more re-
search is needed to better understand the optimal nutritional support
for HNC patients in the post-operative phase.
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Resumen

Introduccion: existe una amplia variedad de formulas o preparados de nutricion enteral y férmulas o preparados infantiles. La consulta de
informacion relacionada debe hacerse en las herramientas propias de cada laboratorio, lo que dificulta la vision critica y la comparativa entre
las mismas.

Objetivo: describir el desarrollo de NEmecum como la primera web que permite realizar una busqueda dirigida e independiente de formulas de
nutricion o preparados infantiles, analizar el abanico nutricional actual en Espaia y evaluar los datos de uso de la herramienta.

Métodos: se desarrolld la estructura de una base de datos que unifica los parametros de todas las formulas y se analiz el abanico nutricional
espariol. Posteriormente, se seleccionaron los principales algoritmos de busqueda dirigida y se codifict la herramienta digital. Se llevo a cabo una
intensa difusion y se evalud el impacto obtenido. Se analizaron el perfil de usuarios y centros registrados y los datos de uso de la herramienta y
se evalud su usabilidad mediante el cuestionario System Usability Scale (SUS).

Resultados: se obtuvo una web responsive de acceso gratuito (http://nemecum.com) que permite realizar bisquedas dirigidas en base a unos
Palabras clave: filtros de busqueda preestablecidos. La herramienta permitio analizar detalladamente el abanico nutricional en Espafia, observandose la gran
- variedad de formulas disponibles de similares caracteristicas. La campafia de difusion consiguié incrementar su uso de forma exponencial y
NEmecurn. Salud digital. cuenta actualmente con 1.370 usuarios y 79 centros registrados. La usabilidad fue valorada como excelente.
Web responsive. Nutricion

enteral y oral. Lactancia Conclusion: el desarrollo de NEmecum supone una herramienta valiosa en la busqueda y consulta de datos de férmulas o preparados de
artificial. nutricion enteral y férmulas o preparados infantiles.
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Abstract

Introduction: there is a wide variety of enteral nutrition and infant formulas preparations. When there is a need to find infomation on a product,
only the infomation from industy is available. Comparison amomg products becomes then ardous.

Objective: to describe the development of NEmecum as the first website that allows a directed and independent search for enteral nutrition
products and infant formulas, currently available in Spain, and to evaluate the initial use of NEmecum.

Methods: the structure of a database that unifies the parameters of all formulas was developed, and the nutritional composition of all formulas
was analyzed. Subsequently, the main search algorithms were selected and the digital tool was codified. Intensive dissemination was performed
and the impact was evaluated. The profile of users and registered centers and the use of the tool were analyzed, and its usability was evaluated
using the System Usability Scale (SUS) questionnaire.

Results: a free-access responsive website (http://nemecum.com) that allows searches based on pre-established search filters was obtained. This
tool allows for a detailed analysis available formulas in Spain by observing a wide variety of formulas with similar characteristics. The dissemination
campaign managed to increase its use exponentially, currently reaching 1,370 users and 79 registered centers. Usability was rated as excellent.

Conclusion: the development of the NEmecum represents a valuable tool in the search and consultation of the characteristics of enteral nutrition

formulas. formulas and infant preparations.

INTRODUCCION

El término salud digital se define como el uso de las tecnolo-
gias digitales para mejorar la salud (1-3) y su implantacion esta
promovida por varios organismos internacionales (4,5). La inte-
gracion de la tecnologia en la salud conlleva resultados positivos
en la mejora de la salud y de los procesos (6).

El impacto de la salud digital también ha llegado al campo
de la nutricion clinica. Existen numerosas herramientas digitales
destinadas a optimizar la nutricion clinica. La mayoria se centran
en aportar informacion sobre la ingesta, en interpretar y perso-
nalizar la dieta y en ofrecer técnicas de registro de datos nutri-
cionales y herramientas de apoyo a la toma de decisiones en la
administracién de nutricion enteral y oral (7,8). Concretamen-
te, la nutricion artificial se utiliza en pacientes con necesidades
especificas con el fin de mejorar su estado nutricional, prepa-
rarlo nutricionalmente para algin procedimiento o suplementar
carencias de su dieta habitual (9). Actualmente, la variedad de
estas formulas en el mercado es muy amplia y, ademas, es un
campo en pleno auge, con continuos avances que perfeccionan
la composicion de las formulas (10-14).

En Espafa, la prestacion de los productos de nutricion clinica
es competencia del Sistema Nacional de Salud (SNS) (articulo
7 de la Ley 16/2003 [15]) y esté regulada por el Real Decreto
1205/2010 (16), por el que se establecen los importes maximos
de financiacion para cada tipo de producto, asi como los criterios
para la inclusion en la Oferta del SNS.

A diferencia de los medicamentos, no existe ningdn formato
estandar para presentar la composicion de cada formula ni nin-
gun aplicativo que permita una busqueda global e independiente
de las mismas. Todos estos aspectos quedan relegados al labo-
ratorio que las comercializa y resulta complicado, en muchos ca-
S0s, consultar la informacion especifica de las formulas y realizar
comparaciones o intercambios adecuados (16), que implican la
necesidad de un conocimiento especifico de las formulas y de
las alternativas con caracteristicas similares disponibles (17,18).
En este contexto, NEmecum tiene como fin facilitar la busqueda
global, comparativa e independiente de formulas de nutricion en-
teral y formulas infantiles. Se trata del primer buscador web que
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permite realizar busquedas dirigidas e individualizadas segun
las caracteristicas especificas de la formula y las necesidades
del paciente y comparar entre otras opciones disponibles en el
mercado.

El objetivo de este trabajo es describir el desarrollo de NEme-
cum, analizar el abanico nutricional disponible actualmente en
Espafia y analizar los datos de uso de la herramienta.

MATERIAL Y METODOS

El desarrollo de NEmecum es un proyecto multidisciplinar
coordinado por farmacéuticos hospitalarios del Hospital Clinico
Universitario de Santiago. El grupo de trabajo estuvo formado por
endocrindlogos y pediatras del mismo hospital e informaticos y
disefiadores web. Una vez desarrollada la herramienta, se llevd
a cabo un plan de difusion estatal de la herramienta a todos los
profesionales sanitarios. Se recopilaron datos de uso de la apli-
cacion durante un afio y se analizaron para evaluar el grado de
aceptacion y el impacto obtenido.

DESARROLLO DE LA HERRAMIENTA

El desarrollo de la herramienta se llevé a cabo en cinco fa-
ses con base en las recomendaciones de desarrollo de software
Agile (19).

En la primera fase se analizd la situacion actual en cuanto a
las principales herramientas utilizadas para busqueda y prescrip-
cion de formulas de nutricidn enteral y oral. En la segunda fase
se cred la estructura de la base de datos, se perfilaron los filtros
de busqueda y se presento el proyecto a los laboratorios. En la
fase de desarrollo se llevaron a cabo la codificacion de la web, el
testeo y la validacion. Posteriormente, se lanzd la aplicacion. Por
ultimo, en la quinta fase se mantiene la aplicacion en su correcto
uso y se actualiza periédicamente. El desarrollo fue dindmico, de
manera que, cuando se descubria un error, se volvia a la fase
anterior, tal y como se muestra a través de las flechas punteadas
en lafigura 1.
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Contextualizacion
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Fase de inicio
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Figura 1.
Esquema del proceso de desarrollo de la herramienta digital NEmecum.

Contextualizacion

Se llevd a cabo un andlisis de las principales herramientas (ana-
logicas y digitales) utilizadas en la préctica clinica diaria para la
busqueda y prescripcion de las formulas o preparados de nutricion
enteral artificial. Se analizd la forma de estructurar y presentar la in-
formacion que utilizaba cada uno de los laboratorios con el objetivo
de unificar los formatos para poder compararlos entre si.

Se llevaron a cabo varias reuniones multidisciplinares con el
objetivo de analizar la situacion actual y consensuar el tipo de
herramienta digital a desarrollar, el formato de acceso y regis-
tro, los datos que seria importante recopilar de cada una de las
formulas y los principales filtros y algoritmos de busqueda. Ini-
cialmente, estas reuniones se llevaron a cabo con un formato
abierto tipo “brainstorming”y, posteriormente, se fueron enfo-
cando mas a solventar los diferentes problemas concretos que
fueron surgiendo.

Fase de inicio

Se cred la estructura de una base de datos, se presento el
proyecto a los laboratorios y se incorporaron los datos de todas
las formulas incorporadas de manera uniforme.

— Creacion de la base de datos: en consenso con los servicios

de Endocrinologia y Pediatria, se dividio la base de datos en
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dos bloques: formulas o preparados de nutricion enteral y
oral y formulas o preparados infantiles.

El bloque de nutricion enteral y oral se subdividio en cuatro
grupos: adultos, pediatria, metabolopatias y/o situaciones
especiales (donde se incluyeron formulas especialmente
indicadas para determinadas situaciones clinicas como las
alteraciones en la digestion, absorcion y transporte de las
grasas, alteraciones gastrointestinales y dieta cetogénica)
y modulos. Se recopilaron parametros generales de todas
las formulas: datos identificativos (codigo, nombre, ima-
gen, laboratorio), presentacion (tipo, contenido y nimero
de envases), via de administracion preferente (oral/enteral
0 ambas), estado de financiacion por el SNS, cantidad espe-
cifica de macronutrientes (por envase), osmolaridad, sabor,
presencia de alérgenos y composicion completa de ingre-
dientes de la formula.

Ademas de estos parametros, se incluyeron datos especi-
ficos para cada grupo. En los grupos de adultos y pediatria
se clasificaron las formulas en funcion de la cantidad de
calorias (hipercaloricas si > 1,10 kcal/ml; normocaloricas si
0,1-1,10 keal/ml; hipocalérica si < 0,9 kcal/ml), proteinas
(hiperproteicas si el componente proteico es > 18 % del
valor calérico total [VCT], normoproteicas si esta entre el
12-18 % del VCT o hipoproteicas si es < 12 % del VCT) y
contenido de fibra (sf 0 no). Se registrd también la indicacion
especifica en funcion de las caracteristicas diferenciales de
la formula. En el grupo de metabolopatias y/o situaciones
especiales, se registrd el tipo de patologia para la que esta-
ban indicadas. En el grupo de mddulos, se analizd el tipo de
nutriente que aportaban.

La base de datos de formulas o preparados infantiles se
subdividié en cuatro grupos: prematuros, inicio (desde los
0 meses), continuacion (desde los seis meses) y crecimien-
to (desde los 12 meses). Las formulas se clasificaron en
funcion de la indicacion. Se recogié también informacion
sobre su financiacion por el SNS, la composicion especifica
de cada formula y la presencia de alérgenos, incluyendo los
mismos que para la nutricion enteral y oral.

— Presentacion a los laboratorios: una vez organizada la estruc-
tura de los datos, se presento el proyectd a los laboratorios y
se les ofrecid colaboracion para incluir los datos de sus formu-
las en la base de datos comun e integrarlas en la herramienta
digital. Toda la informacion introducida fue contrastada por un
farmacéutico hospitalario de manera independiente.

Fase de desarrollo

En la fase de desarrollo se selecciond el algoritmo de los filtros
de busqueda, se perfil el disefio grafico de la web y se decidid
como se querian mostrar los resultados de las busquedas. Los
informaticos desarrolladores trabajaron mano a mano con los
disefiadores para combinar todos los requisitos especificados del
producto y convertir el disefio en codigo. La empresa encargada
del desarrollo del proyecto fue Lapisoft (20).
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Se incluy¢ la posibilidad de crear perfiles de centros que pu-
diesen acotar las fdrmulas incorporadas en la base de datos a las
disponibles en el centro.

Testeo interno: validacion interna

Se llevaron a cabo dos pruebas de validacion interna en las
que se testearon la navegacion por la web, la compatibilidad con
diversos navegadores, el rendimiento, la funcionalidad (algoritmo
de filtros aplicados y resultados mostrados) y la accesibilidad. La
primera se llevo a cabo entre los farmacéuticos coordinadores y
la segunda, con los profesionales de las areas de Endocrinologia
y Nutricion Pedidtrica. En cada una de ellas se establecid un
plazo de dos semanas para llevar a cabo un analisis de la herra-
mienta de forma independiente.

Estudio piloto con inclusion de centros:
validacion externa

Una vez realizados los cambios derivados de la fase de tes-
teo interna, se incluyeron nueve centros espafoles como prueba
piloto. A la persona responsable de cada centro se le instruyd
sobre cdmo personalizar el catalogo global a las formulas dis-
ponibles en su centro y se le ofrecid una direccion de correo
electronico de contacto para valorar la web y aportar opciones
de mejora.

Fase de reflexion: incorporacion
de los cambios

Los problemas y las sugerencias de mejora detectados duran-
te las anteriores fases fueron recopilados y agrupados. Se esta-
blecieron propuestas de solucion a los problemas detectados,
que fueron discutidas con el equipo desarrollador, tras lo cual se
concretaron las posibilidades disponibles y se establecieron las
modificaciones definitivas.

Lanzamiento

Se llevaron a cabo pruebas por parte de los desarrolladores
para asegurar que el software fuese completamente funcional y
se abrio la web de forma libre para los usuarios. Paralelamente,
se comenzo con la difusion de la herramienta.

Mantenimiento y actualizacion

Durante esta fase, el equipo desarrollador brinda soporte con-
tinuo para mantener el software en correcto funcionamiento y
resolver cualquier error. Se incorporan continuamente nuevos
centros y usuarios, a los que se les ofrece disponibilidad. La in-
formacion de la web se actualiza periodicamente cada seis me-
ses por el equipo farmacéutico coordinador.
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DIFUSION DE LA HERRAMIENTA DIGITAL
A LOS POTENCIALES USUARIOS

Se realiz una campania de difusion de NEmecum de cinco meses
de duracion. Inicialmente se llevaron a cabo sesiones informativas
intrahospitalarias en el Servicio de Endocrinologia y Pediatria y en la
Comision de Nutricion del hospital. Paralelamente, se presento a los
responsables de la industria y a las principales sociedades cientificas
relacionadas. Se presentd en varios congresos cientificos y se divul-
g0 a través de canales corporativos a todos los centros de Espafia.
Ademas, se llevo a cabo una intensa camparia de difusion a través
de Twitter y YouTube. El impacto de estas acciones divulgativas se
analizé midiendo el crecimiento en nimero de usuarios, centros re-
gistrados y busquedas realizadas.

OBTENCION Y ANALISIS DE DATOS DE USO

Obtencioén de datos de uso de la herramienta

Los datos de uso de la herramienta se obtuvieron a partir de con-
sultas a la base de datos utilizando structured query language (SQL).
Se contabilizd el nimero de usuarios y centros registrados y el nu-
mero de busquedas acumuladas. Como medida de impacto de la
herramienta se midi la tasa de retencion de usuarios.

(Tasa de retencion de usuarios =
[Usuarios que regresaron despugs de la primera visita /
Total de usuarios que visitaron el sitio web] x 100)

Ademas, se analizo el perfil de usuarios de la herramienta, el
numero de centros que personalizaron la herramienta y el ndme-
ro de usuarios asociados a centros.

Cuestionario de usabilidad

Se solicitd a los usuarios de NEmecum la valoracion de la he-
rramienta a través del cuestionario System Usability Scale (SUS)
version espafola (21). Se trata de un cuestionario de diez items
que mide la usabilidad percibida de un sistema. Los items se ca-
lifican en una escala de cinco puntos que va desde “totalmente
en desacuerdo” hasta “totalmente de acuerdo” (21,22).

RESULTADOS

DESARROLLO DE LA HERRAMIENTA
Contextualizacion

La busqueda de formulas o preparados de nutricion enteral o
preparados infantiles se lleva a cabo en el dia a dia de forma ma-
nual a través del catalogo, la pagina web o la aplicacidn propia de
cada laboratorio. El formato en el que se presenta la informacion
de las formulas varia en funcion del laboratorio. No se encontrd
ninguna herramienta digital que permitiese una seleccion global
entre todas las formulas disponibles.
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Por ello, se decidié sentar la base del desarrollo de NEmecum
en hacer posible una busqueda dirigida, individualizada e inde-
pendiente al laboratorio. Se decidié que la herramienta estuviese
dirigida a profesionales sanitarios. De forma multidisciplinar, se
decidio desarrollar una web responsive, que se adapta para tener
una buena visualizacion en distintos dispositivos, como moviles,
tabletas u ordenadores. Ademas, se acordd que el acceso fuese
gratuito y libre mediante un registro identificativo.

Inicio
Analisis de la base de datos

Se cred una base de datos que permitid unificar la forma de
expresion de la informacion de todas las formulas.

Se revisaron e incorporaron 939 presentaciones diferentes
de formulas o preparados de nutricion enteral (473 de adultos,
85 de pediatria, 203 de metabolopatias y/o situaciones espe-
ciales y 178 en modulos) y 121 de preparados infantiles (nueve
de prematuros, 52 de inicio, 36 de continuacion y 24 de creci-
miento). En total, se introdujeron 31.770 parametros diferentes.

En adultos y pediatria, se hicieron todas las combinaciones
posibles de los principales parametros de clasificacion (protei-
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nas, calorias y fibra). El nimero de presentaciones registradas de
cada combinacion se encuentra en la tabla I. Por indicacion, en
el grupo de adultos se registraron 285 presentaciones estandar
y 188 especificas, de las cuales el 31,7 % fue para diabetes, el
16,6 % para pacientes quirlrgicos, el 15,8 % para problemas
de absorcion, el 12 % para oncologia, el 5,4 % para disfagia,
el 5 % para pacientes fragiles, el 4,2 % para insuficiencia re-
nal, el 3,5 % para pacientes criticos, el 3,1 % para enferme-
dad inflamatoria intestinal, el 1,5 % para obesidad y el 1,2 %
para enfermedades pulmonares. En pediatria, se registraron
70 presentaciones estandar y 15 especificas, siendo, dentro
de las especificas, el 66,7 % para problemas de absorcion, el
26,7 % para diabetes y el 6,6 % restante para enfermedad in-
flamatoria intestinal.

En el grupo de metabolopatias y/o situaciones especiales, se
registraron formulas para 15 patologias distintas. En el grupo de
modulos, existen disponibles 12 tipos distintos segun la funcio-
nalidad o el tipo de nutriente aportado (Tabla Il).

En el blogue de lactancia artificial se registraron 49 presen-
taciones estandar y 63 especificas. Dentro de estas, el 61,9 %
fue para alergia a proteinas de leche de vaca, el 28,6 % para
problemas menores (colicos, estrefiimiento o reflujo) y el 9,5 %
para intolerancia a la lactosa.

Tabla I. Numero de presentaciones registradas de cada tipo en los grupos
de adultos y pediatria tras llevar a cabo todas las posibles combinaciones
de los principales parametros de clasificacidon (proteinas, calorias y fibra)

Proteinas Calorias Fibra N.° registros

Hipo Hiper No 5

Hipo Hiper Si 11

Normo Hipo No 1

Normo Hipo Si 2

Normo Normo No 22
@ Normo Normo Si 33
5 Normo Hiper No 58
5 .
< Normo Hiper Si 34

Hiper Hipo No

Hiper Hipo Si

Hiper Normo No 6

Hiper Normo Si 30

Hiper Hiper No 108

Hiper Hiper Si 158

Normo Normo No 13
m Normo Normo Si 10
‘E Normo Hiper No 18
K Normo Hiper Si 30
o

Hiper Hiper No

Hiper Hiper Si 9

Las combinaciones para las que el resultado fue 0 no se incluyeron en la tabla.
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Tabla Il. Numero de presentaciones segun la clasificacion de metabolopatias y/o
situaciones especiales y modulos segun la funcion o el tipo de nutriente aportado

N.°registros
Fenilcetonuria 68
Hiperfenilalaninemia 42
g Jarabe de arce 17
o] Tirosinemia 11
§ ‘% Homocistinuria 12
2 _8' Acidemia metilmalénica o propi6nica 8
§ % Defectos congénitos en el ciclo de la urea 7
g g Aciduria isovalérica y alteraciones del metabolismo de la leucina 6
= Aciduria glutérica tipo | 5
E_ Defectos en la beta-oxidacion de acidos grasos 3
—g Hiperglicemia no cetésica 2
§ Glucogenosis 1
é’ :g ® | Alteraciones en la digestion, absorcion y transporte de las grasas 7
§ § Alteraciones gastrointestinales 5
& @ | Dietacetogénica 9
Disfagia 36
Aminoacidos 34
Proteico 21
Lipidico 10
" Carbohidratos 9
% Restriccion proteica 4
3 Metabolopatias 7
= Hipercaldrico 4
Fibra 4
Restriccion de calcio y vitamina D 1
Alimentacion basica adaptada* 38
Complemento alimenticio” 10

*Se Incorporan en este apartado para ofrecer una mejor funcionalidad de la web a pesar de no estar considerados estrictamente como mdodulos.

Desarrollo

Se desarrolld una web responsive de acceso libre y gratuito
mediante registro (http://nemecum.com). Se establecid una hoja
de registro sencilla con los siguientes datos: nombre, apellidos,
documento nacional de identidad (DNI), correo electronico, cargo
y centro de trabajo, siendo este Ultimo campo no obligatorio i
no se busca la opcion de acotar los resultados a las formulas
disponibles en el centro.

La web esta dividida desde el inicio en los dos grandes blo-
ques, nutricion enteral y oraly lactancia artificial, y estos se sub-
dividen a su vez segun la misma clasificacion de la base de datos
(Fig. 2).

En el bloque de nutricion enteral y oral, se puede realizar una
busqueda por filtros cualitativos o cuantitativos, mientras que en
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el bloque de lactancia artificial solo se pueden realizar busque-
das cualitativas.

La busqueda cuantitativa permite filtrar por cantidades espe-
cificas (Fig. 3).

La bisqueda cualitativa permite realizar filtros en funcion de
caracteristicas distintivas de la formula. Se establecieron filfros
generales, incluidos en todas las secciones, y filtros especificos
en cada uno de los grupos.

Dentro de los filtros generales, se incluye la posibilidad de fil-
trar por alérgenos y por sabor (Fig. 3).

Como filtros especificos, en los subgrupos de adultos y pedia-
fria se permite seleccionar las formulas en funcion de la canti-
dad de calorias (hipercaldricas, normocaldricas o hipocaléricas),
proteinas (hiperproteicas, normoproteicas o hipoproteicas) y fibra
(con o sin fibra). Permite también filtrar por la indicacion especi-



930 |. Varela-Rey et al.
*
® . -
- DA Z
Nutricion enteral y oral Adultos pediatria i Médulos
AR
A P 5 A
L t o % ;,f_ % I BrEETireE Inicio Continuaciéon Crecimiento
actancia artirticia t i . £
Figura 2.

Clasificacion general de NEmecum y algoritmo de filtros principales.
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Figura 3.

Ejemplo de filtro para la blsqueda cuantitativa y filtros generales de alérgenos
y sabores.

fica de la férmula, incluyéndose las once indicaciones distintas
registradas en la base de datos (Fig. 4). En el subgrupo de me-
tabolopatias, se puede filtrar por indicacion, incluyéndose las 15
registradas en la base de datos y en el grupo de mddulos por el
tipo de nutriente que aportan, incluyéndose los 12 registrados en
la base de datos.

En el grupo de Jactancia artificial, se puede filtrar por la edad
(prematuros, leche de inicio, leche de continuacion, leche de cre-
cimiento) y la indicacion (estandar, problemas menores, alergia
a proteinas de leche de vaca, intolerancia a la lactosa), asi como
por las condiciones de financiacion por el SNS.

En todos los casos, se pueden realizar blisquedas por el nom-
bre de la formula y consultar sus caracteristicas principales.

Los resultados de las bisquedas muestran todas las formulas
que incluyen las caracteristicas preseleccionadas y se pueden
visualizar todas o agrupadas por laboratorio. Seleccionando la
formula se puede consultar la informacion especifica.

La herramienta permite la personalizacion por centros sanitarios,
de manera que es posible crear centros independientes y acotar
los resultados de las busquedas a las disponibles en ese centro. El
usuario administrador del centro puede modificar de forma instanta-
nea el catdlogo de productos disponibles. Esta funcionalidad permite
usar NEmecum como una buena herramienta para la gestion de la
farmacoterapia nutricional de los centros sanitarios.

Testeo interno: validacion interna

Tras las pruebas llevadas a cabo por los farmacéuticos coordi-
nadores, se propusieron cambios para homogeneizar los datos de
las formulas (asociacion de los multiples sabores en grupos mas
generales y unificacion del formato de imagenes) y la creacion de
nuevas subcategorias para clasificar formulas que no encajaban
en las propuestas inicialmente, como son el subgrupo de “alimen-
tacion basica adaptada” o “complementos alimenticios”. Se propu-
sieron algunas opciones de mejora del disefio y de la traslacion a
dispositivos moviles y para optimizar la informacion de las formulas
una vez realizada las busquedas a fin de que fuese mas visual. Tras
las pruebas llevadas a cabo por los colaboradores de Endocrinolo-
gia y Pediatria, se propuso que se pudiesen agrupar los resultados
de las busquedas por el laboratorio que las comercializa y algunas
opciones de mejora de disefio.

Estudio piloto con inclusion de centros:
validacion externa

Todos los centros incluidos en el estudio piloto selecciona-
ron correctamente los productos disponibles en su centro y los
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usuarios asociados a esos centros pudieron acotar los resultados
de sus busquedas a las formulas de su centro. Se obtuvieron
valoraciones muy positivas acerca de la herramienta digital. El
Unico comentario negativo fue la ausencia de formulas de algu-
nos laboratorios.

Reflexion y desarrollo final

Todas las propuestas de mejora derivadas de las pruebas de
validacion interna y externa fueron incluidas. Se propuso la co-
laboracion a los laboratorios ausentes detectados en el estudio
piloto y se obtuvo la inclusion de todos excepto uno.

Lanzamiento

Se habilita el acceso a la web responsive de forma abierta y
publica. Se comunica su lanzamiento por via corporativa a los
potenciales usuarios, asi como herramientas de formacién para
su uso y su difusion a otros profesionales. Se difunde su lanza-
miento también a través de redes sociales (Twitter y YouTube) y
noticias de prensa.

MANTENIMIENTO Y ACTUALIZACIONES

La herramienta se mantiene activa y en constante actualiza-
cion. Se establece el correo electronico como vehiculo de con-
tacto. La mayoria de los requerimientos de los usuarios fueron
para crear nuevos centros e incluir nuevas formulas no encon-
tradas. Se recibieron también numerosas solicitudes de acceso
de usuarios no espafoles.

La base de datos se actualiza de manera general, rigurosa-
mente, cada seis meses. No obstante, el equipo administrador

del proyecto puede realizar modificaciones puntuales de manera
instantanea si el cambio se considera relevante.

Difusion de la herramienta digital a los
potenciales usuarios

La campafia de difusion de NEmecum supuso un crecimien-
to exponencial tanto en el nimero de usuarios y centros como
en el acimulo de busquedas realizadas en la herramienta. El
crecimiento fue constante para el nimero de usuarios y el acu-
mulo de busquedas. El nimero de centros presenta un cla-
ro aumento a los 32 dias, relacionado con la difusién por la
Sociedad de Farmacia Hospitalaria a todos sus socios de la
posibilidad de individualizar las formulas disponibles en cada
centro (Fig. 4).

ANALISIS DE DATOS DE USO
Analisis de datos

NEmecum cuenta actualmente con 1.370 usuarios y 79 cen-
tros registrados. El nimero de busquedas acumuladas es de
15.990. La tasa de retencion de usuarios es del 52,38 %. El
perfil de usuarios y la distribucion geografica de los centros se
muestran en la figura 5. El 73 % (58/79) de los centros regis-
trados tienen usuarios asociados y el 37 % de los usuarios esta
asociado a algun centro.

Valoracién del cuestionario de usabilidad
El cuestionario de usabilidad fue respondido por 165 usuarios.

La puntuacion media del cuestionario fue de 83 puntos; dicha pun-
tuacion se considera excelente si es mayor de 80,3 (23) (Fig. 6).
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Figura 4.

Filtros especificos de los subgrupos de adultos y pediatria. Se muestran también las once indicaciones registradas.
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Figura 5.

Resultados de la campaia de difusion de NEmecum; marcadas con nimero las accio-
nes que han tenido mayor repercusion. A. Nuimero de usuarios registrados. B. Nimero
de centros registrados. C. Busquedas acumuladas registradas. (1) Inicio del proyecto
piloto. (2) Difusion por canales corporativos de la posibilidad de creacion de centros.
(3) Nota de prensa. (4) Incorporacion del bloque de lactancia artificial. (5) Sesion infor-
mativa de la herramienta a través de la Sociedad Espariola de Farmacia Hospitalaria.

|. Varela-Rey et al.

DISCUSION

NEmecum es el primer buscador web de férmulas o prepara-
dos de nutricion enteral y fdrmulas o preparados infantiles que
engloba la mayoria de los productos comercializados en Espafa.
Permite una consulta dirigida y personalizada en base a filtros de
busqueda disefiados especificamente para facilitar la blsqueda
comparativa y la prescripcion de estas formulas de manera cri-
tica e independiente del laboratorio que las comercializa (24).

El andlisis de la base de datos pone de manifiesto la amplia
variedad de productos disponibles con caracteristicas muy simi-
lares, haciendo visible la necesidad de herramientas que faciliten
la seleccion y el intercambio de estas formulas de manera co-
rrecta y especifica.

NEmecum facilita la aplicacién de la nutricion clinica perso-
nalizada, como demuestra el exponencial crecimiento de usua-
rios relacionados con la prescripcion y dispensacion de estos
productos (farmacéuticos hospitalarios, pediatras, personal de la
industria farmacéutica y endocrindlogos). El hecho de que sea
una web responsive facilita su uso en la practica clinica habitual
tanto en los ordenadores corporativos como en los dispositivos
personales. En este sentido, la usabilidad de la web fue valorada
por los usuarios como excelente. Ademas, su actualizacion con-
tinua permite mantener la base de datos activa.

Las principales limitaciones de esta herramienta son que exis-
ten algunos laboratorios cuyas formulas todavia no estan inclui-
das, aunque esta contemplada su incorporacion proximamente.
El uso de la web esta limitado al mercado espafiol, pero sienta
las bases para desarrollos similares en otros paises. Proximas
versiones de la herramienta podrian incluir la incorporacion de
un médulo para la valoracion nutricional y el calculo de los re-
querimientos nutricionales, ademas de incluir informacién adn
mas detallada de las formulas, como la fuente de proteina o el
tipo de fibra.

Actualmente, el uso de NEmecum esta totalmente implemen-
tado en 79 centros sanitarios esparioles, lo que supone que alre-
dedor de un 10 % de los centros esparioles tienen personalizada
y digitalizada su guia de productos nutricionales gracias a esta
herramienta.
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Figura 6.
Andlisis del perfil de usuarios y distribucion geografica de los centros asociados.
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DE NUTRICION ENTERAL Y PREPARADOS INFANTILES

Ademas, la posibilidad de crear centros independientes incre-
menta todavia mas su aplicabilidad y esto hace que dicha cifra
contintie incrementandose.
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Resumen

Introduccion: la pandemia por COVID-19 puede afectar en la calidad de la alimentacion y la nutricion de preescolares y escolares a través de
un incremento de la inseguridad alimentaria de las familias, por medidas como el confinamiento y cierre de establecimientos educacionales, 1o
que afecta la estructura diaria, horarios de alimentacion y calidad de la alimentacion.

Objetivo: analizar la calidad global de la alimentacion de preescolares y escolares en Chile durante la pandemia de COVID-19.

Métodos: en un muestreo por conveniencia participaron 551 escolares (22,5 % nifios y 77,5 % nifias) de cinco ciudades de Chile distribuidas en
macrozonas norte, centro y sur. Se aplicd el indice de calidad global de la alimentacion. Los datos fueron analizados en el programa estadistico
IBM SPSSV24. Se analizaron diferencias de proporciones a través de tablas cruzadas.

Palabras clave: Resultados: escolares de zonas rurales presentaron menor calidad de la alimentacion que pares de zonas urbanas (p = ,005). Escolares que
comen con toda la familia presentan mejores indicadores de calidad de la alimentacion que aquellos que o hacen solos (p = ,002). En nueve de

Calidad de la alimentacion. 19 componentes de la alimentacion evaluados, las mujeres presentan mayor cumplimiento de recomendaciones alimentarias.

Pandemia. COVID-19.

Preescolares. Escolares. Conclusiones: se requieren mas investigaciones sobre los cambios de ingesta dietética y calidad de la alimentacion de los nifios y nifias y
Chile. sus familias durante la pandemia. Esto permitira analizar el impacto de la pandemia en la conducta alimentaria y sus posibles consecuencias.
Abstract

Introduction: the COVID-19 pandemic can affect the quality of food and nutrition of preschoolers and schoolchildren through an increase in food
insecurity of families, by measures such as confinement and closure of educational establishments, which affects the daily structure, feeding
schedules, and quality of food.

Objectives: analyze the overall food quality of preschool and school children in Chile during the COVID-19 pandemic.

Methods: five hundred and fifty-one schoolchildren (22.5 % boys and 77.5 % girls) from five Chilean cities distributed in northern, central, and
southern macro zones participated in a convenience sampling. The Global Food Quality Index was applied. The data were analyzed in the IBM
SPSSV24 statistical program. Differences in proportions were analyzed employing crossed tables.

Results: schoolchildren from rural areas presented lower eating quality than their urban peers (p = .005). Schoolchildren who eat with the

Keywords: whole family had better indicators of eating quality than those who ate alone (p = .002). In nine out of 12 dietary components, evaluated females
) ) present higher compliance with dietary recommendations.

Food quality. Pandemic. . ) o ) ! ) ) ) . . R

COVID-19. Preschoolers. Conclusions: further research is needed on changes in dietary intake and dietary quality of children and their families during the pandemic. This

Schoolchildren. Chile. will allow us to analyze the impact of the pandemic on eating behavior and its possible consequences.
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INTRODUCCION

Durante la pandemia de COVID-19, a nivel global se aplicaron
medidas de control como el aislamiento a través de cuarentenas
con la finalidad de reducir la interaccion social y la propagacion
de la enfermedad (1,2). En Chile, el comienzo de las cuarentenas
fue declarado por el Ministerio de Salud en marzo de 2020 (3).
Una de las principales consecuencias posteriores a las cuarente-
nas fue el cierre masivo de los establecimientos educacionales,
para luego virtualizar la totalidad de las actividades académicas
de todos los niveles educativos con el objetivo de reducir el im-
pacto educativo y financiero (4).

El efecto sobre la salud general vinculado a la pandemia y
la inestabilidad econdmica afectaron fuertemente a familias de
todo el mundo (5). Sin embargo, algunos grupos vulnerables
experimentaron de manera alin mas intensa el impacto de la
pandemia, como es el caso de nifios y nifias que dependen de
los servicios escolares para cubrir sus necesidades nutricionales
(6,7). Cabe mencionar que una alimentacion suficiente, adecua-
da y de calidad es fundamental para asegurar el desarrollo de
todas las potencialidades de nifios y nifias durante el curso de la
vida, sobre todo en las etapas preescolar y escolar que determi-
nan su salud futura (7). En este contexto, la calidad de la alimen-
tacion, es entendida como el conjunto de atributos nutricionales
consumidos regularmente que pueden condicionar positiva o
negativamente la salud de los individuos. Para evaluarla es ne-
cesario ponderar la frecuencia de consumo tanto de alimentos
saludables como no saludables, ademas de la regularidad de los
tiempos de comida (8).

En este marco, es necesario mencionar que el tltimo informe
del Mapa Nutricional de 2020 (9) reportd un aumento de la pre-
valencia de obesidad, obesidad severa y obesidad total, ademas
del aumento de la prevalencia de desnutricion y retraso de la
talla. El sobrepeso y la obesidad alcanzaron el 54 % en todos
los niveles, donde las cifras mas alarmantes se encontraron en
los niveles de quinto basico (64,0 %), primero basico (53,7 %),
kinder (53,5 %) y prekinder (51,2 %). Por otra parte, respecto a
la malnutricion por déficit, se destac el aumento de estudian-
tes con desnutricion en todos los niveles, excepto quinto basico,
donde en el afio 2019 la prevalencia era de un 1,8 % y en 2020
alcanzo el 2,6 % (9).

Previamente al inicio de la pandemia, la Gltima Encuesta Na-
cional de Consumo Alimentario (ENCA) 2016-2017 (10) reportd
que solo el 5,3 % de la poblacion chilena total alcanzo la ca-
tegoria de alimentacion saludable; la categoria intermedia, que
requiere cambios, obtuvo la mayor proporcion, con un 86,9 %; y
la alimentacion poco saludable, un 7,8 %. En el mismo contexto,
la macrozona sur, areas rurales y niveles socioecondmicos bajos
y medios-hajos presentaron la mayor proporcion de alimentacion
poco saludable.

Si bien la evidencia disponible sobre calidad de la alimentacion
en pandemia es escasa, existen algunos antecedentes. En abil
de 2020, pocos meses después del inicio de la pandemia, se
detectd que el 35 % de los hogares con nifios y nifias menores
de 18 afios sufrian de inseguridad alimentaria, con una disminu-
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cion en su calidad de la alimentacion en comparacion con el afio
2018 (11). Por otra parte, se reportaron aumentos significativos
en la calidad de los alimentos y en la cantidad de los mismos
durante la pandemia, sobre todo en estudiantes de ingresos altos
y familias pequefias (12). En Chile, se experimentd un aumento
de los patrones disfuncionales de la ingesta alimentaria cuando
aumentaron los indices de sintomatologia ansiosa y mayor pre-
sencia de alimentacion emocional en mujeres (13).

Considerando que el impacto de la pandemia sobre la alimen-
tacion y salud de las personas se proyecta a largo plazo (14), la
insuficiente evidencia disponible y la contrariedad de la existente,
el objetivo de la presente investigacion fue analizar la calidad
global de la alimentacién de preescolares y escolares en Chile
durante la pandemia de COVID-19. En este contexto, la hipdtesis
sostuvo que la categoria intermedia de calidad de alimentacion
(necesita cambios) seria la predominante, con altos niveles de
incumplimiento de recomendaciones segun guias alimentarias a
nivel especifico por grupos de alimentos.

METODO

PARTICIPANTES

La muestra total estuvo compuesta por 551 nifios (22,5 %) y ni-
fas (77,5 %) residentes en cinco ciudades del Chile distribuidas por
zonas. De la zona norte participaron nifios y nifias de las ciudades
de Antofagasta y la Serena, en representacion de la zona centro
se consideraron las ciudades de Santiago y Vifia del Mar y de la
zona sur se considero la ciudad de Valdivia. Cabe mencionar que los
participantes residian tanto en zonas urbanas como rurales del pais.
Para el presente estudio se consideraron los niveles de transicion
menor y transicion mayor, ademas de los niveles correspondientes
a primer ciclo escolar (primero a cuarto bésico). El detalle de los
antecedentes sociodemograficos se muestra en la tabla |.

INSTRUMENTOS
indice de calidad global de la alimentacién

El instrumento esta disefiado para categorizar cuan saludable
es el patron de alimentacion (8). Estd compuesto de 12 items
distribuidos en tres dimensiones que integran las siguientes ca-
racteristicas: alimentos saludables (frutas, verduras, legumbres,
lacteos), alimentos no saludables (pasteles, galletas y dulces) y
tiempos de comidas (desayuno, almuerzo y cena); los resultados
se clasifican en saludable, necesita cambios y alimentacion poco
saludable. Para el procesamiento de la encuesta se asigno un
puntaje, siendo el maximo de 10 puntos el ideal segun reco-
mendaciones de guias alimentarias y 1 punto para cuantificar lo
menos saludable. El puntaje maximo para las 12 variables es de
120 puntos. Los puntos de cortes que definieron las categorias
fueron los siguientes: saludable: 90-120 puntos; necesita cam-
bios: 60-89 puntos; y poco saludable: < 60 puntos.
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Tabla I. Caracteristicas sociodemograficas de la muestra
Total Hombres Mujeres
n (%) n (%) n (%)
Prekinder 43 (7,8) 9(7,3 34 (8,0
Kinder 123 (22,3) 28 (22,6) 95 (22,2)
Primero 114(20,7) 24 (19,4 90 (21,1)
Nivel*
Segundo 101 (18,3) 6 (12,9 85 (19,9)
Tercero 99 (18,0) 24 (19,4) 75 (17,6)
Cuarto 71(12,9) 23 (18,5) 48 (11,2)
Antofagasta 107 (19,4) 21 (16,9) 86 (20,1)
La Serena 129 (23,4) 24 (19,4) 105 (24,6)
Regién Santiago 258 (46,8) 64 (51,6) 194 (45,4)
Vifia del Mar 33 (6,0) ( 0) 28 (6,6)
Valdivia 24 (4,4) 0(8,1) 433
Urbana 502 (91,1) 107 (86,3) 395 (92,5)
Zona de residencia
Rural 49 (8,9) 17 (13,7) 32(7,9)
Menos de M$320 165 (29,9) 39 (31,5) 126 (29,5)
M$320-500 264 (47,9) 52 (41,9) 212 (49,6)
Ingreso familiar M$500-1.000 78 (14,2) 22 (17,7) 56 (13,1)
M$1.000-1.500 (3,8 6 (4,8) 53,9
Més de M$1.500 4,2 5(4,0) 18 (4,2)
Jefe/a hogar - conyuge - hijo/a 274 (49,7) 54 (43,5) 220 (51,5
Jefe/a hogar - conyuge -hijo/a - familiares 101 (18,3) 32 (25,8) 69 (16,2)
Jefe/a hogar - hijo/a 102 (18,5) 21 (16,9) 81(19,0)
Composicion familiar
Pareja mismo sexo - hijo/a 6(1,1) 2 (1,6) 40,9
Padres separados 3(7,9) 9(7,3) 34 (8,0
Otra 25 (4,5) 6 (4,8) 19 (4,4)
Menos de 3 8 (6,9) 10 (8,1) 28 (6,6)
Nimero de personas Entre 3y 5 398 (72,2) 86 (69,4) 312 (73,1)
en el hogar Entre 5y 10 109 (19,8) 25(20,2) 84(19,7)
Mas de 10 6(1,1) 3(2,4) 3(0,7)
*Prekinder y kinder son niveles previos a la Educacion Primaria. Primero, segundo, tercero y cuarto basico corresponden a Educacion Primaria. TM$320 es equivalente
a $uSD364.
PROCEDIMIENTO de completar los cuestionarios, los participantes debian aceptar

Esta investigacion fue revisada y aprobada por el Comité de
Etica Cientifico de la Universidad Santo Tomés bajo la resolu-
cion n.23/2020. El reclutamiento de los participantes se realizd
a través de un muestreo por conveniencia combinado con bola
de nieve (15) en escuelas domiciliadas en las cinco ciudades
incluidas en esta investigacion. Cabe destacar que la recoleccion
de los datos se realizo durante el periodo de confinamiento y, por
ende, la bateria de cuestionarios se disefid digitalmente y fue
distribuida a los apoderados por medio de los profesores. Antes

su participacion por medio del consentimiento informado.

ANALISIS ESTADISTICOS

Los datos fueron analizados por medio del programa esta-
distico IBM SPSS V24. Se realizaron analisis descriptivos de la
totalidad de las variables sociodemograficas y relativas a la cali-
dad de la alimentacion. Posteriormente, se realizaron pruebas de
diferencias de proporciones para observar si existian diferencias
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significativas entre grupos de contraste. Para ello se utilizo la
prueba de Chi-cuadrado mediante tablas cruzadas para frecuen-
cias absolutas mayores a 5; en caso de frecuencias absolutas
menores de 5 se utilizo la prueba exacta de Fisher.

RESULTADOS

En primer lugar, en la tabla | se describen las caracteristicas
sociodemograficas de la muestra total y por sexo.

Respecto de la calidad global de la alimentacion (CGA) en la
muestra total, un 7,3 % de los participantes tuvo una alimenta-
cion poco saludable, un 65,7 % necesita cambios y un 27,0 %
obtuvo la categoria saludable. De acuerdo con el andlisis de dife-
rencia de proporciones segun la CGA contrastada con variables
sociodemogréaficas (Tabla Il), se observaron diferencias estadis-
ticamente significativas respecto de la zona de residencia, don-
de preescolares y escolares de zonas rurales presentaron una
mayor proporcion en la categoria de poco saludable y una menor
proporcion en la categoria saludable (Chi-cuadrado = 10,714,
p =,005). Respecto de la edad de la madre, también se reporta-
ron diferencias significativas (prueba exacta de Fisher = 15,760,
p =,034), donde escolares y preescolares de madres de entre
20y 25 afios presentaron la mayor proporcion de alimentacion
saludable. Por otra parte, no se observaron diferencias estadis-
ticamente significativas de acuerdo al sexo, nivel, regiones, in-

greso economico familiar, composicion familiar, edad del padre y
numero de personas en el hogar.

Posteriormente, se contrastd la CGA con algunas variables
especificas sobre habitos alimentarios puntuales (Tabla Ill). Res-
pecto al aumento, mantencion o disminucion del consumo de
alimentos en pandemia, fue posible evidenciar diferencias sig-
nificativas (prueba exacta de Fisher = 19,429, p = ,013). En la
pregunta de si nifios y nifias se saltan comidas, se observaron
diferencias significativas, las cuales se acentuaron en las cate-
gorfas de poco saludable y saludable (Chi-cuadrado = 28,340,
p =,000). Respecto al tipo de comida consumida regularmente,
se observo una mayor proporcion de consumo de comida ca-
sera con respecto a la comida rdpida (prueba exacta de Fisher
= 13,561, p = ,001). Finalmente, frente a la pregunta de con
quién come regularmente su hijo, se observaron diferencias es-
tadisticamente significativas en favor de aquellos preescolares y
escolares que comen junto a toda la familia (prueba exacta de
Fisher = 29,614, p = ,002).

En la tabla IV se exponen los porcentajes de cumplimiento de
las recomendaciones basadas en las guias alimentarias para po-
blacién chilena. Cabe destacar que, de los 12 puntos evaluados,
las mujeres presentan un mejor porcentaje de cumplimientos en
nueve de ellos. Por su parte, los hombres solo tuvieron un mejor
porcentaje de cumplimiento en lo que respecta a las recomen-
daciones de consumo de leche y derivados lacteos, legumbres
y pescados.

Tabla Il. Calidad global de la alimentacion de acuerdo a caracteristicas sociodemograficas

Poco saludable Necesita cambios Saludable
n (%) n (%) n (%)
Hombres 12(9,7) 82 (66,1) 30 (24,2)
Sexo -
Mujeres 28 (6,6) 280 (65,6) 119 (27,9)
Prekinder 3(7,0) 22 (51,2) 18 (41,9)
Kinder 5(4,1) 84 (68,3) 34 (27,6)
. Primero 7(6,1) 72 (63,2) 35(30,7)
Nivel
Segundo 8(7,9 70 (69,3) 23 (22,9)
Tercero 11.(11,1) 66 (66,7) 22 (22,2)
Cuarto 6 (8,5) 48 (67,6) 17 (23,9)
Antofagasta 10(9,3) 74 (69,2) 23 (21,5)
La Serena 6 (4,7) 86 (66,7) 37 (28,7)
Region Santiago 20 (7,8) 162 (62,8) 76 (29,5)
Vifia del Mar 2(6,1) 23 (69,7) 8(24,2)
Valdivia 2(8,3) 17 (70,8) 5(20,8)
Zona Urbana 32 (6,4) 327 (65,1) 143 (28,5)
de residencia Rural 8(16,3) 35(71,4) 6(12,2)
Menos de M$320 14 (8,5) 104 (63,0) 47 (28,5)
M$320-500 19(7,2) 183 (69,3) 62 (23,5)
Ingreso familiar | M$500-1.000 5 (6,4) 45 (57,7) 28 (35,9)
M$1.000-1.500 0(0,0) 16 (76,2) 5(23,8)
Més de M$1.500 2(8,7) 14 (60,9) 7(30,4)
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Tabla Il (Cont.). Calidad global de la alimentacion de acuerdo a caracteristicas

sociodemograficas
Poco saludable Necesita cambios Saludable
n (%) n (%) n (%)
Jefe/a hogar - conyuge - hijo/a 19(6,9 186 (67,9) 69 (25,2)
Jefe/a hogar - conyuge - hijo/a - familiares 4 (4,0 67 (66,3) 30 (29,7)
Composicién Jefe/a hogar - hijo/a 13(12,7) 58 (56,9) 31 (30,9
familiar Pareja mismo sexo - hijo/a 1(16,7) 4 (66,7) 1(16,7)
Padres separados 1(2,3) 28 (65,1) 14 (32,6)
Otra 2(8,0) 19 (76,0) 4 (16,0)
Menos de 15 0(0,0) 4(100,0) 0(0,0)
Entre 15y 20 0(0,0) 0(0,0) 0(0,0)
Edad Entre 20y 25 4(12,5) 13 (40,6) 15 (46,9)
de la madre Entre 25y 30 3(2,8) 76 (71,7) 27 (25,9
Entre 30y 35 15(10,1) 69 (64,4) 38 (25,5)
Méas de 35 18 (6,9) 173 (66,5) 69 (26,5)
Menos de 15 0(0,0) 0(0,0) 1 (100,0)
Entre 15y 20 0(0,0) 0(0,0) 1 (100,0)
Entre 20y 25 3(13,0) 15 (65,2) 5(21,7)
Edad del padre
Entre 25y 30 1(1,2) 57 (70,4) 23 (28,4
Entre 30y 35 8 (6,6) 80 (66,1) 33(27,3)
Méas de 35 28 (8,6) 210 (64,8) 86 (26,5)
i Menos de 3 25,3 22 (57,9) 14 (36,8)
) Fntre 3y 5 27 6,8) 261 (65,6) 110 (27.6)
de personas
en el hogar Entre 5y 10 98,3 75 (68,8) 25(22,9)
Méas de 10 2 (33,3 4 (66,7) 0(0,0)
Tabla lll. Calidad global de la alimentacion y habitos alimentarios
Poco saludable Necesita cambios Saludable
n (%) n (%) n (%)
Durante la pandemia, ¢su hijo/a ha comido...?
Mucho menos de lo habitual 4(17,4) 15 (65,2) 4(17,4)
Menos de lo habitual 7(15,9) 27 (61,4 10 (22,7)
Igual que siempre 13(4,7) 176 (63,5) 88 (31,8)
Més de lo habitual 10 (5,9) 119 (70,0) 41 (241)
Mucho mas de lo habitual 5(13,9) 25 (69,4) 6 (16,7)
¢Su hijo/a se salté comidas?
Si 22 (14,4) 109 (71,2) 22 (14,4)
No 18 (4,5) 253 (63,6) 127 (31,9)
¢Qué tipo de comida consume su hijo/a regularmente?
Casera 33(6,2 350 (66,2) 146 (27,6)
Répida 7(31,8) 12 (54,5) 3(13,6)
¢Con quién come su hijo/a regularmente?
Toda la familia 21 (6,3) 207 (62,3) 104 (31,3)
Algunos familiares 14 (6,8) 147 (711,7) 44 (21,5)
Otros (vecinos o0 compareros) 1(16,7) 5(83,3) 0(0,0)
Solo/a 4 (50,0) 3(37,5 1(12,5)
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Tabla IV. Porcentaje de cumplimiento de recomendaciones por grupos de alimentos
y tiempos de comida entre nifios y nifias

Recomendacion por grupo de alimentos Total Hombres Mujeres
y tiempos de comida* n (%) n (%) n (%)

Verduras 63 (11,4) 19 (15,3) 66 (15,5)
Frutas 137 (24,9) 24 (19,4 113 (26,5)
Leche y derivados 238 (43,2) 54 (43,5) 184 (43,1)
Legumbres 180 (23,7) 48 (38,7) 132 (30,9)
Pescados 73(13,2) 18 (14,5) 55(12,9)
Pasteles, galletas, dulces 63 (11,4) 10 (8,1) 53 (12,4)
Bebidas azucaradas 157 (28,5) 24 (19,4) 133 (31,4)
Azticar 147 (26,7) 31(25,0 116 (27,2)
Frituras 165 (29,9) 29 (23,4) 136 (31,9)
Desayuno 475 (86,2) 102 (82,3) 373 (87,4
Almuerzo 480 (87,1) 103 (83,1) 377 (88,3)
Once/cena 458 (83,1) 97 (72,2) 361 (84,5)

*Verduras y frutas: 2-3 porciones por dia; leche y derivados: tres porciones al dia; leqgumbres y pescados: dos veces por semana; pasteles, galletas, dulces, bebidas
azucaradas, azicar y frituras: ocasionalmente o nunca, desayuno, almuerzo y once o cena: diariamente.

DISCUSION

Se analizé la calidad global de la alimentacion de preesco-
lares y escolares en Chile durante la pandemia de COVID-19.
La hipétesis sostuvo que la categoria intermedia de calidad de
alimentacion (necesita cambios) seria la predominante, con altos
niveles de incumplimiento de recomendaciones segun las guias
alimentarias a nivel especifico por grupos de alimentos.

Respecto a la calidad de la alimentacion, la categoria de ne-
cesita cambios fue la de mayor proporcion tanto en hombres
como en muijeres, lo que se corresponde con los resultados de
la ENCA previos a la pandemia (10). Sin embargo, se presen-
taron diferencias en ambos extremos, donde hubo una mayor
proporcion en las categorias de alimentacion saludable y poco
saludable respecto de la ENCA. Esto podria estar dado por la
agudizacion de una alimentacion poco saludable e insuficiente
en aquellos nifios y nifias de sectores vulnerables que reciben
diariamente alimentacion en sus escuelas (11). Por su parte, el
aumento de la categoria saludable podria responder, en parte, a
las ayudas econdmicas desplegadas por el Gobierno para cubrir
las necesidades basicas de las familias (16) y a la posibilidad de
un mayor control sobre la alimentacion de nifios y nifias por parte
de sus cuidadores al encontrarse en confinamiento (17). Cabe
mencionar que un aumento del indice de alimentacion saludable
en pandemia ya ha sido reportado en nifios y nifias (12).

Respecto al cruce entre la calidad de la alimentacion y las
variables sociodemograficas, solo se reportaron diferencias sig-
nificativas entre las zonas de residencia urbana-rural. En con-
traste con la ENCA, la principal diferencia se da en zonas urba-
nas, donde se presentd una disminucion en alimentacion poco
saludable y la proporcion de alimentacion saludable fue mas del
triple del valor reportado en la ENCA. Esto podria deberse, en
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parte, a un mayor control respecto de la alimentacion de nifios
y nifias, ademas de una mayor accesibilidad a diversos alimen-
tos si se comparan con zonas rurales que poseen desventajas
estructurales en cuanto al acceso de servicios sanitarios y ali-
mentarios (18). Cabe mencionar que la evidencia previa destaco
un aumento considerable de preparaciones caseras durante el
confinamiento (12).

Por su parte, la edad materna, especificamente el rango de 20
a 25 afios, tuvo promedio de alimentacion saludable de casi 20
puntos superior al resto, 1o que podria estar dado por la mayor
adherencia de estas madres a los programas de intervencion
en estilos de vida saludable que se realizaron durante la pan-
demia en los establecimientos educacionales via remota. Esto
se sustenta en la evidencia que nos sefiala que la participacion
previa de los padres en una intervencion de estilo de vida para
nifios protege contra el incremento de peso (19,20). También,
en estudios en lactantes se ha encontrado que la edad de la
madre tiene un impacto positivo en la nutricion de los nifios (21).
Ademas, otras variables de la madre como el menor indice de
masa corporal (IMC), un mayor nivel educativo e ingresos men-
suales del hogar durante la pandemia estan asociados con una
menor tendencia a obesidad en los nifios y nifias (22). Es asi
como aquellos hogares resilientes en los que los padres tenian
una vivienda y empleos seguros pudieron adaptarse mejor a los
desafios de la pandemia, con menor inseguridad alimentaria y
mejores practicas de alimentacion (23).

A un nivel mas especifico, cuando se consultd a cuidadores
sobre si nifios y nifias comieron igual, mas o menos en com-
paracion con el periodo prepandemia, aquellos que reportaron
tener una alimentacion igual tuvieron una mayor proporcion de
alimentacion saludable. En cambio, cuando la alimentacion va-
rio significativamente a cualquier extremo (mucho mas o mucho
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menos que antes), la calidad de la alimentacion disminuy6. En
este sentido, las variaciones en la ingesta de alimentos producto
del entorno altamente estresante se tornaron un factor de riesgo
para la ingesta de alimentos de baja calidad nutricional (24,25).
Por otra parte, el hecho de que se pudiese mantener la alimenta-
cion de nifios y nifias en forma similar que previo a la pandemia
da cuenta de la intencionalidad de promover estilos de alimen-
tacion saludable por parte de los cuidadores, lo que se torna un
factor protector para la salud de nifios y nifias (26).

Del mismo modo, el hecho de comer en familia, con prepara-
ciones caseras, y sin saltarse comidas se relaciond significativa-
mente con una mayor proporcion de alimentacion saludable, lo
que refuerza la necesidad de estilos de alimentacion directivos
por parte de los cuidadores (27) desde edades tempranas (17).

Con respecto al cumplimiento del consumo de alimentos, exis-
ten variaciones por grupos en relacion a la ENCA; para el caso
de frutas y verduras, el cumplimiento reportado fue menor en
comparacion con la prepandemia. El cumplimiento de lacteos fue
menor en comparacion con preescolares, pero mayor que en es-
colares. En el caso de las legumbres, el consumo reportado fue
levemente menor en comparacion con la ENCA. En cuanto a los
pescados, el consumo fue similar en escolares, pero menor en
preescolares. Esto podria explicarse porque la muestra corres-
ponde a nifos y nifias pertenecientes a establecimientos munici-
pales y particulares subvencionados, beneficiarios del programa
de alimentacion escolar, donde existe una estructura de minuta
que garantiza una frecuencia semanal de estos alimentos por
minuta establecida. Asimismo, a nivel internacional, durante la
pandemia se observo que los padres ofrecieron menos del 50 %
de la porcion recomendada para verduras y proteinas. Cenar en
familia, planificar la comida y preparar comida casera se asocia-
ron con una mayor oferta de proteinas, verduras, lacteos, agua y
cereales refinados (28).

Con respecto a las limitaciones, dadas las circunstancias en
las cuales se encontraban preescolares y escolares durante la
pandemia, se optd por un muestreo no probabilistico por con-
veniencia. Del mismo modo, al no poder recolectar los antece-
dentes de forma presencial, no fue posible obtener datos an-
tropométricos como peso, talla y circunferencia de cintura, que
hubiesen sido fundamentales para un analisis mas robusto de la
salud alimentaria y nutricional de nifios y nifias. Del mismo modo,
en algunas zonas rurales poseen problemas de conectividad que
les impidio participar en el estudio.

Sin embargo, a pesar de las limitaciones, se considera que los
resultados expuestos en la investigacion son de suma utilidad
para contar con puntos de referencia a fin de analizar el impacto
de la pandemia sobre la alimentacion y salud de nifios y nifias.
Asimismo, ofrece antecedentes que permiten elaborar recomen-
daciones alimentarias y nutricionales con el objetivo de mitigar el
efecto a largo plazo sobre la salud preescolar y escolar.

Se requieren mas investigaciones sobre los cambios de inges-
ta dietética y calidad de la alimentacion de los nifios y nifias y
sus familias durante la pandemia. Esto permitira analizar el im-
pacto de la pandemia en la conducta alimentaria y sus posibles
consecuencias.

N. Hun et al.
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Abstract

Introduction: obesity childhood is related to vitamin D deficiency. The aim of this study was to compare vitamin D status between adolescents
with obesity living in an urban area and in a rural area. We hypothesized that environmental factors would be decisive in reducing the body
content of vitamin D in patients with obesity.

Methods: a cross-sectional clinical and analytical study (calcium, phosphorus, calcidiol and parathyroid hormone) was carried out in a group of
259 adolescents with obesity (BMI-SDS > 2.0), 249 adolescents with severe obesity (BMI-SDS > 3.0) and 251 healthy adolescents. The place
of residence was categorized as urban or rural. Vitamin D status was defined according to the US Endocrine Society criteria.

Results: vitamin D deficiency was significantly higher (p < 0.001) in severe obesity (55 %) and obesity groups (37.1 %) than in the control group

Keywords: (14 %). Vitamin D deficiency was more frequent in severe obesity (67.2 %) and obesity groups (51.2 %) living in urban areas than in those living

= inrural areas (41.5 % and 23.9 %, respectively). The patients with obesity living in urban residence did not present significant seasonal variations
égg':if;e;;fét%;'rggo" in vitamin D deficiency in contrast to those patients with obesity living in rural residence.

hormone. Rural areas. Conclusions: the most probable mechanism for vitamin D deficiency in adolescents with obesity, rather than altered metabolic is the environmental
Urban areas. Vitamin D. factors (sedentary lifestyle and lack of adequate sunlight exposure).
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Palabras clave:

Resumen

Introduccion: la obesidad esta relacionada con la deficiencia de vitamina D. El objetivo del presente estudio fue comparar el estado de vitamina
D entre adolescentes con obesidad con residencia urbana y rural. Se hipotetiza que los factores ambientales serian determinantes en la reduccion
del contenido corporal de vitamina D en pacientes con obesidad.

Métodos: estudio transversal clinico y analitico (calcio, fésforo, calcidiol y PTH) en un grupo de 259 adolescentes con obesidad (IMC-SDS >
2,0), 249 adolescentes con obesidad severa (IMC-SDS > 3,0) y 251 adolescentes sanos. El estado de vitamina D se defini6 de acuerdo con los
criterios de la Sociedad Americana de Endocrinologia.

Resultados: la deficiencia de vitamina D fue superior (p < 0,05) en los grupos de obesidad severa (55 %) y obesidad (37,1 %) respecto al grupo
de control (14 %). La prevalencia de deficiencia de vitamina D fue superior (p < 0,05) en los grupos de obesidad severa (67,2 %) y obesidad
(51,2 %) con residencia urbana respecto a los que vivian en areas rurales (41,5 % y 23,9 %, respectivamente). Los pacientes con obesidad y
obesidad severa con residencia urbana no presentaban variaciones estacionales en la deficiencia de vitamina D en contraste con los pacientes

Adolescentes. Calcidiol.
Obesidad. Hormona
paratiroidea. Area rural.
Area urbana. Vitamina D.

con residencia rural.

INTRODUCTION

Vitamin D is currently attributed a pleiotropic profile (1-3).
In point of fact, basically every human tissue and cell contains
vitamin D receptors, and its biological effects are categorized
as skeletal (bone metabolism and calcium homeostasis) and
extra-skeletal (hypovitamosis D appears to be involved in auto-
immune diseases, infections, neuropsychiatric disorders, cardio-
vascular risk, prostate and breast cancer, etc.), a circumstance
that justifies the interest in monitoring its body content.

Furthermore, the prevalence of childhood obesity has gradually
increased in the course of the last decades, establishing itself as
the most relevant nutritional disorder in our environment (4,5). Even
though obesity is considerate as a multifactorial disorder, the celerity
of its increase in prevalence is related essentially to environmental
factors: scarce healthy nutrition habits as well as a sedentary life-
style conditioned, to some extent, by new technologies (screen time,
including television viewing, use of computers and video games) (6).

Several studies have demonstrated that obesity childhood is
related to vitamin D deficiency (7-10). The main source of vitamin
D is the exposure to natural sunlight (cutaneous synthesis through
ultraviolet B radiation) and, therefore, the higher prevalence of
vitamin D deficiency in adolescents with obesity could be related
to a more sedentary lifestyle (less mobility and participation in
outdoor activities) and, consequently, a lack of adequate sun
exposure. However, many explanations have been proposed
for this association, but interestingly, they hardly introduce
theoretical mechanisms that imply limited sun exposure: storage
or sequestration in adipose tissue, volumetric dilution, impaired
hepatic 25-hydroxylation, etc. (3,11-14).

The main causes of vitamin D deficiency are generally relat-
ed either to some physical agent that obstructs solar radiation
(clothing, sunscreen, etc.) or to geographical characteristics,
such as latitude and season of the year, cloudy weather, altitude,
etc. (2,15). In fact, recent studies using an objective and accurate
method for ultraviolet radiation monitoring in adolescents have
revealed that rural residents received higher levels of ultraviolet
radiation exposure than urban residents did (16,17).

This study aims to compare vitamin D status between
adolescents with obesity living in an urban area and in a rural
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Conclusiones: el mecanismo mas probable para la deficiencia de vitamina D en adolescentes con obesidad, mas que alteraciones metabdlicas,
serian los factores ambientales (sedentarismo y falta de exposicion solar adecuada).

area in Navarra, Spain (latitude between 43° 16’ 42” and 41° 55’
22” North). We hypothesized that environmental factors (outdoor
activities and sun exposure) would be decisive in reducing the
body content of vitamin D in patients with obesity.

METHODS

PARTICIPANTS

We conducted a cross-sectional study (convenience sample)
in a group of 259 patients, aged 9.6-15.7 years, previously di-
agnosed with obesity (obesity group, BMI-DS > 2.0, 97th per-
centile) and 249 patients, aged 9.8-15.3 years, diagnosed with
severe obesity (severe obesity group, BMI-DS > 3.0, 99th per-
centile), who underwent clinical examination (sex, age, season of
study visit, place of residence and BMI) and blood testing (calci-
um, phosphorus, calcidiol and PTH) in the Pediatric Endocrinolo-
gy Unit during the period January 2014 to December 2021. The
place of residence was categorized as urban or rural subgroups
by means of population (more or less than 10,000 inhabitants,
respectively).

In addition to that, these parameters (clinical examination and
blood testing) were determined in a control group that consisted
of 251 healthy adolescents, aged 9.9-15.4 years, with BMI-DS
ranging from -1.0 (15th percentile) to +1.0 (85th percentile).

Al participants included in the study showed any sign of pu-
bertal development (Tanner stages II-V), and were additionally
Caucasian individuals living in Navarra, Spain. Participants had
neither any condition affecting bone health or chronic patholo-
gies that might alter growth, body composition, food ingestion,
or physical activity, nor had they received any medication (an-
tiepileptic drugs or glucocorticoids), vitamin D, or calcium sup-
plements.

Parents and/or legal guardians were informed and provided
written consent for the participation in this study in all cases.
This study was approved by the Ethics Committee for Human
Investigation of Navarra Hospital (in accordance with the ethical
standards laid down in the 1964 Declaration of Hensinki and
later amendments).
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CLINICAL EXAMINATION

The standardized protocol that was used for the anthropomet-
ric measurements had been previously published (18). Weight
and height measurements were taken with subjects in under-
clothing and barefoot. Weight was measured using an Afo-Sayol
scale (reading interval 0-120 kg and a precision of 100 g), and
height was measured using a Holtain wall stadiometer (reading
interval 60-210 cm, precision 0.1 cm).

The standard deviation (DS) values for the BMI were calcu-
lated applying the program Aplicacion Nutricional, from the
Spanish Society of pediatric gastroenterology, hepatology and
nutrition (Sociedad Espafiola de Gastroenterologia, Hepatologia
y Nutricion Pediatrica, available at http://www.gastroinf.es/nutri-
tional/). The graphics by Ferrandez et al. (Centro Andrea Prader,
Zaragoza 2002) were used as reference charts (19).

BLOOD TESTING

Blood testing for biochemical determinations (calcium, phos-
phorus, calcidiol and PTH) was collected under basal fasting
conditions (between 8:00 h and 9:00 h after an overnight fast).

Calcium and phosphorous plasma levels were determined
in a fasting sample of blood using colorimetric methods in a
COBAS 8000 analyzer (Roche Diagnostic, Mannheim, Germany).
The determination of calcidiol levels required a high-specific
chemiluminiscence-immunassay  (LIAISON ~ Assay, Diasorin,
Dietzenbach, Germany), and the determination of PTH levels a
highly specific solid-phase, two-site chemiluminescent enzyme-
labeled immunometric assay in an Immulite analyzer (DPC
Biermann, Bad Nauheim, Germany).

The criteria of the United States Endocrine Society (20) were
followed to distribute individuals according to vitamin D plasma
levels. In this way, calcidiol plasma levels lower than 20 ng/ml
(< 50 nmol/L) corresponded to vitamin D deficiency, calcidiol
levels between 20 and 29 ng/ml (50-75 nmol/L) to vitamin D in-
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sufficiency, and concentrations equal to or higher than 30 ng/ml
(> 75 nmol/L) to vitamin D sufficiency.

STATISTICAL ANALYSIS

Results are displayed as percentages (%) and means (M) with
corresponding standard deviations (SD). The statistical analysis (de-
scriptive statistics, Student’s t-test, analysis of variance, x? test, and
Pearson’s correlation) was performed using the program Statistical
Packages for the Social Sciences version 20.0 (Chicago, IL, USA).
Statistical significance was assumed when the p-value was < 0.05.

RESULTS

Table | shows and compares the distribution of demographic
features in the control, obesity and severe obesity groups. No
significant differences were found in the distribution in relation
to sex, season of blood sample collection and place of residence.

The mean values for calcidiol were significantly lower
(o < 0.001) in the obesity (22.1 + 8.3 mg/mL) and severe
obesity (19.3 + 7.9 mg/mL) groups than in the control group
(27.4 = 7.5 mg/mL), whereas the mean values for PTH levels
were significantly higher (p < 0.001) in the obesity (49.6 +
17.3 ng/mL) and severe obesity (51.2 + 16.8 ng/mL) groups than
in the control group (30.1 + 13.8 ng/mL). There were no significant
differences in the variables of age (control group: 12.8 + 1.6,
obesity group: 13.1 = 1.7, and severe obesity group: 13.2 = 1.7
years; p = 0.512) and calcium (control group: 9.9 + 0.3, obesity
group: 9.8 = 0.3, and severe obesity group: 9.7 = 0.3 mg/dL;
p = 0.441) and phosphorus levels (control group: 4.4 = 0.5,
obesity group: 4.4 + 0.6, and severe obesity group: 4.4 +
0.5 mg/dL; p = 0.740) between the different groups. Obviously,
the mean values for BMI-SD were significantly higher (p < 0.001)
in the severe obesity (4.17 + 1.11) and obesity groups (2.49 =
0.27) with respect to the control group (0.14 + 0.09).

Table I. Distribution of geographic/demographic features in severe obesity, obesity,
and control groups

Variables Control Obesity Severe obesity —values*
(n = 251) (n = 259) (n = 249) P
Sex
Boys 128 (51.0 %) 114 (44.0 %) 130 (52.2 %) 0.135
Girls 123 (47.0 %) 145 (56.0 %) 119 (47.8 %)
Season of study visit
Winter 78 (31.1 %) 56 (21.6 %) 56 (22.5 %)
Spring 55 (21.9 %) 57 (22.0 %) 51 (20.5 %) 0.116
Summer 47 (18.7 %) 47 (18.1 %) 49 (19.7 %)
Autumn 71 (28.3 %) 99 (38.2 %) 93 (37.3 %)
Residence
Urban 119 (47.4 %) 125 (48.3 %) 131 (52.6 %) 0.459
Rural 132 (52.6 %) 134 (51.7 %) 118 (47.4 %)
*Ch.
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The prevalence of vitamin D deficiency was significantly higher
(p < 0.001) in the severe obesity (55.0 %) and obesity (37.1 %)
groups than in the control group (14.0 %). Furthermore, only 9.2 %
and 15.1 % of patients of the severe obesity and obesity groups
showed levels of calcidiol higher than 30 ng/mL, respectively, in
contrast to 40.4 % of the participants in the control group.

In each group, the highest prevalence of vitamin D deficiency
(p < 0.001) corresponded to winter (severe obesity group:
71.4 %, obesity group: 41.1 %, and control group: 25.6 %), and
they reached a minimum in the summer (severe obesity group:
32.7 %, obesity group: 25.5 %, and control group: 2.2 %). The
prevalence of vitamin D deficiency in the different seasons of the
year was significantly higher (p < 0.001) in the severe obesity
and obesity groups with respect to the control group.

Table Il shows and compares the mean values for biochemical
determinations on the basis of vitamin D status between the
different groups. No significant differences were detected in calcium
and phosphorus levels between the different vitamin D status, and
obviously calcidiol levels were significantly lower (p < 0.001) in
vitamin D insufficiency and deficiency participants than sufficiency
vitamin D in each groups. PTH levels were significantly higher
(p < 0.001) in vitamin D insufficiency and deficiency participants
than in vitamin D sufficiency within each group. In addition, there
were no significant differences in calcium, phosphorus, and
calcidiol levels in each vitamin D status between the different
groups. However, PTH levels were significantly higher (p < 0.001)
for each vitamin D status in the severe obesity and obesity groups
with respect to the control group.

Figure 1 exposes and compares the prevalence of vitamin D
deficiency in relation to the place of residence between control,
obesity and severe obesity groups. In the control group, there
were significant differences (p < 0.01) in vitamin D deficiency
between urban (21.2 %) and rural (7.6 %) subgroups. In the
obesity group, vitamin D deficiency was significantly more fre-
quent (p < 0.01) in the urban (51.2 %) than in the rural subgroup

(23.9 %); additionally, in the severe obesity group, also vitamin
D deficiency was significantly more frequent (p < 0.01) in the
urban (67.2 %) than in the rural subgroup (41.5 %).

Figure 2 displays and compares the prevalence of vitamin D defi-
ciency according to the seasons of the year between the participants
in the control, obesity and severe obesity groups that lived in urban
residence. In the control group, there were significant seasonal vari-
ations (p < 0.01) in vitamin D deficiency which showed the lowest
prevalence of vitamin D deficiency during the summer (6.3 %) and
the highest during the winter (40 %). In contrast, there were no sig-
nificant seasonal variations in the prevalence of vitamin D deficiency
throughout the year in both the severe obesity and obesity groups. In
fact, in severe obesity group the prevalence of vitamin D deficiency
during the summer was 66.7 % and during the winter 71.8 % (p =
0.825); within the obesity group, vitamin D deficiency was 52.9 % in
the summer and 53.6 % in the winter (p = 0.633). The prevalence
of vitamin D deficiency in the different seasons of the year was sig-
nificantly higher (p < 0.01) in the severe obesity and obesity groups
with respect to the control group.

Figure 3 show and compares the prevalence of vitamin D defi-
ciency according to the seasons of the year between the partici-
pants in the control, obesity and severe obesity groups that lived
in rural residence. All groups presented significant seasonal vari-
ations in vitamin D deficiency throughout the year. In each group,
the lowest prevalence of vitamin D deficiency corresponded to
summer, and they reached a maximum in the winter. In severe
obesity group, the prevalence of vitamin D deficiency during the
summer was 7.1 % and during the winter 70.6 % (p < 0.01).
In obesity group, vitamin D deficiency was 10 % in the summer
and 35.3 % in the winter (p < 0.01). And, finally, in the control
group, vitamin D deficiency was 0.0 % during the summer and
16.7 % during the winter (p < 0.01). The prevalence of vitamin
D deficiency in the different seasons of the year was significantly
higher (p < 0.01) in the severe obesity and obesity groups with
respect to the control group.

Table Il. Biochemical determinations according to vitamin D status in the control, obesity,
and severe obesity groups (M = SD)

Groups Deficiency Insufficiency Sufficiency p-value*

Control.

Calcium (mg/dL) 99+04 99+0.3 99+03 0.873

Phosphorus (mg/dL) 46+05 44 +05 44 +0.6 0.272

PTH (pg/mL) 325+13.2f 29.9 +12.8f 271 1151 0.023

Calcidiol (ng/mL) 155+28 246 £2.7 347+43 0.001
Obesity:

Calcium (mg/dL) 9.7+0.3 9.8+0.2 99+04 0.316

Phosphorus (mg/dL) 45+05 4.4 +0.6 44 +0.5 0.328

PTH (pg/mL) 541 +17.41 49.8 + 16.5" 40.1 =16.21 0.001

Calcidiol (ng/mL) 13.8£3.7 24128 36.3 4.7 0.001
Severe obesity:

Calcium (mg/dL) 9.7+0.3 9.8+0.3 99+03 0.316

Phosphorus (mg/dL) 44+0.6 44 +05 43+04 0.494

PTH (pg/mL) 541 +16.8" 48.4 +16.11 42.6 + 1511 0.010

Calcidiol (ng/mL) 13.7+£39 23.8+26 36.1+54 0.001

*ANOVA; TANOVA between groups (p < 0.001).
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Figure 1.

Prevalence (%) of vitamin D deficiency in relation to the place of residence in the
control, obesity, and severe obesity groups.
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Figure 2.

Prevalence (%) of vitamin D deficiency according to the seasons of the year among
the participants in the control, obesity, and severe obesity groups who lived in an
urban area.
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Figure 3.

Prevalence of vitamin D deficiency according to the seasons of the year among
the participants in the control, obesity, and severe obesity groups who lived in a
rural area.

There was a negative correlation (p < 0.01) between calcidiol and
PTH levels (r = -0.383). In addition, there was also a positive correla-
tion (p < 0.01) between PTH and BMI-SD (r = 0.377) and a negative
correlation (p < 0.01) between calcidiol and BMI-SD (r = -0.388).

T. Dura-Travé and F. Gallinas-Victoriano

DISCUSSION

This study verifies that vitamin D deficiency is a common in
adolescents with obesity. Furthermore, our data suggest that this
higher prevalence of vitamin D deficiency in these patients could
be ascribed to inadequate sunlight exposure, since there was a
weaker trend to vitamin D deficiency in those patients living in
rural areas than in those living in urban areas.

The higher prevalence of vitamin D deficiency in patients
with obesity has been sustained by several studies (7-10), even
though the potential mechanisms for this association still remain
questionable. Nevertheless, at present, the most qualified hy-
potheses about the inverse relationship between vitamin D de-
ficiency and obesity refer either to storage or sequestration of
vitamin D in adipose tissue or volumetric dilution of vitamin D.
Clinical studies have shown that obesity does not affect the cu-
taneous synthesis of vitamin D, but as it is a fat-soluble vitamin,
it is accumulated and retained in adipose tissue (storage site or
sequestration hypothesis). And, therefore, the greater the stor-
age capacity of this vitamin in adipose tissue (severe obesity and
obesity groups), the lower the serum levels of calcidiol (21,22).
In fact, we found that calcidiol levels in the participants included
in this study (severe obesity, obesity and control groups) were in-
versely correlated with body mass index; this is an anthropomet-
ric measurement that has been frequently used in the diagnosis
and follow-up of adolescents with obesity since it shows a good
correlation with body fat content (23). A second probable mech-
anism of the inverse relationship between vitamin D deficien-
cy and obesity could be a volumetric dilution; that is, vitamin D
would be distributed in body compartments that increase with
obesity (serum, fatty tissue, liver, etc.), thereby making serum
levels lower (11,13). It has also been suggested that lower levels
of calcidiol in patients with obesity could be due to impaired he-
patic 25-hydroxylation related to non-alcoholic fatty liver disease,
a condition that is common in adults with obesity but less fre-
quent in childhood obesity (24). However, none of the previously
mentioned hypotheses would explain by itself, for example, the
stronger trend to vitamin D deficiency in patients with obesity
(severe obesity and obesity groups) living in urban areas than in
those living in rural areas, as we identified in this study.

Vitamin D receptors are present in a large variety of tissues
and cells in the body (muscle, heart, blood vessels, neurons,
immune cells, breast, colon, prostate, etc.), and this fact sup-
ports the biological importance of sufficient calcidiol serum lev-
els (1,20). Moreover, adipose tissue also expresses vitamin D
receptors, and 1a-hydroxylase enzyme locally converts calcidiol
to calcitriol (biological active form of vitamin D), and that pro-
cess is not regulated by parathyroid hormone, in contrast with
renal 1a-hydroxylase (25). Additionally, some experimental data
support that vitamin D could have an anti-obesity effect by in-
hibiting adipogenesis during early adipocyte differentiation and
independently of PTH. That is, vitamin D might be implicated in
the pathogenesis of obesity, rather than being a consequence
(3,14). These findings suggest, on one side, that adipose tissue
could play a role in vitamin D metabolism rather than being a

[Nutr Hosp 2023;40(5):942-948]



VITAMIN D DEFICIENCY IN ADOLESCENTS WITH OBESITY — ALTERED METABOLISM OR ENVIRONMENTAL FACTORS? 947

passive store of fat soluble nutrients, and, on the other side, that
a bidirectional causal relationship between vitamin D deficiency
and obesity cannot be excluded. However, several studies have
shown no effect of vitamin D treatment on reducing body weight
and/or body composition, suggesting that although vitamin D de-
ficiency is associated with obesity, it is not bidirectional (26,27).

In accordance with most authors (7,8,10), we found a nega-
tive correlation between PTH and calcidiol levels, and this would
be consistent with the physiological feedback mechanism of
vitamin D on PTH secretion. But, interestingly, it is worth not-
ing our finding that PTH levels were also significantly higher—
independent of vitamin D status—in the patients with obesity
(severe obesity and obesity groups) with respect to the control
group. Many researchers have postulated that this elevation of
PTH might increase calcium influx into adipocytes, which then
leads to increased lipogenesis and potentially reduces catechol-
amine-induced lipolysis and, consequently, fosters fat storage
(28). Additionally, several observational studies have shown that
PTH levels in obesity are independent of vitamin D status and
it does not represent, as is commonly assumed, secondary hy-
perparathyroidism from hypovitaminosis D (29). However, despite
the above biological assumptions that obesity is related with vi-
tamin D deficiency and elevated PTH levels, the reason given for
this association remains unexplained. In fact, some authors are
currently questioning whether vitamin D deficiency and elevation
of PTH is a consequence or cause of obesity (14), or whether this
association is causality or casualty (3).

Obviously, unhealthy eating habits are related to childhood
obesity, and this entails a lower intake of vitamin D. However, the
main source of vitamin D is exposure to natural sunlight, while
approximately 10 % comes from natural dietary sources (1,2).
Few foods naturally contain vitamin D (oily fish such as salmon,
sardines, mackerel, and tuna, as well as shiitake mushrooms
and eggs yolk) and, depending on the country, additional sourc-
es include fortified foods such as dairy products, orange juice,
breakfast cereals, cookies and butter or margarine (2). There-
fore, even though diet seems to be probably an irrelevant factor
in the acquisition of optimal levels of vitamin D, it could not be
completely excluded.

Because geographical conditions affect body vitamin D con-
tent, we cannot refer to a vitamin D status in a determined pop-
ulation without mentioning them. In our case, it should be noted
that Navarre is a Spanish region located in the north of the Ibe-
rian peninsula with a population of 661,537 inhabitants (2021
census, National Institute of Statistics), 58.1 % of whom live in
urban areas and 41.9 % in rural areas. Besides, it is charac-
terized by a high frequency of precipitations and/or cloudiness
and, especially, a high latitude (between 41° 55’ 22" and 43°
16’ 42" North). When the zenith angle of the sun is oblique, as
occurs in the winter months in both hemispheres, type B ultravi-
olet radiation barely reaches the earth’s surface above and be-
low 40° N and 40° S latitude, causing a very low or absence
of cutaneous synthesis of vitamin D, even with prolonged sun
exposure (15,20). In compliance with several studies (7,30), this
is a potential explanation for the seasonal variations in the preva-
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lence of vitamin D deficiency (maximum prevalence in the winter
months and minimum in the summer months) that we found in
the control group.

Recent studies using personal electronic ultraviolet radiation
dosimeters have displayed higher ultraviolet radiation exposure
in children and adolescents living in rural areas compared to
those living in urban areas due to differences in types of activity.
Children and adolescents living in rural areas spend more time
after school and during weekdays practicing outdoors chores
during peak ultraviolet radiation hours (10 am-4 pm), compared
to those living in urban areas who spend more time participating
in indoor sports and/or leisure activities and, therefore,
reducing exposure to sunlight (16,17). These data allowed us
to hypothesize a much simpler explanation for the relationship
between obesity and vitamin D deficiency: environmental factors
(outdoor activities and sun exposure) would be determining in
reduced body content of vitamin D in patients with obesity.

Indeed, we also found seasonal variations in the prevalence
of vitamin D deficiency (maximum prevalence in the winter
months and minimum in the summer months) in patients with
obesity (obesity and severe obesity groups), although showing
significantly lower values with respect to the control group. That
is, on one hand, this would confirm that sunlight exposure has
a large impact on vitamin D status also in patients with obesity
and, on the other hand, we found a stronger trend to vitamin D
deficiency in patients with obesity (obesity and severe obesity
groups) living in urban areas than in those living in rural areas.
Nevertheless, the most remarkable finding of this study was
that patients with obesity (obesity and severe obesity groups)
living in urban residence did not present significant seasonal
variations in vitamin D deficiency throughout the year in con-
trast to those patients with obesity (obesity and severe obesity)
living in rural areas of residence, who presented a maximum
prevalence of vitamin D deficiency in the winter months and
a minimum in the summer months. Therefore, these findings
would support the hypothesis that the greater tendency to pres-
ent vitamin D deficiency in adolescents with obesity would be
related to a sedentary lifestyle and, consequently, to lack of
adequate sun exposure.

At present, and despite the hypotheses recounted above,
vitamin D photobiology suggest that the most probable
mechanism for vitamin D deficiency in adolescents with obesity
are environmental factors (reduced sunlight exposure) rather
than metabolic alterations (sequestration in adipose tissue,
volumetric dilution, impaired hepatic 25-hydroxylation, etc.),
as our findings outline. However, other mechanisms cannot be
completely excluded, as they may contribute concurrently.
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Abstract

Introduction: few previous studies suggest that serum iron status may be associated with liver function, but the relevant evidence remains
limited, especially in adolescents.

Objective: we aimed to investigate the association between serum ferritin, iron, and liver transaminases in adolescents.

Methods: a cross-sectional study including 3,404 adolescents aged 10-19 was performed based on the National Health and Nutrition Examination
Survey. Weighted multivariate regression, subgroup analysis, and sensitivity analysis were used.

Results: a total of 3,404 adolescents were eventually included. Serum ferritin and iron were positively correlated to alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). The association between serum ferritin and ALT remained positive in all genders and races, but only
remained positive in girls and several races between serum ferritin and AST. The positive correlations kept present among girls between serum
Keywords: iron and ALT, and also kept present among girls and non-Hispanic whites between serum iron and AST. Additionally, serum ferritin and iron were
also positively correlated to elevated ALT and elevated AST using binary logistic regression analysis. After excluding the subjects with serum

Ferritins. Iron. Liver ferritin levels above the upper limit of normal, the main results remained the same basically.

fransaminases.
Adolescents. Nutrition Conclusion: the present results add novel evidences about the associations between serum ferritin, iron, and liver transaminases, which requires
Surveys. more confirmatory studies.
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Resumen

Introduccion: pocos estudios previos sugieren que el estado del hierro sérico pueda estar asociado con la funcién hepética, pero la evidencia
relevante sigue siendo limitada, especialmente en adolescentes.

Objetivo: nuestro objetivo fue investigar la asociacion entre la ferritina sérica, el hierro y las transaminasas hepaticas en adolescentes.

Métodos: se realizo un estudio transversal que incluy6 a 3,404 adolescentes de diez a 19 afios de edad, basado en la Encuesta Nacional de
Examen de Salud y Nutricion. Se utilizaron la regresion multivariada ponderada, el andlisis de subgrupos y el andlisis de sensibilidad.

Resultados: finalmente, se incluy6 un total de 3.404 adolescentes. La ferritina sérica y el hierro se correlacionaron positivamente con la alanina
aminotransferasa (ALT) y la aspartato aminotransferasa (AST). La asociacion entre ferritina sérica y ALT se mantuvo positiva en todos los géneros
y razas, pero solo se mantuvo positiva en nifias y en varias razas entre ferritina sérica y AST. Las correlaciones positivas siguieron presentes
en las nifias entre el hierro sérico y la ALT, y también en las nifias y personas blancas no hispanas entre el hierro sérico y la AST. Ademas, la
ferritina sérica y el hierro también se correlacionaron positivamente con ALT elevada y AST elevada mediante andlisis de regresion logistica
binaria. Después de excluir a los sujetos con niveles de ferritina sérica por encima del limite superior de la normalidad, los resultados principales
se mantuvieron basicamente iguales.

Conclusion: los presentes resultados agregan evidencias novedosas sobre las asociaciones entre la ferritina sérica, el hierro y las transaminasas
hepaticas, lo que requiere mas estudios confirmatorios.

INTRODUCTION

Liver function damage can be caused by various factors, such
as viruses, drugs, heavy metals, and immune factors. Recently,
the prevalence of liver function damage in adolescents has in-
creased, resulting in an increasing burden for the health care
system (1). Unexplained childhood hepatitis has been rampant
in many countries, which can lead to elevated transaminases,
including alanine aminotransferase (ALT) and aspartate amino-
transferase (AST). Additionally, the incidence of nonalcoholic liver
disease in American adolescents increased 2.7-fold from 1988
to 2010 (2). However, liver impairment in adolescents is often
overlooked, possibly due to a lack of routine physical examination
and insufficient attention to adolescent health, leading to delays
in diagnosis and intervention. Therefore, it is crucial to better
understand the potential risk factors for liver function damage,
especially in adolescents.

Iron is an essential metal element in our body, and ferritin, an
iron storage protein, is essential for cellular iron homeostasis.
Ferritin can sequester excess intracellular iron and store it in a
redox-inactive form. In addition to iron status, systemic ferritin
levels are important indicators of immunological and inflammato-
ry disorders (3,4). Aberrant iron homeostasis or iron distribution
may be involved in liver dysfunction, so serum iron may be a
potential marker for liver function (5,6). Several studies have indi-
cated that high levels of serum ferritin may be associated with liv-
er diseases in adults (7,8). Additionally, a previous study showed
an independent association between elevated serum ferritin and
elevated ALT in Korean children and adolescents (9), and another
study indicated that serum ferritin was corelated with liver fat
in male adolescents with obesity (10). However, a meta-analysis
showed that the connection between serum ferritin and non-al-
coholic steatohepatitis against non-alcoholic fatty liver group in
pediatric or adolescent populations was inconsistent with adults
(11). Therefore, the correlation between serum ferritin levels and
liver function in adolescents remains to be further explored since
different populations, such as those from different countries or
with different states, may affect the results. The present study
aims to investigate the association of serum levels of ferritin and

iron with liver transaminases (serum ALT and AST) using a rep-
resentative sample of adolescents from the National Health and
Nutrition Examination Survey (NHANES).

METHODS

STUDY POPULATION

The present study included adolescents aged ten to 19 years
old from NHANES 2005-2010 and 2015-2018. NHANES is a
cross-sectional survey that provides a large amount of informa-
tion about nutrition and health of the United States population,
and its details have been previously described (12). The present
study is a cross-sectional analysis which was approved by the
Ethical Review Committee of the National Center for Health Sta-
tistics. After excluding those whose age did not meet the require-
ments, those who were pregnant, those without the necessary
data, and those with high blood pressure, diabetes, hepatitis B
surface antigen (+) or hepatitis C RNA (+), a total of 3,404 ad-
olescents were eventually included in the present study (Fig. 1).

EXPOSURE AND OUTCOME VARIABLES

The exposure variables are serum ferritin and iron, and the
outcome variables are ALT and AST. According to the NHANES,
serum ferritin was measured using the Roche/Hitachi 912 clini-
cal analyzer in 2005-2008, the Roche Elecsys® 170 clinical an-
alyzer in 2009-2010 and 2015, and the Roche Cobas® e601 in
2016-2018. Iron concentration was measured by a timed-end-
point method using the Beckman Synchron LX20 or Beckman
UniCel® DxC800 Synchron in 2005-2010 and 2015-2016, and
measured using the Roche Cobas® 6000 (c501 module) analyzer
in 2017-2018. In this method, the system monitors absorbance
changes at 560 nm at fixed-time intervals and these changes in
absorbance are proportional to the iron concentration. The activity
of serum ALT and AST was measured by an enzymatic rate meth-
od or a kinetic rate method using the Beckman Synchron LX20

[Nutr Hosp 2023;40(5):949-959]
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Y

Pregnant women
n=46

Adolescents without pregnancy
n=9368
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Y

No data of ferritin, iron, ALT, or AST
n=5882

Adolescents with important indicators
n= 3486

Y

High blood pressure, diabetes, hepatitis B
surface antigen (+), hepatitis C RNA (+)
Y n=282

Adolescents who were eventally included
n=3404

Figure 1. Flow diagram of participants selection. ALT:
alanine aminotransferase; AST: aspartate aminotrans-
ferase.

or the Beckman UniCel® DxC800 Synchron. The system monitors
absorbance changes at 340 nm at fixed-time intervals and these
changes in absorbance are proportional to the activity. According
to the guidelines from the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (NASPGHAN), ALT >
26 U/l in male adolescents and > 22 U/l in female adolescents
were defined as elevated ALT, and AST > 37 U/l was defined as
elevated AST. More details are available from http://www.cdc.
gov/nchs/nhanes/.

OTHER COVARIABLES

Several covariates were included as potential confounders, in-
cluding age, body mass index (BMI), race (Mexican American,
other Hispanic, non-Hispanic white, non-Hispanic black, and oth-
er races), education (less than high school, high school or equiv-
alent, and more than high school), family income-poverty ratio
(«1,>1and < 3, >3, and unknown), and smoking exposure.
Therein, the smoking exposure was reflected by serum cotinine
levels: a cotinine level below the detection limit was defined as
“unexposed”, a cotinine level between the detection limit and
10 ng/ml was defined as “low-exposure”, and a cotinine level
> 10 ng/ml was defined as “high-exposure” (13). Additionally, par-
ticipants with high blood pressure, diabetes, hepatitis B surface anti-
gen (+), and hepatitis C RNA (+) were excluded. Therein, high blood
pressure and diabetes were defined as positive responses to the
questions “Have you been told by a doctor or other health profes-
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sional that you had hypertension, also called high blood pressure?”
and “Have you ever been told by a doctor or health professional that
you have diabetes?”, respectively. Hepatitis B surface antigen was
measured by an immunometric immunoassay using the VITROS™
HBsAg Reagent Pack and VITROS™ Immunodiagnostic Products
HBsAg Calibrator on the VITROS™ ECI/ECIQ Immunodiagnostic
Systems and the VITROS™ 3600 Immunodiagnostic System, or an
AUSZYME Monoclonal test. The quantitation of hepatitis C virus RNA
was performed using the COBAS® AMPLICOR® HCV MONITOR Test
on the COBAS® AMPLICOR® Analyzer. A detailed description of these
methods can be found on the NHANES.

STATISTICAL ANALYSIS

NHANES sample weight was used to calculate all estimates.
The continuous variables were expressed as the mean + stan-
dard deviation and the categorical variables were expressed
as number (percentage). Weighted linear regression models or
weighted Chi-squared tests were used to evaluate the differenc-
es of indicators between different groups. Weighted multivariate
linear regression models were used to estimate the association
of the levels of serum ferritin and iron with ALT and AST. Multivar-
iate logistic regression models were used to investigate the asso-
ciation of serum ferritin and iron with elevated ALT and elevated
AST. Packages R (http://www.R-project.org) and EmpowerStats
software (http://www.empowerstats.com) were used for all of the
data analyses. Statistical significance was set at p < 0.05.
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RESULTS

CHARACTERISTICS OF THE PARTICIPANTS

A total of 3,404 adolescents, including 480 boys and
2,924 qirls, were eligible for the present study. Table | shows
the characteristics of the study population. The population in-
cluded 26.23 % Mexican Americans, 8.93 % other Hispanics,
28.76 % non-Hispanic whites, 24.79 % non-Hispanic blacks,
and 11.28 % other races. There were no statistical differences
in basic characteristics between boys and girls, except for race.

RELATIONSHIPS BETWEEN SERUM FERRITIN
LEVEL AND ALT AND AST

We built three models in the multivariate regression analyses:
model 1 (unadjusted), model 2 (adjusted for gender, age, and race),
and model 3 (adjusted for gender, age, race, education, family in-
come-poverty ratio, BMI, and smoking exposure). According to the

J. Pan et al.

results in table Il, the serum ferritin levels were positively correlated
to ALT in the model 1 (3=0.08, 95 % CI: 0.07-0.09, p< 0.001), the
model 2 (3=0.08, 95 % ClI: 0.07-0.09, p < 0.001), and the model
3(8=0.07,95 % Cl: 0.06-0.08, p < 0.001). Then, we obtained the
quartiles of ferritin levels (first quartile: 20.00 ng/ml, second quartile:
33.70 ng/ml, and third quartile: 53.00 ng/ml) and divided the ferritin
levels into Q1, Q2, Q3, and Q4. We found that the p for trend was
less than 0.001 in the three models, but only the Q4 of ferritins and
ALT levels showed significant positive correlations (p < 0.001). In
the subgroup analyses, the associations of serum ferritin with ALT
remained positive in all genders and races.

Table lll shows the association between serum ferritin and
AST. The serum ferritin levels were also positively correlated to
AST levels in the three models (3 =0.03, 95 % Cl: 0.02-0.04,
p < 0.001). For ferritin quartiles, also only the Q4 was positively
correlated with AST levels (p < 0.001). However, the associa-
tions of serum ferritin with AST remained positive only in girls and
some races, including Mexican American, non-Hispanic white,
and non-Hispanic black, in the subgroup analyses.

Table I. Characteristics of the study population

All (n = 3,404) Boys (n = 480) | Girls (n = 2,924) p value

Age (years) 1543 +2.25 15,15+ 2.23 15.34 + 2.28 0.088
BMI (kg/m?) 24,51 £ 6.20 23.69 + 5.56 23.98 +5.86 0.302
Ferritin (ng/ml) 41.48 + 36.17 42.49 + 33.43 42.20 + 34.44 0.861
[ron (ug/dl) 79.06 + 37.46 84.74 + 40.55 82.66 + 38.03 0.267
ALT (U/) 17.22 +14.52 16.80 + 13.34 16.71 + 12.41 0.882
AST (U7 21.53 +9.68 21.64 +9.84 21.30 + 8.00 0.393
Race (%)

Mexican American 26.23 18.95 26.51

Other Hispanic 8.93 6.15 9.04

Non-Hispanic white 28.76 33.57 28.97 <0001

Non-Hispanic black 24.79 16.27 24.62

Other races 11.28 25.06 10.86
Education (%)

Less than high school 83.81 84.70 84.15 0.702

High school or equivalent 10.08 9.64 9.22

More than high school 6.11 5.66 6.63
Family income-poverty ratio (%)

<1 27.50 16.51 20.72

>1and <3 39.78 38.30 36.24 0.197

>3 24.71 37.80 36.02

Unknown 8.02 7.39 7.01
Smoking exposure (%)

Unexposed 27.85 29.77 30.06 0.804

Low-exposure 64.92 62.03 62.35

High-exposure 7.23 8.20 7.59

Mean+SD for continuous variables: p values were calculated by weighted linear regression model; (%) for categorical variables: p values were calculated by weighted Chi-
squared test. All p values were used for comparisons between different genders. ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index.
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Model 1, B (95 % CI)

Model 2, g (95 % CI)

Model 3, B (95 % CI)

Ferritin

0.08 (0.07, 0.09)*

0.08 (0.07, 0.09)*

0.07 (0.06, 0.08)*

Quartiles of ferritin

Q1 (lowest quartile)

Reference

Reference

Reference

Q2

-0.10 (-1.33,1.12)

-0.11(-1.34,1.12)

0.46 (-0.75, 1.67)

Q3 0.79(-0.41,1.98) 0.82(-0.38,2.02 1.06 (-0.12, 2.23)
Q4 4,63 (3.42, 5.83)* 462 (3.41,5.83) 4.50 (3.32, 5.69)
p for trend < 0.001 < 0.001 < 0.001
Stratified by gender®
Boys 0.04 (0.01, 0.08)* 0.04 (0.00, 0.08)* 0.04 (0.00, 0.07)
Girls 0.08 (0.07,0.10)* 0.08 (0.07, 0.10) 0.08 (0.06, 0.09)*
Stratified by race$

Mexican American 0.07 (0.05, 0.09)* 0.07 (0.05, 0.09)* 0.07 (0.05, 0.09)*
Other Hispanic 0.05(0.02, 0.08)*

Non-Hispanic white

0.08 (0.07, 0.10)!

0.08 (0.06, 0.09)*

Non-Hispanic black

0.07 (0.05, 0.10)*

)
0.05(0.02,0.08)t

)

)

0.07 (0.05, 0.10)*

( )
0.04 (0.01,0.07)!
( )
( )

0.07 (0.04, 0.09)*

Other races

0.10(0.04, 0.16)"

(
(
0.08 (0.06,0.10)*
(
(

0.10(0.04, 0.16)t

0.10 (0.04,0.17)f

n < 0.05,7p < 0.01,%p < 0.001. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education,
family income-poverty ratio, BMI, and smoking exposure. in the subgroup analyses stratified by gender or race, the model was not adjusted for the stratification
variables themselves. ALT: alanine aminotransferase; BMI: body mass index; Cl: confidence interval.

Table lll. Association between serum ferritin and AST

Model 1, B (95 % CI)

Model 2, B (95 % CI)

Model 3,8 (95 % ClI)

Ferritin

0.03 (0.02, 0.04)t

0.03 (0.02, 0.04)"

0.03 (0.02, 0.04)t

Quartiles of ferritin

Q1 (lowest quartile)

Reference

Reference

Reference

Q2

0.07 (-0.74, 0.89)

0.03(-0.79,0.85)

0.08 (-0.74, 0.90)

Q3 0.78 (-0.02, 1.58) 0.75(-0.05, 1.55) 0.79(-0.01,1.59)
Q4 2.01(1.20,2.81) 2.02 (1.21,2.82) 2.07 (1.27,2.88)*
p for trend < 0.001 < 0.001 < 0.001
Stratified by gender$
Boys 0.01(-0.01,0.04) 0.01(-0.01,0.04) 0.02 (-0.01,0.04)
Girls 0.03 (0.02, 0.04)* 0.03 (0.02, 0.04)* 0.03 (0.02, 0.04)*
Stratified by races
Mexican American 0.03 (0.02, 0.04)* 0.03 (0.02, 0.04)* 0.03 (0.02, 0.04)*
Other Hispanic 0.02 (-0.01, 0.05) 0.02 (-0.01,0.05) 0.01(-0.02, 0.05)

Non-Hispanic white

0.04 (0.03, 0.06)*

Non-Hispanic black

0.02 (0.01, 0.04)t

0.02 (0.01, 0.04)t

(

(
0.04 (0.03, 0.06)*
0.02 (0.01, 0.04)!

Other races

0.02 (-0.01, 0.06)

(
(
0.04 (0.03, 0.06)*
(
(

0.02 (-0.01, 0.06)

0.03(-0.00, 0.07)

*n < 0.05,7p < 0.01,%p < 0.001. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education,
family income-poverty ratio, BMI, and smoking exposure. $In the subgroup analyses stratified by gender or race, the model was not adjusted for the stratification

variables themselves. AST: aspartate aminotransferase;, BMI: body mass index; CI: confidence interval.
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RELATIONSHIPS BETWEEN SERUM IRON
LEVEL AND ALT AND AST

As shown in table IV, the serum iron levels were positively cor-
related to ALT in the model 1 (3=0.01, 95 % Cl: 0.00-0.02,
p < 0.05), the model 2 (3=0.01, 95 % Cl: 0.00-0.03, p< 0.05),
and the model 3 (3=0.03, 95 % CI: 0.02-0.04, p < 0.001). The
Q4 of iron levels and ALT levels also showed significant positive
correlations in the three models and all the p for trend were less
than 0.05. In the subgroup analyses, the associations of serum
iron with ALT remained positive in the girls, but there were few
significant associations across race stratification.

Table V shows the association between serum iron and AST.
The serum iron levels were also positively correlated to AST lev-

J. Pan et al.

els in the three models (3=0.01, 95 % Cl: 0.00-0.02, p< 0.01).
For iron quartiles, the Q3 and Q4 were positively correlated with
AST levels in the three models, and the p for trend was 0.005,
0.005, and < 0.001, respectively. The associations of serum iron
with AST remained positive only in the girls and the non-Hispanic
white in the subgroup analyses.

RELATIONSHIPS BETWEEN SERUM FERRITIN,
IRON, ELEVATED ALT AND ELEVATED AST

Whether it is serum ferritin or iron, their levels were positively cor-
related with elevated ALT and elevated AST in the three models ac-
cording to the results of binary logistic regression analysis (Table VI).

Table IV. Association between serum iron and ALT

Model 1, B (95 % CI)

Model 2, B (95 % ClI)

Model 3, B (95 % Cl)

Iron

0.01 (0.00, 0.02)*

0.01 (0.00, 0.03)*

0.03 (0.02, 0.04)"

Quartiles

of iron

Q1 (lowest quartile)

Reference

Reference

Reference

Q2

0.65 (-0.61, 1.90)

0.69 (-0.57, 1.94)

0.99 (-0.24, 2.22)

Q3 0.58 (-0.65, 1.81) 0.63(-0.61,1.87) 1.49 (0.28,2.71)"
Q4 1.37 (0.17, 2.56)* 1.40 (0.21, 2.60)* 2.71 (153, 3.89)*
p for trend 0.033 0.030 < 0.001
Stratified by gender®
Boys 0.00 (-0.03,0.03) 0.00 (-0.03,0.03) 0.02 (-0.01, 0.05)
Girls 0.02 (0.00, 0.03) 0.02 (0.00, 0.03)* 0.03(0.02, 0.04)
Stratified by race®

Mexican American 0.01 (-0.01,0.03) 0.01 (-0.01,0.03) 0.02 (0.00, 0.04)*
Other Hispanic 0.01 (-0.02, 0.04) 0.01 (-0.02, 0.04) 0.02 (-0.01, 0.05)
Non-Hispanic white 0.01(-0.00, 0.03) 0.01 (-0.00, 0.03) 0.03 (0.02, 0.05)*
Non-Hispanic black 0.00(-0.02,0.02 0.00(-0.02,0.02) 0.01(-0.01,0.03)
Other races 0.06 (-0.00,0.12) 0.06 (-0.00,0.12) 0.07 (0.01,0.13)

n<0.05,7p<0.01,*p < 0.001. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education,
family income-poverty ratio, BMI, and smoking exposure. In the subgroup analyses stratified by gender or race, the model was not adjusted for the stratification
variables themselves. ALT: alanine aminotransferase; BMI: body mass index; Cl: confidence interval.

Table V. Association between serum iron and AST

Model 1, B (95 % CI)

Model 2, B (95 % CI)

Model 3, B (95 % CI)

Iron

0.01(0.00, 0.02)t

0.01(0.00, 0.02)f

0.01(0.00, 0.02)t

Quartiles

of iron

Q1 (lowest quartile)

Reference

Reference

Reference

Q2

0.50 (-0.33,1.33)

0.50 (-0.33,1.33)

0.52 (-0.31,1.35)

Q3 1.13(0.32,1.95) 1.14(0.32,1.96)" 1.25(0.43, 2.07)t
Q4 1.03 (0.24,1.82)* 1.03(0.24,1.82)* 1.24(0.43, 2.04)
p for trend 0.005 0.005 < 0.001
(Continues on next page)
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Table V (Cont.). Association between serum iron and AST

| Model 1,8 (95 % CI)

Model 2,8 (95% Cl) | Model 3, B (95 % CI)

Stratified by genders

Boys 0.00(-0.02, 0.02) 0.00(-0.02,0.02) 0.01(-0.02, 0.03)
Girls 0.01 (0.00, 0.02)t 0.01(0.00, 0.02)t 0.01(0.01, 0.02)*
Stratified by race$
Mexican American 0.01(-0.00, 0.02) 0.01(-0.00, 0.02) 0.01(-0.00, 0.02)
Other Hispanic 0.01(-0.01,0.04) 0.01(-0.01,0.04) 0.01(-0.02, 0.04)
Non-Hispanic white 0.02 (0.00, 0.03)* 0.02 (0.00, 0.03)* 0.02 (0.01, 0.03)
Non-Hispanic black 0.00(-0.01, 0.01) 0.00(-0.01,0.01) 0.00(-0.01,0.02)
Other races 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05) 0.03 (-0.00, 0.06)

*n < 0.05,7p < 0.01,%p < 0.001. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education,
family income-poverty ratio, BMI, and smoking exposure. ¥In the subgroup analyses stratified by gender or race, the model was not adjusted for the stratification
variables themselves. AST: aspartate aminotransferase;, BMI: body mass index; CI: confidence interval.

Table VI. Associations between serum ferritin, iron, elevated ALT and elevated AST

Model 1, OR (95 % CI) Model 2, OR (95 % CI) Model 3, OR (95 % CI)
A 1.013548 (1.013531, 1.013564)* 1.013529 (1.013513, 1.013546)" 1.011931 (1.011914, 1.011948)*
B 1.012904 (1.012878, 1.012929)* 1.012938 (1.012912, 1.012964)* 1.011966 (1.011940, 1.011992)*
C 1.000143 (1.000126, 1.000161)* 1.000289 (1.000272, 1.000306)" 1.004320 (1.004301, 1.004338)*
D 1.006182 (1.006148, 1.006216)* 1.005932 (1.005898, 1.005965)* 1.007938 (1.007904, 1.007973)*

*n < 0.05,7p < 0.01,%p < 0.001. A: serum ferritin and elevated ALT. B: serum ferritin and elevated AST. C: serum iron and elevated ALT. D: serum iron and elevated
AST. Elevated ALT: ALT > 26 U/l in male adolescents and > 22 U/l in female adolescents. Elevated AST: AST > 37 U/I. Model 1 was not adjusted. Model 2 was
adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education, family income-poverty ratio, BMI, and smoking exposure. ALT: alanine
aminotransferase; AST. aspartate aminotransferase; BMI: body mass index; Cl: confidence interval.

SMOOTH CURVE FITTINGS AND SENSITIVITY
ANALYSIS

We used smooth curve fittings to characterize the associations
of serum ferritin, iron, ALT, and AST (Fig. 2). Qverall, serum ferritin
and iron levels were positively correlated with ALT and AST levels.
However, in the relationships between ferritin and ALT and AST
(Fig. 2A and B, the curve showed a slight downward slope when
the ferritin concentration reached about 200 ng/ml. According
to the World Health Organization (WHO) recommendations, the
upper limit of normal for serum ferritin could be set to 200 ng/ml
(14). Therefore, we performed a sensitivity analysis by excluding
22 subjects with serum ferritin > 200 ng/ml from the original
population. Characteristics of the new population (n = 3,382)
are shown in the supplementary table I. Through the same meth-
ods, we found that the main results remained the same basically
about the associations between serum ferritin, ALT, AST, elevated
ALT, and elevated AST in the sensitivity analysis (Supplementary
Tables II-1V), reflecting the robust of the present results.

DISCUSSION

Since the prevalence of liver disease in adolescents has in-
creased recently, it is necessary to explore more risk factors of

[Nutr Hosp 2023;40(5):949-959]

liver function and better understand the involved mechanisms to
protect the liver health of adolescents. In the present study, we
investigated the associations between serum ferritin, iron, and
liver transaminases using NHANES data.

Recently, associations between serum ferritin levels and liver
diseases have been investigated. For example, a cross-section-
al study indicated that serum ferritin levels may be related to
advanced liver fibrosis in treatment-naive autoimmune hepatitis
(8). Yang et al. (7) found that American adults with non-alcoholic
fatty liver disease had higher serum ferritin levels. Additionally,
Yan et al. (15) found that serum ferritin levels were associated
with non-alcoholic fatty liver disease in middle-aged and older
patients with type 2 diabetes. However, it is still necessary to
explore the relationship between serum ferritin and liver function
in adolescents since different countries or populations may affect
the results. Although a previous study, including 150 male pedi-
atric patients, had indicated that serum ferritin levels were cor-
related with magnetic resonance imaging (MRI) liver fat, visceral
adipose tissue content, ALT, and AST levels in male adolescents
with obesity (10), the associations between serum ferritin, iron,
and liver transaminases remained unclear due to the limited sub-
jects or others. The present study included 3,404 adolescents
from NHANES and indicated that serum ferritin and iron levels
were positively associated with serum ALT and AST levels, as
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Figure 2.

Associations between serum ferritin, iron, and liver transaminases. A. Serum ferritin and ALT. B. Serum ferritin and AST. C. Serum iron and ALT. D. Serum iron and AST. Solid
red line represents the smooth curve fit between variables, and blue bands represent the 95 % Cl from the fit. Gender, age, race, education, family income-poverty ratio, BMI,
and smoking exposure were adjusted. ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; Cl: confidence interval.

well as the elevated ALT and elevated AST in adolescents, which
provides further evidences that serum ferritin and iron may be
potential biomarkers for liver damage.

A positive association was found between serum ferritin and
ALT in all genders, but only remained positive in girls between
serum ferritin and AST. Additionally, the positive correlations kept
present among girls between serum iron and ALT or AST. These
results suggest that the relationship between ferritin or iron and
liver transaminases differs by sex and this relationship may be
more sensitive in girls. Aigner E et al. (16) found a significant
correlation of body iron stores and anthropomorphic features of
the metabolic syndrome in male students, and additionally found
that fasting insulin levels and insulin resistance were related to
both ALT levels and soluble transferrin receptor/ferritin in female
students. Other study suggested that iron overload is associated
with insulin resistance in men, but not in women (17). These
studies support our findings that sex may affect the association
of iron status and other markers, but the mechanisms are still
unknown. Notably, physiological iron status may differ between

men and women, and iron deficiency as well as iron overload
affect them differently (18). Endocrine changes associated with
adolescence may also represent a potential link (16). Additionally,
genetic and lifestyle factors, such as dietary habits in different
regions or populations, may influence the relationship between
them (17). Further studies are required to investigate the patho-
physiologic mechanisms by which increased serum ferritin/iron
levels are associated with liver transaminases in different gen-
ders.

Notably, patients with non-alcoholic fatty liver disease had
higher serum ferritin level which was positively associated with
liver fat, and had lower hepatic and systemic insulin sensitivity
and B-cell function (19). The abovementioned studies demon-
strated a hyperferritinemia in patients with various liver diseas-
es, which may be due to hepatic inflammation and adiponectin
as a marker of insulin resistance. Additionally, serum iron was
commonly elevated in some liver diseases, such as non-alcoholic
fatty liver disease, which is also known as metabolic abnormality
iron overload syndrome (7). These phenomena may be associat-
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ed with metabolic derangements or reactive metabolic inflam-
mation. When hepatic iron deposition occurs, iron could catalyze
the formation of toxic hydroxyl radicals, which mediate cellular
damage (10). However, the potential mechanisms underlying
these phenomena still need to be further explored.

In the present study, we have considered several possible con-
founding factors, including gender, age, race, education, family
income-poverty ratio, BMI, and smoking exposure. However, we
could not fully consider all potential confounding factors, such
as alcohol drinking, since this is a retrospective study and the
database has limited variables. We also could not infer a caus-
al relationship between serum ferritin and iron levels and liver
transaminases because this is a cross-sectional study. We need
to further clarify their relationship and its underlying mechanisms
through prospective studies and laboratory studies. Additionally,
the results of this study may be highly relevant to the American
adolescents because we used nationally representative samples

from NHANES. Therefore, further studies are required to investi-
gate these associations in other populations.

CONCLUSIONS

Based on the NHANES data, it was found that serum ferritin and
iron were positively correlated to ALT and AST. The association be-
tween serum ferritin and ALT remained positive in all genders and
races, and remained positive in girls and several races between
serum ferritin and AST. The positive correlations kept present
among girls between serum iron and ALT, and also kept present
among girls and non-Hispanic whites between serum iron and
AST. Serum ferritin and iron levels were also positively correlated
to elevated ALT and elevated AST. Further studies are required to
confirm the exact relationships between serum ferritin, iron, and
liver transaminases, and the underlying mechanisms.

Supplementary Table I. Characteristics of the study population in the sensitivity analysis

All (n = 3,382) Boys (n = 477) Girls (n = 2,905) p value

Age (years) 1543 +2.25 15,15+ 2.23 15.34 + 2.28 0.099
BMI (kg/m?) 24.47 £ 6.11 23.70 £ 5.55 23.94 £ 5.77 0.387
Ferritin (ng/ml) 40.06 + 31.37 41.74 +£30.70 4119+ 31.20 0.718
Iron (ug/dI) 78.93 + 37.44 84.72 + 40.61 82.57 + 38.02 0.251
ALT (U/) 16.99 + 13.43 16.77 +13.35 16.58 + 12.06 0.752
Elevated ALT (%) 13.42 8.07 12.54 0.005
AST (U/) 21.43+£9.16 21.64 +9.86 21.25+7.84 0.330
Elevated AST (%) 2.42 2.97 2.26 0.335
Race (%)

Mexican American 26.23 18.90 26.52

Other Hispanic 8.96 6.17 9.05

Non-Hispanic white 28.80 33.68 28.96 <0007

Non-Hispanic black 24.72 16.12 24.61

Other races 11.30 25.14 10.87
Education (%)

Less than high school 83.83 84.65 84.21 0.706

High school or equivalent 10.08 9.68 9.17

More than high school 6.09 5.68 6.61
Family income-poverty ratio (%)

<1 27.53 16.56 20.72

>7and <3 39.77 38.35 36.17 0.209

>3 24.75 37.79 36.14

Unknown 7.95 7.30 6.97
Smoking exposure (%)

Unexposed 27.79 29.75 30.04 0.883

Low-exposure 64.99 62.02 62.38

High-exposure 7.21 8.23 7.58

Mean +SD for continuous variables: p values were calculated by weighted linear regression model; (%) for categorical variables: p values were calculated by weighted Chi-
squared test. All p values were used for comparisons between different genders. ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index.
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Supplementary Table Il. The association between serum ferritin and ALT
in the sensitivity analysis

Model 1, B (95 % CI)

Model 2, B (95 % CI)

Model 3, B (95 % CI)

Ferritin

0.07 (0.06, 0.08)"

0.07 (0.06, 0.08)"

0.06 (0.05, 0.08)"

Quartiles of ferritin

Q1 (lowest quartile)

Reference

Reference

Reference

Q2

-0.10 (-1.30, 1.09)

-0.11 (-1.31,1.10)

0.43 (-0.75, 1.61)

Q3 0.75(-0.42,1.93) 0.79(-0.39,1.97) 1.03(-0.13,2.19)
Q4 4.24 (3.06, 5.42)* 4.24 (3.05, 5.42)f 4.19 (3.03, 5.36)*
p for trend < 0.001 < 0.001 < 0.001
Stratified by genders
Boys 0.04 (0.00, 0.08)* 0.04 (0.00, 0.08)* 0.04 (0.00, 0.08)*
Girls 0.07 (0.06, 0.09)* 0.07 (0.06, 0.09)* 0.07 (0.06, 0.08)*
Stratified by races
Mexican American 0.08 (0.06, 0.10)* 0.08 (0.06, 0.10)* 0.07 (0.05, 0.10)*
Other Hispanic 0.05(0.02, 0.09)" 0.05 (0.02, 0.08)f 0.04 (0.01,0.07)f

Non-Hispanic white

Non-Hispanic black

0.05(0.02, 0.07)*

( )
( )
0.08 (0.06, 0.10)*
0.05 (0.03, 0.07)*

( )
( )
0.07 (0.05, 0.09)*
0.04 (0.02, 0.06)"

Other races

( )
( )

0.08 (0.06, 0.10)*
( )
(

0.10(0.03,0.16)"

0.10(0.03,0.16)"

0.10(0.03,0.17)f

*n < 0.05,7p < 0.01,%p < 0.001. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education,
family income-poverty ratio, BMI, and smoking exposure. $In the subgroup analyses stratified by gender or race, the model was not adjusted for the stratification
variables themselves. ALT: alanine aminotransferase; BMI: body mass index; Cl: confidence interval.

Supplementary Table Ill. The association between serum ferritin and AST
in the sensitivity analysis

Model 1, B (95 % CI)

Model 2, B (95 % CI)

Model 3, B (95 % CI)

Ferritin

0.03 (0.02, 0.04)*

0.03 (0.02, 0.04)*

0.03 (0.02, 0.04)*

Quartiles of ferritin

Q1 (lowest quartile)

Reference

Reference

Reference

Q2

0.07 (-0.73,0.87)

0.03 (-0.77,0.84)

0.06 (-0.75, 0.87)

Q3 0.80(0.01, 1.58)* 0.77 (-0.02, 1.56) 0.80(0.01, 1.59)*

Q4 1.84 (1.04, 2.63)* 1.85 (1.05, 2.64)* 1.92 (1.12,2.71)*

p for trend < 0.001 < 0.001 < 0.001
Stratified by genders

Boys 0.02 (-0.01,0.04) 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05)

Girls 0.03(0.02, 0.04) 0.03(0.02, 0.04) 0.03(0.02, 0.04)
Stratified by races

Mexican American 0.04 (0.02, 0.05)* 0.04 (0.02, 0.05)* 0.04 (0.02, 0.05)*

Other Hispanic 0.02 (-0.01, 0.05)

Non-Hispanic white

0.04 (0.02, 0.06)*

0.04 (0.02, 0.06)*

Non-Hispanic black

(

0.02 (-0.01,0.05)
(
(

0.01 (-0.00, 0.03)

(
(
0.04 (0.02, 0.06)*
0.01 (-0.00, 0.03)

(
0.01(-0.02, 0.05)

(

(

0.01 (-0.00, 0.03)

Other races

0.02 (-0.01, 0.06)

0.02 (-0.01, 0.06)

0.03 (-0.00, 0.07)

n < 0.05,7p < 0.01,%p < 0.001. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education,
family income-poverty ratio, BMI, and smoking exposure. $In the subgroup analyses stratified by gender or race, the model was not adjusted for the stratification
variables themselves. AST: aspartate aminotransferase;, BMI: body mass index; CI: confidence interval.

[Nutr Hosp 2023;40(5):949-959]




ASSOCIATIONS BETWEEN SERUM FERRITIN, IRON, AND LIVER TRANSAMINASES IN ADOLESCENTS: 959
A LARGE CROSS-SECTIONAL STUDY

Supplementary Table IV. The association between serum ferritin and elevated ALT
and elevated AST in the sensitivity analysis

Model 1, OR (95 % CI) Model 2, OR (95 % CI)

A 1.013448 (1.013430, 1.013467)* 1.013439 (1.013420, 1.013457)* 1.012073 (1.012054, 1.012092)*

B 1.014734 (1.014701,1.014768)* 1.014990 (1.014957, 1.015024)* 1.014230 (1.014196, 1.014264)*

*n < 0.05,7p < 0.01,%p < 0.001. A: serum ferritin and elevated ALT. B: serum ferritin and elevated AST. Elevated ALT: ALT > 26 U/l in male adolescents and > 22 U/I
in female adolescents. Elevated AST: AST > 37 U/I. Model 1 was not adjusted. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age,
race, education, family income-poverty ratio, BMI, and smoking exposure. ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; Cl:
confidence interval.

Model 3, OR (95 % CI)
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Abstract

Introduction: advanced glycation end-products (AGEs) interact with the receptor for AGEs (RAGE). Full-length RAGE is associated with intra-
cellular signal transduction, and soluble-RAGE (SRAGE) lacks the transmembrane and cytoplasmic domains, acting as a competitive inhibitor of
AGEs-RAGE binding. SRAGE levels in healthy children are associated with cell surface expression of RAGE. However, the expression of RAGE has
not been explored in childhood obesity.

Objective: the study aim was to evaluate the SRAGE levels and the gene expression of RAGE in children and its association with cardiometabolic
markers.

Methods: this is a cross-sectional study with 6-11-year children, 20 with overweight and 20 with obesity. Anthropometric measurements included
waist circumference (cm) (WC), neck circumference (NC), weight (kg), fat mass (%), trunk fat (kg), muscular mass (kg), height (cm), and body
mass index (BMI) (kg/m?). Blood samples following an overnight fast were collected to measure glucose (mg/dl) and lipid profile with colorimetric
methods. SRAGE was determined in serum using the enzyme-linked immunosorbent assay (ELISA). Quantitative reverse transcription (RT-gPCR)
was performed to analyze RAGE transcripts in peripheral blood mononuclear cells isolated by Ficoll®-Hypaque.

Results: we found higher RAGE (p = 0.0315) and lower sRAGE (p = 0.0305) levels in the obesity group. SRAGE level showed a negative cor-

Keywords: relation with RAGE (r = -0.35) and BMI (r = -0.24), and positive with HDL-cholesterol (r = 0.29). Regression analysis suggests that HDL-C and
SRAGE. RAGE. Childhood RAGE levels are predictors of SRAGE levels.

obesity. Cardiometabolic Conclusions: expression of RAGE is associated with lower SRAGE levels in childhood obesity. Moreover, obese children show higher cardiomet-
markers. abolic risk markers, and a positively associated with SRAGE.
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Resumen

Introduccion: los productos finales de glicacion avanzada (AGE) interacttian con el receptor de AGE (RAGE). EI RAGE de longitud completa
estd asociado con la transduccion de sefiales intracelulares y el RAGE soluble (SRAGE) carece de los dominios transmembrana y citoplasmico,
actuando como un inhibidor competitivo de la union de AGE-RAGE. Los niveles de SRAGE en nifios sanos estan asociados con la expresion de
RAGE en la superficie celular. Sin embargo, la expresion de RAGE no se ha explorado en la obesidad infantil.

Objetivo: el objetivo del estudio fue evaluar los niveles de SRAGE y la expresion génica de RAGE en nifios y su asociacion con marcadores
cardiometabdlicos.

Métodos: se trata de un estudio transversal con nifios de seis a once afios, 20 con sobrepeso y 20 con obesidad. Las medidas antropométricas
incluyeron la circunferencia de la cintura (cm) (CC), la circunferencia del cuello (NC), el peso (kg), la masa grasa (%), la grasa del tronco (kg),
la masa muscular (kg), la altura (cm) y el indice de masa corporal (IMC) (kg/m?). Se tomaron muestras de sangre después de una noche de
ayuno para medir glucosa (mg/dl) y el perfil de lipidos con métodos colorimétricos. Los SRAGE se determinaron en suero utilizando un ensayo
inmunoabsorbente ligado a enzimas (ELISA). Se realizd una transcripcion inversa cuantitativa (RT-qPCR) para analizar los transcritos de RAGE en
células mononucleares de sangre periférica aisladas por Ficoll®-Hypaque.

Resultados: encontramos niveles mas altos de RAGE (p = 0,0315) y mas bajos de SRAGE (p = 0,0305) en el grupo de obesidad. El nivel de
SRAGE mostrd una correlacion negativa con RAGE (r = -0,35) e IMC (r = -0,24), y positiva con el colesterol HDL (r = 0,29). El andlisis de regresion
sugiere que los niveles de HDL-C y RAGE predicen los niveles de SRAGE.

Conclusiones: la expresion de RAGE se asocia con niveles mas bajos de SRAGE en la obesidad infantil. Ademas, los nifios obesos muestran

cardiometabdlicos.

INTRODUCTION

Childhood obesity and overweight represent a major world health
problem which is considered as a global epidemic. In Mexico, the
prevalence of obesity among children from five to eleven years
old is 35.6 % and 38.4 % in adolescents in 2018 (1). Children
with obesity are at high risk to present impaired glucose tolerance,
insulin resistance, and metabolic syndrome (2). The appearance of
these obesity-related complications translates into the increased
prevalence of cardiometabolic risk factors in adulthood (3). There-
fore, it requires immediate action to prevent its deleterious effects
into adulthood. Body mass index (BMI) constitutes the most com-
mon obesity diagnostic tool in clinical practice and higher values
of BMI have shown a progressive increase in cardiovascular risk
(4). However, the use of BMI as an indicator of metabolic health
has been debated, given that the concept “metabolically healthy
obesity” raises further concerns regarding that could represent a
transient state (5). Therefore, the identification of specific molecu-
lar biomarkers conferring more accurate assessment of childhood
obesity and related metabolic alterations is required.

Erusalimsky et al. discussed the functions of soluble receptor
for glycation end-products (SRAGE) and the evidence support-
ing their use as a promising biomarker of disease risk (6). The
cell surface transmembrane multiligand receptor for advanced
glycation end-products (RAGE) encoded by the AGER gene is
expressed predominantly in the lung, spleen and immune cells,
playing an important role in the responses to cell injury stimuli
derived from oxidative stress (7). RAGE can interact with diverse
ligands such as danger signaling molecules (DAMPs), pathogen-
associated molecular pattern molecules (PAMPs) and advanced
glycation end-products (AGEs). AGEs are a group of harmful
molecules formed by non-enzymatic glycation of biomolecules
(mainly protein) with reducing sugars, and their production in-
creases under the conditions of long-term hyperglycemia and
pro-inflammatory/pro-oxidative state. AGEs-RAGE interaction
leads in NF-kB and nicotinamide adenine dinucleotide phos-
phate (NADPH) activation, pathways involved in the generation

[Nutr Hosp 2023;40(5):960-966]

marcadores de riesgo cardiometabdlico mas elevados y una asociacion positiva con SRAGE.

of inflammatory responses such as cytokine release, oxidative
stress and apoptosis, which overall contribute to the progression
of adiposity-related cardiometabolic diseases (8,9). The soluble
isoform SRAGE counteracts AGE-RAGE interaction. SRAGE arises
from the cleavage of the extracellular region of the membrane-
associated receptor, acting as a competitive inhibitor and thereby
protecting against tissue injury and inflammation (10).

SRAGE levels have been measured in childhood in search
for associations with disease states (11-16). Several studies
reported lower levels of SRAGE in end-stage of renal disease,
cardiovascular complications, diabetes and obesity than in
healthy subjects (17-21), providing further support to the pro-
tective role of SRAGE. In adolescents with obesity, its role as
a biomarker of endothelial dysfunction has been suggested,
given this association with flow-mediated vasodilation (FMD)
(22). It has been reported that obese children and adolescents
showed diminished amount of plasma SRAGE compared with
normoweight counterparts and negatively correlated with car-
dio metabolic risks factors (23).

Disease states exhibit lower amount of SRAGE, and this could
be partially explained because certain pathological conditions are
accompanied by an elevation of AGEs that could be related to
an increase of RAGE expression (24). However, RAGE transcript
levels related to childhood obesity have not been explored. In
this cross-sectional study, the total circulating SRAGE was deter-
mined using enzyme-linked immunosorbent assay (ELISA) and
AGER expression levels related to full length isoform of RAGE,
to explore the relationships with cardiometabolic risk factors in
childnhood obesity.

MATERIALS AND METHODS

STUDY POPULATION

In this cross-sectional study, anthropometric measurements
including height and weight were taken in a total of 260 children
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between the ages of 6-11 years old who attend at the three
full-time school programs located in Escalerillas, San Luis Po-
tosi, México. The above assessment shows that 15.7 % of the
children had overweight and 11.1 % had obesity according to Z
scores of BMI for age (BMI/A) and taking into consideration the
date of birth and gender. BMI/A was classified according to the
World Health Organization (WHO) criteria (25). We invited over-
weight or obese children both male and female by convenience
sampling to participate in this study and 40 children were re-
cruited. All the participants were informed of the objective and
activities of the study. Both parents and students read the in-
formed consent and assent, respectively, and indicated their
agreement to participate in the study. This study was conducted
following the guidelines of the Committee of Health Education
and Research of the Health Secretary of San Luis Potosi, in San
Luis Potosi, Mexico (register number SLP/012-2017) and was
approved by the local University Ethics Committee (CONBIOETI-
CA-24CEI-003-20190726).

ANTHROPOMETRIC AND BIOCHEMICAL
MEASUREMENTS

Al participants underwent physical examination and anthro-
pometric assessment included height (cm), weight (kg), BMI (kg/
m?), waist circumference (WC) (cm), neck circumference (NC)
(cm), fat mass (FM) (%), free fat mas (FMM) (kg) and central
fat mass (CFM) (kg). A bioelectrical impedance analyzer (Tanita
BC-418) (Tanita Corp., Tokyo, Japan) and stadiometer (Seca 213)
were placed on a flat surface. A standardized nutritionist took
these measurements. BMI was calculated using Quetelet formula
(kg/m?) and interpreted as Z scores based on age and gender.
The classification used was proposed by the WHO; categories
were obesity (> 2 Z score) and overweight (> 1 Z score). Fur-
thermore, WC and NC were measured using a Lufkin Executive®
Thinline 2 m, W606PM metal tape (Lufkin W606PM, Sparks, MD,
USA) to the nearest 0.1 cm with the children standing upright.
WC measurement was taken at the midpoint between the iliac
crest and the last rib, taken in the narrowest part of the abdomen
and at the end of normal expiration. WG risk level for cardiometa-
bolic risk was determined as those above the > 90™ percentile,
according to percentiles in Mexican-American children (26).

Finally, NC was measured at the level of the thyroid cartilage
aligned horizontally, head held erect, and eyes facing forward, as
it has been previously described (27).

Blood samples (6 ml) were collected with a BD Vacutainer®
system, with a previous 12-hour fasting. The serum was sepa-
rated to determine fasting plasma glucose, total cholesterol (TC),
high-density lipoproteins (HDL-C), low-density lipoproteins (LDL-
C), and triglycerides (TG). Samples were processed in a BS 300
Mindray Autoanalyzer, and the fasting plasma glucose was de-
termined by the glucose peroxidase method. The findings were
done in a certified clinical analysis laboratory.

M. Vega-Cérdenas et al.

SERUM ANALYSIS

The serum levels of total SRAGE were determined using a specific
sandwich ELISA kit (Quantikine, R&D Systems, Minneapolis, MN,
USA). This ELISA is designed to measure human RAGE (extracellular
domain) in cell culture supernatants, serum, and plasma. Measure-
ments were performed in duplicates and the results were averaged.
The minimum detectable dose of human RAGE was determined to
be 3 pg/ml. The detection limit of the assay was 10 pg/ml. The intra
or the inter-assay CV were < 5 and < 10 %, respectively.

GENE EXPRESSION

Total RNA was extracted from peripheral blood mono-
nuclear cells (PBMC) using TRIzol™ reagent (Invitrogen™)
according to the manufacturer’s instructions. RNA concen-
tration and purity were determined with a spectrophotom-
eter (Synergy™ HT, BioTek). A total amount of 100 ng of
RNA was used to synthesize cDNA with a High-Capacity
CcDNA Reverse Transcription Kit (Applied Biosystems™).
A total of 250 ng of cDNA were used as a template to perform
gPCR using TagMan® Universal Master Mix (Applied Biosys-
tems™). To evaluate the mRNA expression of RAGE, iTag™
Universal SYBR Green Supermix and specific primers for AGER
(sense:  5'-gcatcagcatcatcgaacca-3’, antisense:  5’-tgcac-
getectectett-3') were used. The analysis was performed on the
CFX96 Touch™ Real-Time System (BioRad). The data were ana-
lyzed with the 2-ACq method against the level of the transcripts
ACTIN for mRNAs.

STATISTICAL ANALYSIS

Data are shown as the mean = standard deviation (SD) or the
mean = SD. The distribution of each one of the variables was as-
sessed by the Shapiro-Wilk test. The assessment of differences
in the levels of SRAGE between children with overweight or obe-
sity was determined using both parametric t test. The statistical
analysis was performed using InStat GraphPad software (InStat
GraphPad Inc., San Diego, CA, USA), version 7.0. Spearman’s
correlation coefficient was evaluated for correlation analysis.
Univariate and multivariate linear regression models were esti-
mated to assess the possible dependence of SRAGE on some
explicative variables. Multivariate model (by stepwise procedure)
was estimated considering the following independent variables:
WC, glucose triglycerides (TG), and HDL-C. Statistical analyses
were performed using SPSS 20.0 for Window package. A p-value
lower than 0.05 was considered as statistically significant.

RESULTS

A total of 40 children of both genders were evaluated with
a mean (IR) age of 8.6 (6.3-11.1), 40 % were boys (n = 16)
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and 60 % were girls (n = 24). Anthropometric characteristics,
glucose, and lipid profile of the individuals are summarized in
table I. The two groups were comparable for age and sex and no
significant age differences were detected. In the obesity group,
the mean (SD) BMI Z-score was 2.86, 60 % of the children in this
group presented abdominal obesity (WC > 90 percentile), and
mean WC was 78.66 =+ 8.09.

Figure 1 shows the distribution of circulating SRAGE levels
between overweight and obesity children. Moreover, SRAGE se-
rum levels were higher in the overweight group compared to the
obesity group (p = 0.0366) (Fig. 1A) and RAGE expression levels
were higher in the obesity group (p = 0.0315) (Fig. 1B). Serum

SRAGE was noted to have a significant inverse correlation with
RAGE expression levels (r -0.3528, p 0.0407) (Fig. 2).

Correlation analysis between cardiometabolic markers, RAGE and
SRAGE levels are reported in table Il. Only serum sRAGE levels were
significantly correlated with the cardiometabolic risk factor HDL-
cholesterol (r.297, p = 0.032). The associations among sRAGE and
the main cardiometabolic risk factors and RAGE expression levels
were analyzed by univariate linear regression analysis (Table Ill). To
investigate the independent effect of cardiometabolic risk factors on
SRAGE levels, a multivariate stepwise regression analysis was per-
formed (Table IV). The above suggests that HDL-C and RAGE levels
represents predictors of SRAGE.

Table I. Comparison analysis of cardio-metabolic risk factors between groups

Overweight Obesity
20 20 .

Sex 6 males 10 males

14 females 10 females
Age (years) 8.50 +1.62 9.13+1.41 0.1858
BMI-Z score 1.48 +0.31 2.86 + 0.65 < 0.0001
Waist circumference (cm) 65.95 +6.10 78.66 + 8.09 < 0.0001
Neck circumference (cm) 28.80 = 2.55 31.89+1.93 < 0.0001
Fat mass (%) 27.39 +2.92 34.96 + 5.37 < 0.0001
Trunk fat (kg) 4.05+0.92 7.02 +1.87 < 0.0001
Muscular mass (kg) 24.34 + 4,59 30.55 = 5.68 0.0003
Glucose (mg/d) 84.83 + 7.31 86.65 + 5.50 0.3510
Triglycerides (mg/dl) 137 +61.74 173.7 £ 66.59 0.0752
Total cholesterol (mg/dl) 156.9 + 27.94 167.6 +19.29 0.4415
HDL-cholesterol (mg/dl) 4318 +9.13 39.89 +9.90 0.1486
LDL-cholesterol (mg/d) 89.42 + 25.00 94.65 + 14.10 0.4197

Mean and standard deviation are shown. BMI: body mass index; HDL. high density lipoprotein, LDL: low density lipoprotein. According to the Bonferroni test, p value

between overweight and obesity groups is p < 0.0001.
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Figure 1.

Distribution of SRAGE and RAGE levels between tested groups. A. Serum SRAGE concentrations were measured by multiplex immunoassay and analyzed by t-test. B. Relative
expression of RAGE was measured by RT-qPCR from peripheral blood mononuclear cells (PBMC) in individuals within the two groups and analyzed by t-test. Graphs show
medians with a range. Statistical significance is shown as “p < 0.05. Circles indicate the overweight group and squares indicate the obesity group.
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r=-0.3528
8000 p = 0.0407

n=34

sRAGE pg/mL

0.00 0.65 0.:IO 0.15
Relative expression RAGE/ACTIN

Figure 2.

Correlation observed between SRAGE and RAGE levels. Correlation between rela-
tive expression of RAGE in peripheral blood mononuclear cells (PBMC) and serum
levels of SRAGE were analyzed using Pearson’s (r) correlation. Graphs show means
+ SEMs. Statistical significance is shown as *p < 0.05.

Table ll. Correlation analysis among
sRAGE, RAGE and cardiometabolic risk

factors
sRAGE | RAGE
r -0.249 0.131
BMI Z-score
P 0.121 0.421
o r -0.046 125
Waist circumference (cm)
p 0.778 0.441
) r -0.005 -0.006
Neck circumference (cm)
p 0.997 0.972
r -0.143 0.198
Fat mass (%)
p 0.380 0.220
r 0.052 0.131
Muscular mass (kg)
p 0.750 0.419
r 0.119 0.076
Glucose (mg/dl)
D 0.465 0.642
Trglycerides (ma/d) r -0.254 0.021
riglycerides (m
o . b 0113 | 0.898
r -0.138 0.105
Total cholesterol (mg/dl)
D 0.403 0.519
r 0.297 0.020
HDL-cholesterol (mg/dl)
p 0.032* 0.454
r -0.061 0.082
LDL- cholesterol (mg/dl)
p 0.709 0.614

BMI: body mass index; HDL: high density lipoprotein; LDL: low density
lipoprotein; SRAGE: soluble receptor for advanced glycation end-products;
RAGE: receptor for advanced glycation end-products. Pearson’s correlation
test has been made. *Correlation is significant, p < 0.05.

M. Aradillas-Garcia et al.

Table lll. Statistically significant
associations at univariate linear
regression analysis

Predictors | B | p-value
sRAGE
Waist circumference -6.721 0.721
Glucose 59.625 0.056
HDL-cholesterol 47.39 0.035
Triglycerides -0.817 0.789
RAGE -13,994.46 0.270

SRAGE: soluble receptor for advanced glycation end-products; RAGE:
receptor for advanced glycation end-products; HDL: high density lipoprotein.

Table IV. Associations at multivariate
stepwise regression analysis

Predictors B p-value
sRAGE
Waist circumference -0.007 0.967
Glucose 144 0.359
HDL-cholesterol 299 0.051
Triglycerides -.248 0.108
RAGE -13079.530 0.047

SRAGE: soluble receptor for advanced glycation end-products; RAGE:
receptor for advanced glycation end-products; HDL: high density lipoprotein.

DISCUSSION

This study suggests that obesity children display significantly
lower sSRAGE serum levels than overweight children, and shows
the relationships between anthropometric, biochemical and adi-
posity parameters of cardio-metabolic risk in prepubertal chil-
dren. The results support the observation that in overweight/
obesity lower levels of the soluble receptor are found compared
to lean controls in study population that included children and
adolescents (22,23). However, the distinction between both lev-
els of adiposity had not been evaluated. Moreover, in our study
a significant association between HDL and sRAGE serum levels
was documented. At regression analysis HDL was an indepen-
dent predictor of SRAGE serum levels, therefore childnood obesi-
ty seems to play a regulating role on the metabolic homeostasis.

SRAGE is implicated in the pathogenesis of several adiposity-
related disorders, showing a lower serum level of the receptor
compared to normal weight controls. However, research involv-
ing adolescents are contradictory (28). Oxidative stress markers
have been proved to be involved in the progression of the most
relevant liver disease present in childhood and adolescence obe-
sity, nonalcoholic fatty liver disease (NAFLD), showing a signifi-
cantly lower amount of SRAGE in obese prepubertal children with
liver steatosis (29). However, the key role of SRAGE in obesity,
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especially in a pre-pubertal population without a chronic disease,
has been poorly explored.

Childhood overweight and obesity (especially in prepubertal
age), the relationships between oxidative stress, stressors and
antistressors, biochemical features and anthropometric vari-
ables, considered as markers of cardiometabolic risk, have
not been widely investigated. There is a need to identify in-
dividuals at the highest risk that could later lead to vascular
complications and diabetes and to an adverse cardiovascular
health (30). The above shows the importance of assessing an
oxidative profile including more than one member of the RAGE
axis and exploring the association with cardiometabolic risk
factors. To address this issue, we have shown for the first time
the AGER, the gene encoding RAGE expression levels analy-
sis related to childhood obesity. Given that RAGE can release
from a diverse number of splice variants, where the full-length
RAGE variant has been fully characterized, the altered vari-
ants of RAGE incapable of transducing signals were excluded
from the primers design (31,32). We found that individuals
with obesity exhibit higher AGER transcripts levels compared
with the overweight group. However, RAGE expression shows
no association with cardiometabolic risk factors in the study
groups. At regression analysis, RAGE was an independent pre-
dictor of SRAGE serum levels, which is in accordance with a
recent study reporting that basal levels of SRAGE are signifi-
cantly negatively correlated with RAGE cell surface expression
in healthy children (33).

The main limitation of this study is related to its sample size.
However, our research group has achieved positive results for the
analysis of gene expression in small numbers of patients (34,35).
It might be argued that another limitation of the present study
is the lack of normal-weight control group. Previous studies in-
clude individuals with overweight or obesity in the same group for
later comparison with normal weight controls. Nevertheless, the
main strength of the current study is the fact that it shows that
receptors for advanced glycation end-products are differentially
expressed among overweight and obesity status.

Cardiometabolic risk factors are altered in childhood over-
weight and obesity. Moreover, in our study, at regression analy-
sis only HDL-C levels were an independent predictor of SRAGE
serum levels, suggesting that the HDL and sRAGE molecules
play a fundamental role in reducing the cardiometabolic risk and
provide relevant information that supports the hypothesis of the
differences between overweight and obesity, favoring the use of
specific biomarkers.

For the first time, a comparative analysis of the SRAGE and
RAGE levels between overweight and obesity pre-pubertal
children has been performed, showing that HDL was an in-
dependent predictor of SRAGE serum levels. However, future
research is needed to fully elucidate the differences among
bout adiposity degrees and test the plausibility of SRAGE and
RAGE transcript as a novel biomarker of obesity-related car-
diometabolic risk.
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Abstract

Background and purpose: the Dietary Approaches to Stop Hypertension (DASH) diet has multifunctional health benefits. We evaluated the
effects of low-sodium salt applied to Chinese modified DASH diet on arterial stiffness in older patients with hypertension and type 2 diabetes.

Methods: sixty-one older adults with hypertension and type 2 diabetes were randomly allocated to low sodium salt group (7 = 31) or normal
sodium salt group (n = 30). They were given the Chinese modified DASH diet plus low-sodium salt (52 % sodium chloride) or same diet plus
regular salt (99 % sodium chloride) for eight weeks, respectively. Brachial and ankle pulse wave conduction velocity, ankle brachial index and
atherosclerosis-related indices were measured at baseline and week 8. In addition, 24-hour urine and blood samples were measured at baseline,
the 4" week and the end of the intervention.

Hypertension complicated Results: as compared with the baseline, the low sodium salt group significantly decreased in ankle brachial index (-0.09 + 0.11, p < 0.001)

with type 2 diabetes. and brachial and ankle pulse wave conduction velocity (-133.07 + 265.99 cm/s, p = 0.010) at week 8 while the normal sodium salt group only
Low sodium salt. DASH

Keywords:

diet. Arterial stiffness decreased significantly in ankle brachial index (-0.06 + 0.12, p = 0.010) at week 8.
Atherosclerosis related Conclusion: the low-sodium salt applied to Chinese modified DASH diet may improve arterial stiffness in patients with hypertension and type 2
indices. diabetes. Further research with an extended follow-up is needed.
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Resumen

Antecedentes y proposito: la dieta DASH (del inglés Dietary Approaches to Stop Hypertension) tiene beneficios multifuncionales para la salud.
Evaluamos los efectos de una sal baja en sodio aplicada a la version modificada china de la dieta DASH sobre la rigidez arterial en pacientes
mayores con hipertension y diabetes tipo 2.

Métodos: sesenta y un adultos mayores con hipertension arterial y diabetes tipo 2 fueron asignados al azar al grupo de sal baja en sodio (n
= 31) o al grupo de sal con contenido normal de sodio (n = 30). Se les administrd la versién china modificada de la dieta DASH més sal baja
en sodio (52 % de cloruro de sodio) o la misma dieta més sal con la cantidad normal de sodio (99 % cloruro de sodio) durante ocho semanas,
respectivamente. Se midieron la velocidad de onda de pulso brazo-tobillo, el indice brazo-tobillo y los indices relacionados con la aterosclerosis al
inicio del estudio y a la semana 8. Se recogieron muestras de orina y sangre de 24 horas al inicio, a la cuarta semana y al final de la intervencion.

Resultados: en comparacion con el estado inicial, el grupo de sal baja en sodio disminuy6 significativamente el indice brazo-tobillo (-0,09 +
0,11, p< 0,001) y la velocidad de onda de pulso brazo-tobillo (-133,07 + 265,99 cm/s, p = 0,010) en la semana 8, mientras que el grupo
de sal con contenido normal de sodio solo disminuyo significativamente en el indice brazo-tobillo (-0,06 + 0,12, p = 0,010) en la semana 8.

Conclusion: la sal baja en sodio aplicada a la version china modificada de la dieta DASH puede mejorar la rigidez arterial en pacientes con

aterosclerosis.

INTRODUCTION

Arterial stiffness is a progressive clinical condition with multiple
causes and contributors, characterized by the accumulation of lip-
ids and fibrous elements in the large arteries (1).1t is related to car-
diovascular diseases, which are the cause of premature deaths. The
economic burden of atherothrombotic disease is high and expect-
ed to increase with increased survival and the aging population (2).
A series of studies have shown that there is a close relationship be-
tween arterial stiffness and hypertension, and the development of
arterial stiffness may precede that of hypertension (3). In addition,
studies have shown that diabetes can also induce the development
of arterial stiffness or further accelerate its progression (4).

Unhealthy diet may be an important risk factor for arterial stiffness
(6). Studies have found that the Dietary Approaches to Stop Hyper-
tension (DASH) diet and salt restricted have a good control effect on
blood pressure, blood lipid, weight, metabolic status and blood glu-
cose (6), which are related to arterial stiffness (3). However, there are
few studies about the effect of low-sodium salt applied to DASH diet
on arteriosclerosis in patients with hypertension and type 2 diabetes.

This eight-weeks, randomized, controlled, single-blind trial of
older adults with hypertension complicated with type 2 diabetes
examined the effects of low sodium salt applied to Chinese mod-
ified DASH (CM-DASH) diet on arterial stiffness. We hypothesized
that low-sodium salt applied to CM-DASH diet would improve arte-
rial stiffness under safe conditions.

MATERIALS AND METHODS

We recruited the participants by using the following eligibility
criteria: a) age > 50 and < 75 years old; b) residence near the
hospital, no withdrawal or plan to go out during July-October
2020, possibility of regular follow-up; 3) hypertensive patients
with type 2 diabetes (the diagnostic criteria for hypertension are
SBP > 140 mmHg and/or DBP > 90 mmHg [based on the Chi-
nese Guidelines for the Prevention and Treatment of Hypertension
2018 Revised Edition] [7] and the diagnostic criteria for diabetes
are FBS > 7.0 mmol/l and/or PBS > 11.1 mmol/I [based on the
Chinese Guidelines for the Prevention and Treatment of Type 2

hipertension y diabetes tipo 2. Se necesitan mas investigaciones con un seguimiento prolongado.

Diabetes, 2017 edition] [8]) who currently regularly take antihyper-
tensive drugs/hypoglycemic drugs; d) to strictly abide by the daily
meals provided by us in the course of the study; and d) all the sub-
jects and their family members living together signed the informed
consent. The exclusion criteria were: a) patients with malignant tu-
mor, acute myocardial infarction, stroke within three months or oth-
er serious diseases, and expected survival time less than one year;
b) increased cortisol disorder or aldosteronism; c) acute diseases
such as upper respiratory tract infection, fever, severe diarrhea;
d) deaf-mute, dementia, and serious depression or other mental
disorders which prevent from communicate normally; e) inability to
be followed up due to limited mobility or other reasons; f) renal dys-
function or chronic kidney disease at stage 4 or above; g) abnormal
liver function, with alanine aminotransferase (ALT) or aspartate ami-
notransferase (AST) level greater than two times the upper limit of
normal, or total bilirubin level greater than the upper limit of normal;
h) abnormal blood potassium < 3.5 mmol/l or > 5.5 mmol/l, or
current use of potassium-preserving diuretics; i) attending to par-
ticipate in other clinical studies or current consumption of low-so-
dium diet; and j) other ineligible conditions as adjudicated by in-
vestigators.

This eight-weeks, randomized, controlled, single-blind trial of
older adults with hypertension complicated with type 2 diabetes
was conducted in Chongging, China, during December, 2020. A
total of 61 patients were enrolled and randomly allocated to a low
sodium salt group (LSSG; n = 30) or a normal sodium salt group
(NSSG; n=31), using random number table method. In the com-
ing eight-week period, patients in the LSSG or NSSG were asked
to eat 5 g/day low-sodium salt (“Mushroom Chef” was developed
by the Shanghai Institute of Ecological Health Sciences; name:
solid compound seasoning, executive standard: Q/BAAMO009S,
food production license number: SC10334042205441, main in-
gredients: potassium chloride [31 %], sodium chloride [52 %],
carbohydrate [9.2 %], protein [4.4 %]) or normal-sodium salt
(“Jingxin” was developed by Chongaging Salt Industry Group
Co., Ltd.; name: pure salt, product standard: NY/T1040, sodi-
um chloride content [99 %]) respectively, plus CM-DASH diets.
We fully consider the price and availability of local ingredients,
the eating preferences of the population and the taste of the food
to design the CM-DASH diet daily recipes and CM-DASH diet re-

[Nutr Hosp 2023;40(5):967-974]
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quirements: (a) rice: whole grain (5:1) and (b) mainly white meat
(poultry or fish) and (c) low-fat milk and (d) enough vegetables
(mainly green leafy vegetables) and (e) fruits with low sugar con-
tent and (f) proper amount of nut food and (g) the daily amount
of cooking oil (mainly vegetable oil) < 30 g, salt content < 5 g.
Before the intervention, the data on patients’ demographic and
socioeconomic status were gathered via an in-person interview.
Anthropometry data (weight, body mass index [BMI], waist-hip
rate [WHR]), blood pressure (systolic blood pressure [SBP], dia-
stolic blood pressure [DBP]) and blood sugar (fasting blood sugar
[FBS], and postprandial blood sugar [PBS]) were measured be-
fore and after intervention. Fasting venous blood samples were
collected before, at week 4 and after the intervention from all
enrolled participates to assess lipid profile, liver function damage
and renal function damage indices. In addition, 24-hour urine
samples were also collected before, at week 4 and after the in-
tervention to assess potassium and sodium excretion.
Brachial-ankle pulse wave velocity (baPWV) is a frequent-
ly-used method to measure arteriosclerosis by analyzing the
arterial waves of the arm and tibialis, which has the advantages
of simple method and good repeatability (9). The ankle-brachial
index (ABI) is a non-invasive tool for the assessment of vascular
status, which consists of the ratio between the systolic blood
pressure of the lower extremity, specifically the ankle, and the
upper extremity (10). The baPWV and ABI were measured with
Omron Atherosclerosis Detection Device HBP-8000 before and
after the intervention. Before the measurement, the subjects
were asked not to smoke and rest for more than five minutes.
Total cholesterol (TC), triglyceride (TG), high-density lipopro-
teins-cholesterol (HDL-C) and low-density lipoprotein-cholesterol
(LDL-C) were used to calculate atherosclerosis related indices:

Atherogenic index of plasma (AIP) =
log (TG [mmol/l)/HDL-C [mmol/l]).
Castelli risk index-I (CRI-I) = TC (mmol/l)/HDL-C (mmol/l)
Castelli risk index-Il (CRI-Il) = LDL-C (mmol/I)/HDL-C (mmol/l)
TG to HDL-C ratio = TG (mmol/l)/HDL-C (mmol/l)

The Shapiro-Wilk test was used to test the normal distribu-
tion. Quantitative data are shown as mean = SD if normally
distributed and as median and inter-quartile ranges (25" and
75" percentile) if non-normally distributed. Qualitative data are
expressed as a frequency. An independent-samples t-test was
used to compare the difference between groups and paired t
test was used for changes within group. Quantitative non-nor-
mally distributed data (baseline fasting blood glucose [FBG])
were compared using an independent-samples Mann-Whitney
U test and correlated-samples Wilcoxon test. Categorical vari-
ables were compared using Pearson’s Chi-squared test. ANO-
VA for repeated measurement was used for changes in urine
test. SPSS24.0 statistical software was used for statistical
analysis. All trials were bilateral, and p < 0.05 was considered
statistically significant.

RESULTS

A total of 61 participants were enrolled in this study, and 59
patients (69.03 + 4.12 years, 25 male) completed the entire
study (two subjects in the NSSG withdrew from the study be-
cause of worsening of pre-existing disease or work conflict).
There was no significant difference in baseline characteristics
except that the postprandial blood glucose in LSSG was higher
than that in NSSG (Table I).

As compared to baseline, LSSG showed significant reduction
in ABI (-0.09 + 0.11, p < 0.001), baPWV (-133.07 + 265.99
cm/s, p=0.010), TG to HDL-C ratio (-0.47 + 1.06, p = 0.021)
and AIP (-0.13 = 0.26, p = 0.012) at week 8. NSSG only
showed significant reduction in ABI (-0.06 = 0.12, p=0.01) at
week 8. The changes of AIP and TG to HDL-C ratio in the LSSG
were significantly higher than those in the NSSG (p = 0.008,
p=0.0013) (Table Il).

As compared to baseline, LSSG showed significant reduc-
tion in BMI (-0.24 + 0.62, p = 0.040), SBP (-14.32 + 13.04,

Table I. Baseline characteristics of patients*

Variables LSSG (n = 30) NSSG (n = 29) p-value
Age (years) 70.00 + 4.24 68.03 + 3.82 0.0671
Male, no. (%) 11(36.7) 14 (48.3) 0.367+
Smoking, no. (%) 3(10) 6 (20.69) 0.533¢
Drinking, no. (%) 1(3.33) 2 (6.90) 0.254#
SBP (mmHg) 139.72 +15.98 13479 £15.24 0.2311
DBP (mmHg) 79.07 + 8.89 79.95 + 8.45 0.698t
FBG (mmol/l) 8.65 (6.90,10.18) 7.00 (5.90, 9.95) 0.0778
PBG (mmol/l) 14.55 + 4.44 11.06 + 3.89 0.002t
BMI (kg/cm2) 25.33 +3.08 2519 +1.99 0.832t
WHR (cm) 0.92 +0.05 0.92 +0.04 0.914t

LSSG: low sodium salt group, NSSG: normal sodium salt group, SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; PBG:
postprandial blood sugar; BMI: body mass index;, WHR: waist-hip rate. *Values are expressed as mean + SD, median (first quartile, third quartile) or number, frequency

(%). Independent samples t-test. ¢*Chi-squared test. $Independent samples Mann-Whitney U test.
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p < 0.001), DBP (-6.32 + 5.64, p < 0.001), FBG (-0.75 +
1.54, p=0.013) and PBG (-4.50 = 3.66, p < 0.001) at week
8. NSSG showed significant reduction in SBP (-10.98 + 12.48,
p<0.001), DBP (-5.24 + 6.84, p < 0.001), FBG (-0.69 + 1.62,
p=0.030) and PBG (-2.42 + 3.15, p < 0.001) at week 8. The
changes of PBG in the LSSG were significantly higher than those
in the NSSG (p = 0.023) (Table Il).

Y. Zou et al.

As compared to baseline, LSSG showed significant re-
duction in sodium and sodium/potassium at week 4 (both
p < 0.001) and at week 8 (p = 0.015, p < 0.001). While
NSSG only showed significant reduction in sodium at week 4
(p = 0.015) (Table lll). ALT, AST, BUA, BU and SCR of both
groups were within the reference range at baseline, at week 4
and at week 8 (Table IV).

Table Il. Effect in arteriosclerosis tests, atherosclerosis-related indices, anthropometry,
blood pressure and blood glucose*

LSSG NSSG p-value
Arteriosclerosis tests

ABI
Baseline 1.16 £0.10 1.14 +0.63 0.451%
Final 1.0+0.10 1.08 £0.10 0.590*
Change -0.09 + 0.1 -0.06 + 0.12 0.307*
p-value < 0.00" 0.0101

baPWV
Baseline 1,913.63 + 360.66 1,832.26 + 396.22 0.413¢
Final 1,780.57 + 314.56 1,837.38 + 354.17 0.517+
Change -133.07 + 265.99 512 +271.99 0.053¢
p-value 0.0107 0.9201

Atherosclerosis related indices

CRI-I
Baseline 3.89+0.72 415+0.78 0.186*
Final 3.70+0.73 3.89+0.84 0.360*
Change -0.18 + 0.68 -0.26 +0.73 0.686*
p-value 0.1471 0.0681

CRI-II
Baseline 219+0.70 2.28 + 0.66 0.615¢
Final 2.00 = 0.56 2.10 + 0.61 0.504*
Change -0.18 £ 0.59 -0.17 £ 0.50 0.920¢
p-value 0.0961 0.0751

TG/HDL-C
Baseline 1.72+1.16 1.21+0.58 0.038*
Final 1.25+0.74 1.55+1.07 0.218¢
Change -0.47 +1.06 0.33+1.19 0.008*
p-value 0.0211 0.1421

AIP
Baseline 0.16 £ 0.25 0.04 +0.20 0.051%
Final 0.03+0.24 0.11+0.26 0.233¢
Change -0.13 +0.26 0.07 £ 0.33 0.013¢
p-value 0.012f 0.260"

(Continues on next page)
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LSSG NSSG p-value
Atherosclerosis related indices

BMI
Baseline 25.33 + 3.08 2519 +1.99 0.832*
Final 25.09 + 3.14 2513 +1.75 0.960*
Change -0.24 + 0.62 -0.05 +0.99 0.594+
p-value 0.0401 0.773t

WHR
Baseline 0.92 +0.05 0.92 +0.04 0.914¢
Final 0.90 + 0.07 0.92 +0.04 0.093*
Change -0.02 + 0.06 -0.00 + 0.05 0.108*
p-value 0.073f 0.971f

SBP
Baseline 139.72 + 15.98 134.79 + 15.24 0.231*
Final 125.40 + 9.97 123.81 +12.18 0.585*
Change -14.32 £13.04 -10.98 + 12.48 0.320*
p-value <0.001f < 0.001f

DBP
Baseline 79.07 + 8.89 79.95 + 8.45 0.698*
Final 72.75+7.43 7470 +7.09 0.305*
Change -6.32 +5.64 -5.24 £ 6.84 0.512*
p-value <0.001f < 0.001f

FBG
Baseline 8.65 (6.90, 10.18) 7.00 (5.90, 9.95) 0.694°
Final 7.45(6.73,9.03) 6.90 (5.90, 8.20) 0.687¢
Change -0.70 (-1.65,0.13) -0.50 (-1.65, -0.70) 0.5218
p-value 0.0051 0.025"

PBG
Baseline 14,55 + 4.44 11.06 + 3.89 0.002*
Final 10.05 + 3.43 8.64 +2.85 0.091*
Change -4.50 + 3.66 -2.42 +3.15 0.023+
p-value <0.001f < 0.001"

LSSG: low sodium salt group; NSSG: normal sodium salt group, ABI: ankle-brachial index; baPWV: brachial-ankle pulse wave velocity; CRI-I: TC (mmol/|)/HDL-C

(mmol/l); CRI-Il: LDL-C (mmol/l)/HDL-C (mmol/)); TG to HDL-C ratio: TG (mmol/l)/HDL-C (mmol/l); AIP: log (TG [mmol/ll/HDL-C [mmol/l]); BMI: body mass index; WHR:
waist-hip rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; PBG: postprandial blood sugar. *Values are expressed as mean

+ SD or median (first quartile, third quartile). "Paired samples t-test. *Independent samples t-test. $Independent samples Mann-Whitney U test. "Correlated samples

Wilcoxon test. p < 0.05.
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IN OLDER PATIENTS WITH HYPERTENSION AND TYPE 2 DIABETES

DISCUSSION

Arteriosclerosis, hypertension and diabetes are risk factors
for cardiovascular disease, and arteriosclerosis may be associ-
ated with increased blood pressure in the elderly (11), due to
the change of artery buffer function, leading to increased blood
pressure (12). Normal arterial stiffness was defined as baPWV
< 1,400 cm/s, borderline arterial stiffness was defined as 1,400
< baPWV < 1,800 cm/s, and elevated arterial stiffness was de-
fined as baPWV > 1,800 c¢m/s (13). The 2013 European Society
of Hypertension (ESH) and the European Society of Cardiology
(ESC) guidelines for the management of arterial hypertension
concluded that an increase in baPWV by 1 m/s was associated
with increases in 12 %, 13 %, and 6 % in total cardiovascular
events, cardiovascular mortality, and all-cause mortality (14).
Professor Wu found that the rate of stroke, the rates of major
cardiovascular events and death were lower with the salt substi-
tute than with regular salt (15). Although we found no significant
difference between the two groups in decrease of both baPWV
and ABI, intragroup comparison showed LSSG significantly re-
duced in baPWV and ABI. Based on the ESH/ESC guidelines,
we believe that long-term use of low-sodium formulations and
CM-DASH diets can improve arteriosclerosis and reduce the risk
of cardiovascular disease. Studies have shown that the DASH
diet may be related to reduced PWV, and in salt-sensitive par-
ticipants, the low-sodium DASH diet reduced vascular stiffness
more than DASH did (16).In a prospective cohort study, daily
dietary Na intake and Na:K levels were significantly positively
correlated with increased baPWV levels (17).Na may reduce ar-
terial compliance by inducing transforming growth factor (TGF)-p
(18), and increase the hioavailability of antioxidant nitric oxide
(NO) by decreasing the atherosclerotic process (19). Potassium
can improve arterial stiffness by inhibiting free radical formation
in vascular endothelial cells and macrophages, vascular smooth
muscle cell proliferation, platelet aggregation and arterial throm-
bosis (20).In addition, DASH diet is rich in anti-inflammatory fac-
tors (including unsaturated fatty acids, vitamin C, magnesium,
and dietary fiber), which can reduce the expression of serum
inflammatory factors IL-6 and C-reactive protein (CRP), thereby
delaying and improving atherosclerosis (21).

Lipid metabolism disorder is the most important pathological
basis of atherosclerosis. Dyslipidemia can cause vascular endo-
thelial cell dysfunction, which leads to thickening and stiffening
of the intima and hypertrophy of the vascular wall, and final-
ly formation of lipid streaks and progression to atherosclerotic
plaques (22). Currently, a series of DASH diet intervention trials
have found significant reductions in TC, LDL-C, HDL-C, and apo-
lipoprotein a1 in the DASH diet group compared with the control
group (23,24), but there are few studies on the atherosclero-
sis-related indices which are mainly based on whether lipopro-
tein ratios can be used as potential biomarkers for the early diag-
nosis of cardiovascular disease (25). In our study, LSSG showed
significant reductions in TG/HDL-C ratio and AIP. This indicated
that eight weeks of low-sodium salt and CM-DASH diet can im-
prove atherosclerosis by improving lipid metabolism.

[Nutr Hosp 2023;40(5):967-974]

Twenty-four-hour urinary excretion showed that both the LSSG
and NSSG had the lowest sodium intake at week 4, with a slight
increase at week 8, which may indicate better adherence to
the CM-DASH diet and low-sodium formulation in the first four
weeks than in the last four weeks. A meta-analysis study shows
that the participants have low compliance with the DASH dietary
pattern, which may be related to the price of ingredients, dietary
preference of the population, food availability and dietary taste
(26-28). Although localized the DASH diet, we still recommend
low-fat milk, whole wheat bread and other foods that are not
accepted by Chinese residents in consideration of the balance
of nutrients. In addition, although we recommend avoiding con-
diments like soy sauce and watercress, some patients said they
still use condiments.

The low-sodium salt applied to CM-DASH diet can improve
arteriosclerosis and reduce the risk of cardiovascular disease.
Further research with an extended follow-up is needed.

LIMITATIONS

1. The sample size is relatively small, and the short-term in-
tervention lasting for eight weeks may not fully show the
effect of intervention.

2. Due to the semi-open trial, the use of sodium-laden con-
diments in patients could not be strictly controlled and es-
timated.
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Abstract

Objective: to evaluate clinical, metabolic and body characteristics related to the metabolically unhealthy phenotype (MUH) in menopausal women
who practice resistance training (RT).

Methods: cross-sectional study with a sample of 31 women. Clinical and metabolic variables were measured. Body adiposity was assessed
by body mass index, waist circumference, visceral adiposity index (VAI) and lipid accumulation product (LAP). Body composition analysis was
performed by DEXA.

Results: the prevalence of the MH phenotype was 74.2 %. Metabolically healthy (MH) women were younger, had more years of RT practice,
higher HDL-c levels and lower VAI and android/gynoid ratio (A/G) than the MUH women. Women with inadequacy of HDL-c, TG, A/G and VAl had
12.50 (95 % Cl: 3.30-47.23), 4.83 (95 % Cl: 2.37-9.85), 5.20 (95 % CI: 1.90-14.16) and 3.12 (95 % Cl: 1.07-9.04) times greater prevalence
of the MUH phenotype, respectively, than those with adequacy of these parameters. Binary logistic regression analysis demonstrated that age is
a predictor of the MUH phenotype (OR = 1.254; 95 % Cl: 1.00-1.56) and this variable showed correlation with TG, VAI and A/G. There was no
association between thyrotropin and MUH phenotype in the present sample.

Conclusion: age and visceral adiposity are predictors for the MUH phenotype in RT practitioners in menopause, which may initially be charac-
terized by alterations in serum lipid profile.

Resumen

Obijetivo: evaluar las caracteristicas clinicas, metabdlicas y corporales relacionadas con el fenotipo metabdlicamente no saludable (MNS) en
mujeres menopausicas que practican entrenamiento de resistencia (ER).

Métodos: estudio transversal con 31 mujeres. Se midieron variables clinicas y metabdlicas. La adiposidad corporal se evalud mediante el indice
de masa corporal, la circunferencia de la cintura, el indice de adiposidad visceral (IAV) y el producto de acumulacion de lipidos (PAL). El andlisis
de composicion corporal fue realizado por DEXA.

Resultados: la prevalencia del fenotipo metabdlicamente saludable (MS) fue del 74,2 %. Las mujeres metabdlicamente saludables (MS) eran
mas jovenes, tenian mds afios de préctica de ER, niveles mas altos de HDL-c y menor IAV y relacion androide/ginoide (A/G) que las mujeres
MNS. Hubo asociacion del fenotipo MNS con los niveles de HDL-c y A/G. Las mujeres con insuficiencia de HDL-c, TG, A/G y IAV tuvieron 12,50
(IC 95 %: 3,30-47,23), 4,83 (IC 95 %: 2,37-9,85), 5,20 (IC 95 %: 1,90-14,16) y 3,12 (IC 95 %: 1,07-9,04) veces mayor prevalencia del fenotipo
MNS, respectivamente, que aquellas con adecuacion de estos parametros. El andlisis de regresion logistica binaria demostré que la edad es un
predictor del fenotipo MUH (OR = 1,254; IC 95 %: 1,00-1,56) y esta variable mostré correlacion con TG, VAl and A/G. No hubo asociacion entre
la tirotropina y el fenotipo MUH en la presente muestra.

Conclusion: la edad y la adiposidad visceral son predictores del fenotipo MUH en practicantes de ER en la menopausia, que puede caracterizarse
inicialmente alteraciones en el perfil plasmético de insipidos.
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INTRODUCTION

The increase in obesity cases among the world population
is considered as a serious public health problem because the
chronic inflammatory state, typically seen in this disease, is
a risk factor for the development of systemic arterial hyper-
tension, type 2 diabetes mellitus and metabolic syndrome (1).
However, while some individuals with excess body mass show
alterations in cardiometabolic parameters, there are those who
are free from these abnormalities. This presence or absence
of clinical and metabolic inadequacies classify these subjects
as “metabolically unhealthy” (MUH) and “metabolically healthy”
(MH), respectively, based on predefined criteria. The prevalence
of MH and MUH phenotypes may vary according to genetic, so-
cioeconomic factors and lifestyle habits; however, it is believed
that the pattern of body fat distribution is determinant for the
increase in cardiometabolic risk (2).

During menopause, it is estimated that approximately two
kilograms are gained every three years, with a significant in-
crease in visceral adipose tissue (VAT) and a decrease in fat-
free mass (FFM) (3). These changes in body composition may
occur due to reductions in the levels of female sex hormones,
estrogen and progesterone, which, in turn, seem to influence
the action of thyrotropin (thyroid-stimulating hormone [TSH]),
the main marker of thyroid function (4). Recently, some studies
have investigated the relationship between serum TSH concen-
trations and the MH and MUH phenotypes; however, the find-
ings on this topic are scarce and contradictory, and, to date,
there are no studies that analyze this relationship in a popula-
tion of menopausal women (5,6).

As a way to minimize the damage related to the end of the
female reproductive life, the practice of physical exercises, espe-
cially resistance training (RT), seems to be an effective alternative
for influencing the release of inflammatory cytokines discharged
by the VAT and promoting improvements in body composition,
such as increased FFM and reduced fat mass (FM) (7).

Thus, considering the important hormonal and body changes
that occur after menopause, as well as the potential effective-
ness of physical exercise, the objective of the present study was
to evaluate clinical, metabolic and body characteristics related to
the MUH phenotype in women practicing RT during menopause.

METHODS

TYPE OF STUDY AND POPULATION

Observational and cross-sectional study with a sample of RT
practitioners going through menopause, selected from a gym
located in the city of Belo Horizonte, Minas Gerais, Brazil. The
participants were recruited after answering adverts posted on the
academy’s bulletin boards. To define the number of participants
in the sample, a sample calculation was performed, based on
data from a previous pilot study carried out with ten women in a
simple random sample to estimate the population standard devi-
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ation. After the pilot study, a sample consisting of 31 women was
obtained as the ideal minimum size, using the formula:

n > ([Za/2*c}/d)? (Za/2 = Z value; n = number of subjects;
o = estimated variance; d = maximum estimation error).

The following inclusion criteria were defined: a) being over
45 years of age; b) having had the last menstrual period at least
12 months before; and ¢) having been practicing RT two days a
week, at a minimum, for at least six months. The following criteria
were adopted for the exclusion of subjects: a) women with phys-
ical limitations or disabilities that prevented the measurement
of anthropometric and body composition data; b) women who
underwent previous bariatric surgery; ¢) women who had a his-
tory of cancer or thyroid diseases; d) women who underwent sex
and/or thyroid hormone replacement; €) smokers and/or women
who consumed alcohol in excess (more than 15 g per day); and
f) women who practiced another type of physical exercise, in ad-
dition to RT.

The study was submitted to the Research Ethics Committee of
the Universidade Salgado de Oliveira and approved under pro-
tocol 99/2010. All possible participants received the free and
informed consent term (Termo de consentimento livre e esclare-
cido [TCLE]) and inclusion in the research was carried out only
after the document was signed.

DATA COLLECTION

Data collection was performed by trained health professionals,
such as physicians, nurses and physical educators, and labora-
tory and body composition analyses were performed in an ac-
credited laboratory.

Clinical and laboratory variables

Blood pressure (BP) was measured with a UNITEC mercury
column manometer, with cotton cuff and velcro closure. To this
end, the recommendations of the Brazilian Guidelines on Arterial
Hypertension were followed. As instructed, the sample members
had an empty bladder, had not smoked for at least 30 minutes
nor ingested alcoholic beverages, coffee or food. They also had
not exercised for at least an hour. Three measurements were
performed, with an interval of one to two minutes between them.
The BP value considered was equivalent to the average of the
last two measurements (8).

The assessment of serum concentrations of TSH, tri-
glycerides (TG), high-density lipoprotein cholesterol (HDL-c)
and blood glucose were obtained by venipuncture, within
12 hours of fasting, with a specific kit for each of the variables.
Blood glucose, TG and HDL-c were evaluated by the enzymatic
calorimetric method (Gold Analisa®), while for the TSH mea-
surement the third generation chemiluminescence method was
used, with a DPC® kit (Diagnostic Products Corporation) and an
Immulite 2000® device.

[Nutr Hosp 2023;40(5):975-983]
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The classification of BP, lipid profile and fasting blood glucose
was performed according to the cut-off points proposed by the
Sociedade Brasileira de Hipertensdo (10), the Sociedade Brasile-
ira de Cardiologia (9) and the Sociedade Brasileira de Diabetes
(10), respectively.

Anthropometric and body composition
assessment

The measurement of anthropometric variables and the assess-
ment of body composition were performed with the participants
wearing appropriate clothing, such as tops and shorts. For the
analysis of body composition, a DEXA device, brand GE® lunar |,
model 40782, was used. Body composition and height variables
(in meters [m]) were calculated using the Encore 2007 program,
version 11.3. Information on the total body mass, fat mass (FM),
body fat percentage (%BF) and android/gynoid ratio (A/G) was
obtained. Among the components analyzed, the %BF was clas-
sified according to the Association of Clinical Endocrinologists
and the American College of Endocrinology (AACE/ACE), whose
cut-off point for inadequacy is > 35 % (11).

Body mass index (BMI) was calculated by dividing the body
mass (in kilograms [kg]) by height (in square meters [m?], and
this variable was classified after considering the cut-off points
proposed by the World Health Organization (WHO) (12). For sta-
tistical purposes, we chose to classify the sample as “eutrophy”
and “overweight” for BMI between 18.5 and 24.9 kg/m2 and
> 25.00 kg/m2, respectively.

Body adiposity distribution was assessed by A/G, WC, visceral
adiposity index (VAI) and lipid accumulation product (LAP). The
measurement of WC was performed at the end of a deep inspira-
tion, using an inextensible measuring tape (precision of 0.1 ¢cm),
positioned at the midpoint between the lower costal margin and
the iliac crest, as recommended by the | Brazilian Guidelines for
Diagnosis and Treatment of Metabolic Syndrome (13). To clas-
sify this variable, the cut-off point for inadequacy utilized was
> 88 cm, as suggested by the National Cholesterol Education
Program ATP Ill (NCEP-ATP Ill) (16).

The VAI calculations proposed by Amato et al. (15) were uti-
lized, using the variables WC (in centimeters [cm]), BMI and se-
rum concentrations of TG and HDL-c (in mmol/l), as demonstrat-
ed by the formula:

WC TG 1.52
VAlwomen = X[ —— x| ——
36.58 + (1.89 x BM)) ) \0.81) \HDL-c

LAP was calculated considering WC (cm), TG (in mmol/l) and
a constant of 58, referring to a minimum WC value, which com-
prises only the number of abdominal muscles, viscera and bone
content: LAP women = (WG — 58) x (TG) (16). VAl and LAP were
classified according to the cut-off point established by Eickem-
berg et al. (17) (inadequacy of VAI: > 1.44; inadequacy of LAP:
> 22.64).

[Nutr Hosp 2023;40(5):975-983]

Classification of MH and MUH phenotypes

The MH and MUH phenotypes were classified according to
the Comorbidity Criteria (18), in which individuals who do not
have type 2 diabetes mellitus, systemic arterial hypertension or
dyslipidemia are considered to be MH. To this end, the following
considerations were made:

1. For the diagnosis of systemic arterial hypertension: self-re-
ported medical diagnosis; use of antihypertensives; or SBP:
> 140 mmHg; DBP: > 90 mmHg during the assessment.

2. For the diagnosis of type 2 diabetes mellitus: fasting blood
glucose concentrations > 126 mg/dl, or blood glucose after
two hours of consumption of 75 g of anhydrous glucose >
200 mg/dl, or glycated hemoglobin > 6.5 %, or oral/sub-
cutaneous use of hypoglycemic medication, or self-report
of previous diagnosis of the disease.

3. For the diagnosis of dyslipidemia: HDL-c: < 50 mg/dl; TG: >
150 mg/dl; or use of medication for lipid control.

RT practice

Information on the time (in years and minutes/week) and week-
ly frequency of RT was obtained using a questionnaire developed
by the research team, validated among health professionals par-
ticipating in the study, as performed in previous studies (19,20).
There was no intervention in the RT practice performed by the
sample. These exercises were performed with the accompani-
ment of physical education professionals from the academy and
according to the recommendations of the American College of
Sports Medicine (21).

Statistical analysis

The normality of the variables was verified using the Shap-
iro-Wilk test, from which it was decided to use parametric tests
for statistical analysis. Data presentation was made by mean and
standard deviation (SD). To compare the continuous variables be-
tween the MH and MUH phenotypes, the Student’s test was used.
The association between categorical variables was evaluated us-
ing the Chi-squared test (2 or Fisher’s exact test (frequency <
5) and the prevalence ratio. The correlation between continuous
variables was analyzed by Pearson’s correlation, and the cor-
relation factor (r) was classified as strong for values above 0.6,
moderate for values between 0.4 and 0.59, and low for values
below 0.39. A binary logistic regression analysis was performed
to verify whether age can be a predictor of the MUH phenotype.
A significance level of 5 % was adopted (p-value < 0.05) and the
analyses were performed using the SPSS program, version 21.

RESULTS

Among the 189 women who enrolled in the study, only
76 were considered as eligible, though only 31 completed all
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stages of it. The mean age of the sample was 52.29 + 4.56 ye-
ars, BMI: 26.14 = 4,93 kg/m2, TSH: 2.23 + 0.89 IU/ml, time in
years of RT practice: 11.29 = 14.11 and weekly frequency of
RT: 4.00 + 1.15 days/week (Table I).

The MH and MUH phenotypes were present in 74.2 % and
25.8 %, respectively, of the total sample. MH women were
younger (51.26 = 4.44 years; MUH: 55. 37 = 3.88 years, p-val-
ue = 0.03), performed RT for a longer time in years (11.70 +
13.70; MUH: 3.81 + 3.66, p-value = 0.01) and showed high-
er mean serum HDL-c concentrations (72.13 + 13.59 mg/dl;
MUH: 48.37 + 7.55 mg/dl, p-value < 0.01), lower VAI (0.81 +
0.37; MUH: 1.63 + 0.85, p -value = 0.03) and A/G (0.79 + 0.15;
MUH: 0.98 = 0.22, p-value = 0.01) when compared to MUH
women (Table II).

The analysis of association of clinical, metabolic and body
variables with metabolic phenotypes is shown in table ll. Inade-
quacy of BP and fasting glycemia were not identified in the total
sample, so the MUH phenotype was characterized only by lipid
inadequacies. Seventy-five per cent of the MUH women showed
inadequacy of HDL-c and 25 % of TG, with a statistically signif-
icant difference for the former when compared to MH women
(p-value = 0.01).

There was greater inadequacy of A/G among MUH wom-
en when compared to MH ones, with a statistically significant
difference between metabolic phenotypes (MUH: 50.0 %;
MH: 21.7 %, p-value = 0.01). MUH women also had a higher
prevalence of overweight by BMI (MUH: 75.0 %; MH: 47.8 %)
and greater inadequacy of WC (MUH: 50.00 %; MH: 39.1 %), VAI
(MUH: 37.5 %; MH: 8.7 %), LAP (MUH: 50.0 %, MH: 21.7 %) and
%BF (MUH: 87.5 %; MH: 47.8 %) when compared to MH women,
although no statistically significant difference was found between
MH and MUH.

Among the variables analyzed, women with inadequacies of
HDL-c, TG, A/G and VAI showed a higher prevalence of present-
ing the MUH phenotype, in the order of 12.50 (95 % CI: 3.30-
47.23), 4.83 (95 % Cl: 2.37-9.85), 5.20 (95 % ClI: 1.90-14.16)
and 3.12 (95 % ClI: 1.07-9.04), respectively, than those with
adequacy of these components (Table 1V). Binary logistic regres-
sion analysis was performed to verify whether age preceded the
MUH phenotype. The model containing an age was significant
(Xq[1] = 4,981; p = 0.03, Rz Nagelkerke = 0.218) (OR = 1.254;
95 % Cl: 1.00-1.56).

There was a positive correlation between age and TG. Time in
years of RT presented a positive correlation with HDL-c and an
inverse correlation with SBP and DBP. BMI and WC were posi-
tively correlated with SBP. The variables of visceral adiposity, A/G
and IAV, demonstrated an inverse correlation with HDL-c and a
positive correlation with fasting glucose and TG. The latter also
showed a positive correlation with PAL (Table V).

DISCUSSION

Menopause is considered as a risk factor for the development
of the MUH phenotype since the reduction in estrogen and pro-
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gesterone concentrations favors the accumulation of VAT (22).
However, data found in the present study demonstrate a higher
prevalence of the MH phenotype, unlike the findings by Lwow et
al. (23), in a cross-sectional study with menopausal women, in
which 82.7 % had the MUH phenotype. The difference between
these results can be explained by the use of different criteria for
classifying metabolic phenotypes and by the fact that only wom-
en practicing RT were included in the present sample, unlike the
aforementioned study, in which the practice of physical activity is
not mentioned.

Table I. Characteristics of total sample

Total sample (n = 31)

Mean = standard deviation

General characteristics

Age (years) 52.29 + 4.56
Time_years (RT) 11.29 £ 1411
Time_week (RT) (min/week) 289.35 + 216.22
Freq_week (RT) (days/weak) 400+1.15

Clinical and metabolic characteristics

SBP (mmHg) 122.70 + 7.80
DBP (mmHg) 78.61 +5.85
TSH (UI/ml) 2.23+0.89
HDL-c (mg/d) 66.66 + 16.14
TG (mg/dI) 82.90 + 47.05
Fasting blood glucose (mg/dl) 88.41 + 6.21

Body characteristics

BMI (kg/m?) 26.14 £ 4.93
WC (cm) 80.31 +7.62
VAl 1.02 +0.63
LAP 2164 +15.26
%FB 37.92+6.18
AG 0.84 +0.19

Data shown as mean and standard deviation. Time_years (RT): time

of resistance training in years, Time_week (RT) (min/week): time of
resistance training in minutes per week; Freq_week (RT): weekly frequency
of resistance training; SBP: systolic blood pressure; DBP: diastolic

blood pressure, TSH: thyroid stimulating hormone, HDL-c: high-density
lipoprotein cholesterol; TG: triglycerides; BMI: body mass index; WC: waist
circumference; VAI: visceral adiposity index, LAP: lipid accumulation product;
%BF: percentage of body fat; A/G: android/gynoid ratio.

[Nutr Hosp 2023;40(5):975-983]
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Table Il. Comparison of clinical, metabolic and body variables between metabolic

phenotypes
MH MUH
74.2 % (n = 23) 25.8 % (n = 8) e
Mean + standard Mean + standard
deviation deviation
General characteristics
Age (years) 51.26 + 4.44 55.25 +3.73 0.03
Time_years (RT) 11.70 £ 13.60 3.81 +3.66 0.01
Time_ week (RT) (min/week) 304.78 + 234.20 245.00 + 157.93 0.51
Freq_week (RT) (days/weak) 4.08 +1.23 3.75+0.88 0.48
Clinical and metabolic characteristics
SBP (mmHg) 121.91 £ 8.02 125.00 = 7.11 0.34
DBP (mmHg) 79.00 £5.70 77.50 + 6.54 0.54
TSH (Ul/ml) 2.39+0.93 1.78 £ 0.59 0.09
HDL-c (mg/d) 72,13 +£13.59 48.37 £ 7.55 <0.01
TG (mg/d)) 73.65 + 29.88 109.50 + 74.78 0.22
Fasting blood glucose (mg/dl) 88.69 + 6.01 87.62+7.13 0.68
Body characteristics
BMI (kg/m?) 25.74 £ 4.93 27.29 +5.09 0.45
WC(cm) 79.85 + 7.56 81.62 + 8.14 0.58
VAI 0.81 +0.37 1.63+0.85 0.03
LAP 19.28 +13.83 28.43 + 18.06 0.14
%FB 37.44 + 6.68 39.42 £+ 4.40 0.35
AG 0.79+0.15 0.98 +0.22 0.01

*Values with statistical significance (p-value > 0.05). Student’s t test. Data shown as mean and standard deviation. Time_years (RT): time of resistance training in
years; Time_week (RT) (min/week): time of resistance training in minutes per week; Freq_week (RT): weekly frequency of resistance training; MH: metabolically
healthy; MUH: metabolically unhealthy; SBP: systolic blood pressure; DBP: diastolic blood pressure, TSH: thyroid stimulating hormone, HDL-c: high-density lipoprotein
cholesterol; TG: triglycerides; BMI: body mass index; WC: waist circumference; VAI: visceral adiposity index; LAP: lipid accumulation product; %BF: percentage of body

fat; A/G: android/gynoid ratio.

Table lll. Association between clinical, metabolic and body variables according
to metabolic phenotypes

[Nutr Hosp 2023;40(5):975-983]

MH MUH
74.2 % 25.8 % p-value*
(n =23) (n=8)
BP (mmHg)
Adequate 100.0 (23) 100.0 (8) _
Inadequate 0.0 (0) 0.0(0)
HDL-c (mg/d))
Adequate 100.0 (23) 25.0 (2 <0.01
Inadequate 0.0 (0) 75.0 (6)
TG (mg/di)
Adequate 100.0 (23) 75.0 (6) 0.05
Inadequate 0.0 (0) 25.0(2)
(Continues on next page)
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Table Ill (Cont.). Association between clinical, metabolic and body variables according

to metabolic phenotypes

MH MUH
74.2 % 25.8 % p-value*
(n =23) (n=8)
Fasting blood glucose (mg/d)
Adequate 100.0 (23) 100.0 (8) _
Inadequate 0.0 (0) 0.0(0)
TSH (Ul/mi)
Adequate 91.3(21) 100.0 (8) 1.00
Inadequate 8.7 (2) 0.0(0)
BMI (kg/m?)
Adequate 52.2 (12) 25.0 (2) 0.24
Inadequate 47.8 (11) 75.0 (6)
WC (cm)
Adequate 60.9 (14) 50.0 (4) 0.68
Inadequate 39.1(9 50.0 (4)
%BF
Adequate 52.2 (12) 12.5(1) 0.09
Inadequate 47.8 (11) 87.5(7)
AG
Adequate 95.7 (22) 50.0 (4) 0.01
Inadequate 4.3 (1) 50.0 (4)
VAl
Adequate 91.3(21) 62.5 (5) 0.09
Inadequate 8.7 (2) 3753
LAP
Adequate 78.3(18) 50.0 (4) 0.18
Inadequate 21.7 (9) 50.0 (4)

*Values with statistical significance (p-value < 0.05). Chi-squared test or Fisher's exact test (n < 5). MH: metabolically healthy; MUH: metabolically unhealthy; BP:
blood pressure; HDL-c: high-density lipoprotein cholesterol; TG: triglycerides, TSH. thyroid stimulating hormone; BMI: body mass index; WC: waist circumference, %BF:

percentage of body fat; A/G: android/gynoid ratio; VAI: visceral adiposity index; PAL: lipid accumulation product.

Table IV. Prevalence ratio between metabolic and body variables and metabolically

unhealthy phenotype

PR 95 % CI (lower-upper)
HDL-¢ (mg/dl) 12.50 (3.30-47.23)
TG (mg/dI) 4.83 (2.37-9.85)
BMI (kg/m2) 2.47 (0.58-10.38)
WC (cm) 1.73 (0.06-3.53)
%BF 5.05 (0.70-36.25)
VAI 3.12 (1.07-9.04)
LAP 2.44 (0.77-7.70)
AG 5.20 (1.90-14.16)

PR: prevalence ratio; 95 % CI: 95 % confidence interval; HDL-c: high density lipoprotein cholesterol; TG: triglycerides; BMI: body mass index; WC: waist circumference;
%BF: percentage of body fat; VAI: visceral adiposity index; PAL: lipid accumulation product; A/G: android/gynoid ratio.

[Nutr Hosp 2023;40(5):975-983]
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%BF
0.029
0.306
0.102

0.249
0.286
0.086

-0.259
0.490"
-0.143

0.845"

LAP

0.186
-0.072

VAI
-0.315
04727

0.433

0.935"

0.062
-0.158

-0.145
0.565"
0.381

A/G

0.541"

0.238
0.030

WC (cm)
0.017
0.147
0.116

0.190
0.479"

0.169

BMI
(kg/m?)
0.027
0.124
0.109

0.197

0.446
0.156

RT
(min/week)
0.191
0.125
0.034

0.026
-0.054
0.166

week | Time_week

RT (:iays/
week)
-0.133
0.135
-0.030

Freq

-0.042

-0.185

0.094

Time_years
RT
-0.042
0.132
0.399°
-0.110
-0.478"

-0.365"

Age (years)
-0.206
0.334
0.201

0.514"

-0.031
-0.148

Table V. Correlation between clinical, metabolic, body and resistance training variables in the total sample

Blood glucose (mg/dL)
HDL-c (mg/dL)

TSH (UI/ML)
TG (md/dL)

SBP (mmHg)

DBP (mmHg)

[Nutr Hosp 2023;40(5):975-983]

Pearson’s Correlation. Data shown refer to the correlation coefficient (r). *Values with statistical significance (p < 0.05); **Values with statistical significance (p < 0.01). Time_years RT: time of resistance training in years; Freq_

week RT: weekly frequency of resistance training in days per week; time_week RT: time of resistance training in minutes per week; TSH: thyroid stimulating hormone (tyrotropin); HDL-c: high density cholesterol; TG: triglycerides;
SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; WC: waist circumference; A/G: android/gynoid ratio; VAI: visceral adiposity index; PAL: lipid accumulation product; %BF: percentage of body fat.

In the context of research on metabolic phenotypes, there is
great diversity in relation to the prevalence of MH and MUH pro-
files, mainly due to the lack of standardization of the criteria used.
In this sense, it is noteworthy that this is the first study to use the
Comorbidity Criteria (18) to assess clinical, metabolic and body
characteristics related to the MUH phenotype, in a population of
menopausal women practicing RT.

The choice of this criteria is relevant since lipid, glycemic and
systemic blood pressure changes, in isolation, constitute a pro-
thrombotic and pro-inflammatory state that serve as pathogen-
ic factors for cardiometabolic complications, regardless of BMI
(24). Furthermore, it presents a strong correlation with criteria
widely used for classification of metabolic phenotypes, such as
NCEP-ATPIII, IDF and NHANES (18). Thus, the classification of MH
and MUH profiles, based on cardiometabolic inadequacy, as rec-
ommended in the Comorbidity Criteria, can be an important tool
for establishing strategies to prevent the MUH phenotype, the
transition from the MH to the MUH phenotype, and the mortality
for all causes (25).

In menopausal women, changes in lipid metabolism that can
contribute to the development of atherosclerosis, other heart dis-
eases and metabolic diseases (26) are often identified. In this
phase, changes in the activity of some enzymes, such as lipopro-
tein lipase, hepatic lipase and cholesteryl Ester transfer protein
(CETP) contribute to the development of dyslipidemias (9,27).

In the present study, lipid alterations were represented by se-
rum HDL-c and TG inadequacies, which characterized the MUH
group since there were no cases of systemic arterial hyperten-
sion and type 2 diabetes mellitus. Similarly, Lwow et al. (23) and
Peppa et al. (28) identified lower levels of HDL-c and higher lev-
els of TG in menopausal women who presented the MUH pheno-
type. It is noteworthy that in both studies the practice of physical
activity was not reported.

These findings are relevant since hypoalphalipoproteinemia
and hypertriglyceridemia are lipid alterations that may precede
the development of insulin resistance and type 2 diabetes melli-
tus, besides contributing to a worse cardiometabolic state during
menopause (29). Among the factors associated with this out-
come, we highlight the increase in lipoprotein lipase activity in
the abdominal region, which favors the accumulation of VAT and
the release of pro-inflammatory cytokines; the high rate of TG
lipolysis that contributes to the increase in the flow of free fatty
acids to the liver, promoting an increase in hepatic insulin resis-
tance; and a greater storage of ectopic fat that negatively affects
glucose homeostasis (30,31).

Several studies have shown that cardiometabolic risk factors
are associated with visceral adiposity indices, such as VAI, LAP
and A/G. However, there are still few studies that discuss their
relationship with metabolic phenotypes in menopausal women
(32-34). Our data demonstrated that the VAI and LAP indices are
associated with A/G, as measured by DEXA, and that women with
inadequacy of these components are at greater risk of presenting
the MUH phenotype. Similarly to these findings, Du et al. (34),
in a longitudinal study whose sample consisted of individuals of
both sexes, demonstrated that LAP and VAl are better indicators
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of the MUH phenotype than commonly used parameters, such as
WC and BMI. Lee et al. (35) demonstrated that LAP and VAl are
potent predictors of metabolic syndrome and atherosclerosis in
menopausal women.

It is widely known that excess body adiposity, especially vis-
ceral, stimulates the release of cytokines, such as TNF-a,, IL-1b,
IL-6 and C-reactive protein, in addition to the infiltration of mac-
rophages and insulin-dependent T lymphocytes. As such, it is
important to emphasize that the excess of adiposity observed in
MH subjects can contribute to the transition of this phenotype to
MUH, in addition to promoting the development of comorbidities
still absent in MUH women, such as type 2 diabetes mellitus
and systemic arterial hypertension (36). As a way of preventing
the transition to the MUH phenotype, among the MH group, and
helping to improve the cardiometabolic profile among women at
higher risk, the practice of RT is an effective alternative since, in
addition to contributing to the increase in cardiorespiratory fit-
ness, it promotes significant changes in body composition and
greater release of anti-inflammatory cytokines (36). Although the
association of RT with metabolic phenotypes was not analyzed in
the present study, MH women had a longer time of practice of
RT in years than MUH women, as well as weekly frequency, and
both variables were associated with %BF, which may indicate
that the practice of RT among women considered as MH contrib-
utes positively to cardiometabolic health, even during a critical
phase such as menopause.

The mechanisms related to the practice of RT and metabolic
phenotypes are not completely understood; however, it is verified
that an acute session of this modality stimulates the synthesis
of estrogen since it is associated with the activation of satel-
lite cells, during the tissue repair process of the skeletal muscle.
Once estrogen concentrations are increased, there is a greater
stimulus for protein synthesis, release of anabolic hormones and
production of nitric oxide, with consequent benefits to body com-
position and cardiometabolic health (37).

It is worth noting that body variables correlated with the prac-
tice of RT are closely related to thyroid function, whose main
marker is TSH, due to the presence of receptors for this hormone
in adipocytes. Some authors demonstrate that high levels of TSH
are associated with the development of cardiometabolic com-
plications, since it regulates basal energy expenditure and con-
trols insulin secretion, glucose homeostasis and lipid metabolism
(35,38). Despite this, studies on this topic show contradictory
results, as well as those assessing the relationship between TSH
and MH and MUH phenotypes.

In this metabolic context, the present study is, to date, the
first to assess the relationship between TSH and metabolic phe-
notypes among menopausal women practicing RT. Thus, it was
found that TSH levels were lower in the MUH group when com-
pared to the MH group. Similarly, Amouzegar et al. (39) observed
that MUH individuals of both sexes had lower concentrations of
this hormone than MH ones. On the other hand, Kim et al. (6)
identified higher levels of TSH among MUH subjects, in a re-
search with data from the Korea National Health and Nutrition
Examination Survey, from 2013 to 2015.

A. C. L. Magalhé&es et al.

Serum concentrations of TSH are influenced by several factors,
such as age, body composition, lifestyle, presence of comorbid-
ities and use of medications, which may explain the difference
between the findings of studies on TSH and MH and MUH phe-
notypes (5,38). During the aging process, changes occur in the
biological activity of TSH that alter the operation of the hypothalam-
ic-pituitary-thyroid axis, that, in addition to being regulated by other
hormones, is influenced by feedback mechanisms carried out by
thyroid hormones (40). Thus, it is important to highlight that thyroid
dysfunctions, mainly subclinical and evident hypothyroidism, are
easily found in menopausal women, but these diseases are not
necessarily associated with the end of reproductive life (26,40).

In the present study, it was found that the MUH group had a
higher mean age when compared to the MH one, despite the
lower TSH levels, as mentioned above. In this case, the possibil-
ity of drug-mediated inhibition of TSH secretion or of the action
of the 5" deiodinase enzyme, responsible for the production of
triiodothyronine (T3) from free tyrosine (free T4), cannot be ruled
out (26). With regard to the relationship between age and met-
abolic phenotypes, our findings are in line with a previous study
that demonstrated that this is a predictor of the MUH pheno-
type (18). Therefore, due to the increase in life expectancy of the
world population, strategies that aim to minimize the effects of
aging on cardiometabolic health are necessary.

Despite its findings, this research has some limitations, such
as the small sample size; the cross-sectional model of the study,
which prevents the establishment of causal relationships; and
the non-measurement of free T3 and T4 levels. However, the
strengths of this work are considered to be unprecedented, as,
to date, there are no studies that assess clinical, metabolic and
body characteristics related to the MUH phenotype among RT
practitioners during menopause. In addition, the assessment of
body adiposity by anthropometric indices and the gold standard
method, DEXA, stands out.

CONCLUSION

Age and visceral adiposity are predictors for the MUH phe-
notype in RT practitioners in menopause, which may initially
be characterized by lipid inadequacies. Thus, the evaluation of
HDL-c, TG and body variables such as A/G and %BF in meno-
pausal RT practitioners is recommended, since these parameters
can help in the identification of the MUH phenotype and in the
prevention of future comorbidities. It should also be noted that
further studies on this topic are needed, since there is little infor-
mation available in the scientific literature.
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Abstract

Introduction: the binge eating disorder (BED) is the eating disorder that most affects the obese population, and BED is an aspect that possibly
interferes with the rate of adherence to nutritional treatment, which is also low in individuals with chronic non-communicable disease.

Objective: to examine the relationship between adherence to dietary treatment and BED presence in obese individuals.

Methods: this cohort study was conducted with a sample of 73 obese individuals at a nutrition and metabolic disease outpatient unit. Anthropo-
metric data were collected, and a three-day food record was used for dietary assessment. BED was identified using the Binge Eating Scale, and
patients were divided into two groups (BED and non-BED controls). Patients were reassessed at three-month follow-up. Data were analyzed using
Student’s t-tests and generalized estimating equations with Bonferroni correction. Adherence to dietary treatment was assessed by calculating
differences between recommended and actual energy intakes.

) o Results: BED was identified in 28.7 % of obese individuals. There was no significant difference in adherence to dietary treatment between BED
g:t?r?gybgr?;ﬂgrdﬁggﬁént and control patients. Both groups showed similar eating habits and physical activity levels throughout the study period.

adherence. Transtheoretical ~ Gonclusion: obesity is one of the factors contributing to the lack of adherence to nutritional guidelines. The importance of cognitive methods in
model of behavior change. dietary treatment programs should be further investigated.
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IN OBESE PATIENTS
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Resumen

Introduccion: el trastorno por atracén compulsivo (TA) es el trastorno alimentario que mas afecta a la poblacion obesa, y el TA es un aspecto
que posiblemente interfiere en la tasa de adherencia al tratamiento nutricional, que también es baja en individuos con enfermedades cronicas
no transmisibles.

Objetivo: examinar la relacion entre la adherencia al tratamiento dietético y la presencia de TA en individuos obesos.

Métodos: este estudio de cohorte se realizd con una muestra de 73 personas obesas en una unidad de nutricion y enfermedades metabdlicas
ambulatorias. Se recogieron datos antropométricos y se utilizo un registro alimentario de tres dias para la evaluacion dietética. El trastorno por
atracon compulsivo (BED, por sus siglas en inglés) se identificd usando la Binge Eating Scale, y los pacientes se dividieron en dos grupos (BED y
controles sin BED). Los pacientes fueron reevaluados a los tres meses de seguimiento. Los datos se analizaron utilizando pruebas t de Studenty
ecuaciones de estimacion generalizadas con correccion de Bonferroni. La adherencia al tratamiento dietético se evalud calculando las diferencias
entre la ingesta energética recomendada v la real.

Resultados: se identifico BED en el 28,7 % de los individuos obesos. No hubo diferencias significativas en la adherencia al tratamiento dietético
entre los pacientes con BED y los de control. Ambos grupos mostraron habitos alimentarios y niveles de actividad fisica similares durante todo
el periodo de estudio.

Conclusion: la obesidad es uno de los factores que contribuyen a la falta de adherencia a las pautas nutricionales. La importancia de los métodos

comportamiento.

INTRODUCTION

Recent changes in the nutritional profile of the population, such
as the significant increase in overweight and obesity prevalence,
are a reflection of the nutritional transition occurring over the
past decades (1). Obesity is a chronic non-communicable dis-
ease (NCD) defined as abnormal fat accumulation. It is diagnosed
by measuring body mass index (BMI) and waist circumference,
which are important predictors of cardiovascular disease. Obe-
sity has a multifactorial etiology and is associated with genetic,
environmental, and behavioral factors, hindering management
and control (2).

Of the environmental factors influencing obesity, emotional as-
pects and stress are those most closely related to weight gain.
Stress leads to increased levels of glucocorticoids, which can
contribute to the increase in visceral fat and subsequent devel-
opment of metabolic syndrome components (3). A vicious cycle is
formed: stress enhances glucocorticoid action, leading to weight
gain, which, in turn, contributes to stress. Cortisol levels are also
increased in obese patients, being related to increased caloric
intake (4). Obese individuals are psychologically affected by so-
cial prejudices and stigma, factors associated with morbidity and
mortality, regardless of weight or BMI (5). Some obese individuals
may adopt calorie-restricted or other types of restricted diets (6),
predisposing to binge eating (7).

The binge-eating disorder (BED) is formally recognized in the
Diagnostic and Statistical Manual of Mental Disorders - Fifth
Edition (DSM-5) (7). Binge eating is characterized by recurrent
consumption of food in large quantities, accompanied by a feel-
ing of loss of control and anguish. There are no compensatory
behaviors after binge eating episodes (e.g., induced vomiting,
use of laxatives, or physical exercise), and it is detached from the
goal of weight control (7,8). BED is frequently observed in over-
weight and obese individuals who seek medical treatment, with
a prevalence of more than 20 % in this population (1). The term
adherence is defined as the extent to which patients consent to
the treatment recommended by health professionals and is an
important component for successful weight loss (9). Binge eating
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cognitivos en los programas de tratamiento dietético debe investigarse mas a fondo.

is positively associated with low adherence to dietary treatment
in obese individuals and NCD patients, the opposite of instituting
a diet based on food preferences. There are several factors that
hinder adherence to dietary treatment by this group. Considering
that the adoption of a healthy lifestyle directly influences weight
(10) and that obesity has a negative impact on life expectancy,
it is of paramount importance to identify barriers to treatment
success. Thus, this study aimed to evaluate whether BED may
be an obstacle to diet adherence in obese patients referred for
dietary treatment.

METHODS

This is a cohort study conducted at a nutrition and metabolic
disease outpatient unit of a general hospital in Porto Alegre, in the
south of Brazil, between September 2018 and November 2019.
The sample comprised 73 obese individuals (BMI > 30 kg/m?) (11)
of both sexes aged 18 years and over who agreed to participate in
the study and signed an informed consent form. Patients without
cognitive capacity to answer the questionnaires and those unable
to perform anthropometric measurements, such as amputees,
wheelchair users, and morbidly obese individuals, were excluded
from the study.

Data collection was performed on two occasions, at baseline
and follow-up. At first contact, participants were assessed by the
nutrition team during a standard clinical visit and received an
individualized eating plan and nutritional recommendations for
the treatment of obesity (12). The second data collection took
place three months later.

Anthropometric measurements, sociodemographic and clinical
variables, eating habits, and physical activity level were analyzed.
In the anthropometric assessment, participants were evaluated
for body weight (kg), height (cm), waist circumference (cm), and
neck circumference (cm). Body weight and height data were used
to calculate BMI values. Body weight and height were measured
using a calibrated anthropometric scale coupled to a stadiome-
ter. Waist and neck circumferences were recorded to the nearest
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centimeter using a 150 c¢m inelastic tape. Waist circumference
was measured at the midpoint between the last rib and the iliac
crest, and neck circumference at the midpoint of the neck (13).

Physical activity was assessed using the International Physical
Activity Questionnaire (IPAQ). Participants were categorized as
sedentary, active, or very active (14).

Eating habits were recorded on a three-day food diary
comprising two weekdays and one weekend day. Food intake
data were then analyzed using DietWin® software (Porto Alegre,
Brazil). The total energy intake (kcal) was calculated, and
macronutrient (carbohydrate, protein, and total fat) and saturated
fat intakes were quantified as percentage contributions to the
total energy value. When present in food recalls, the energy
delivered by alcohol was considered. Fiber intake was calculated
in grams and cholesterol intake in milligrams. The amount of
oil used during at-home meal preparation was not recorded on
food diaries. Instead, we adopted a fixed amount of vegetable oil
consumed per person per day. This decision was made taking
into account data from the Brazilian Institute of Geography and
Statistics based on the Brazilian Household Budget Survey
showing that the foods with the lowest variation in consumption
are vegetable oil and fats, which account for 12.7 % of the
total energy intake in Brazil (15). The total quantity of nutrients
consumed during the three-day record period was calculated
and divided by three to obtain mean values. Differences between
recommended and actual energy and nutrient intakes were
used to assess adherence to dietary treatment. The calorie/
day recommendation was around 1,000 to 1,500 kcal/day for
women and 1,200-1,800 kcal/day for men. The distribution of
nutrients was as follows: 20 % to 30 % of fats, 55 % to 60 %
of carbohydrates and 15 % to 20 % of proteins (2).

BED was identified using the Binge-Eating Scale (BES). On the
basis of BES scores, participants were divided into two groups,
BED (BES score > 17) and non-BED controls (BES score < 17)
(16).

The research protocol was approved by the Ethics Committee
of the Hospital Santa Casa de Misericordia, Porto Alegre, Rio
Grande do Sul, Brazil (protocol no. 2,538,206). The study posed
minimal risk to patients, and all procedures were in accordance
with the Helsinki Declaration and national and international
guidelines for research involving human beings.

SAMPLE SIZE CALCULATION AND
STATISTICAL ANALYSIS

Sample size was calculated using WInPEPI for Windows
version 11.43, according to Masheb et al. (17) and Yanovski et
al. (18). Assuming a level of significance of 5 %, power of 80 %,
weight loss of 1.5 kg in the BED group and 3 kg in the control,
and effect size of 0.7 standard deviations between groups, we
found a minimum sample size of 68 patients.

Quantitative variables are reported as mean and standard
deviation. Categorical variables are presented in absolute and
relative frequencies. Differences in categorical variables between
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groups were analyzed using Pearson’s Chi-squared or Fisher’s
exact tests, and differences in age were assessed using Stu-
dent’s t-test. Generalized estimating equation models with Bon-
ferroni correction were used to examine changes in quantitative
parameters over time according to BED presence or absence.
These results are presented as mean and 95 % confidence in-
tervals. McNemar’s test was used to assess changes in physical
activity within groups. Treatment adherence within groups was
analyzed using one-sample Student’s t-tests (difference = Q)
whereas independent Student’s t-tests were used to compare
differences from the recommended values between groups. The
level of significance adopted for all analyses was 5 % (p < 0.05).
Data were entered in an Excel spreadsheet, and analyses were
performed using SPSS software version 25.0.

RESULTS

A total of 73 patients participated in the study, 28.7 % of
which had BED. The mean age was 52.5 = 12.5 years, 74 %
(n = 54) were women, 81 % (n = 56) were from the Porto
Alegre metropolitan area, 68.5 % (n = 50) were white, and 64 %
(n=47) were married or partnered. Regarding level of schooling
and source of income, 34 % (n = 25) had incomplete primary
education and 44 % (n = 32) received retirement or disability in-
come. Table | describes the sociodemographic profile of BED and
control patients. It was observed that 37 % (n = 20) of women
had the disorder. Of all individuals with BED, 95 % were women
(p=0.019).

No significant differences in comorbidity prevalence were
observed between groups. We assessed the presence of type
1 diabetes mellitus (p = 0.318), type 2 diabetes mellitus (p =
1.000), systemic arterial hypertension (p = 0.153), dyslipidemia
(p = 0.404), increased triglycerides (p = 0.142), cardiovascular
diseases (p = 0.494), and other endocrine diseases (p = 0.713).

Of patients without BED, 30.8 % reported having a restric-
tive diet without professional advice and 48.1 % reported having
consulted with nutritionists. About that, in the BED group, 69.2 %
reported having a restrictive diet without professional advice and
51.9 % reported having consulted with nutritionists. Adoption of
restrictive diets was significant in the BED group (p = 0.028).

Table Il describes the dietary habits of obese individuals with
and without BED at baseline and follow-up. There were signif-
icant differences in fatty meat (p = 0.035) and chicken skin
(p = 0.006) consumption between groups, with higher levels in
the BED group. Fish consumption was also more frequent among
BED individuals. This behavior was observed both at baseline
and follow-up. Fried food consumption decreased significantly in
the BED group at follow-up. Most participants (60.3 %) reported
never having smoked (p = 0.485). No differences in changes
in physical activity were observed between groups (p = 0.951).

Table Il shows the anthropometric measurements of BED and
control groups at baseline and follow-up. Body weight, BMI,
and waist circumference were numerically higher in the BED
group at both times. Anthropometric measurements were nu-
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merically lower at follow-up, but differences were not signif-
icant.

Table IV shows the differences between nutritional recommen-
dations and effective consumption, as estimated by food records.
Adherence was measured by differences between recommended

and actual intakes and compared between groups. In the control
group, there was a lower intake of total energy, carbohydrates, fiber,
and cholesterol but a higher intake of protein, total fat, and saturat-
ed fat at follow-up. In the BED group, similar reductions were ob-
served at follow-up, except for total energy and cholesterol intake.

Table I. Sociodemographic characteristics of study participants according
to the presence of binge-eating disorder (BED). Porto Alegre, Rio Grande do Sul, Brazil, 2019

Variable Control (n = 52) BED (n = 21) p-value
Age (years) 54.25+13.10 50.86 + 11.94 0.352
Sex (%)
Male 18 (34.6 %) 1(4.8%) 0.019
Female 34 (65.4 %) 20 (95.2 %)
Ethnic group (%)
White 35 (67.3 %) 15 (71.4 %) 0543
Brown 10 (19.2 %) 5(23.8 %)
Black 7 (13.5 %) 1 (4.8 %)
Marital status (%)
Single 8 (15.4 %) 6 (28.6 %) 0.304
Married/civil partnered 37 (711.2 %) 10 (47.6 %)
Separated/divorced/widowed 7 (13.5 %) 5(23.8 %)
Level of education (%)
Incomplete Primary 20 (38.5 %) 5(23.8 %)
Complete Primary 11 (21.2 %) 5 (23.8 %) 0.265
Complete Secondary 14 (26.9 %) 10 (47.6 %)
Complete tertiary 7 (13.5 %) 1(4.8 %)
Occupational status (%) (n = 15)
Formal employment 13(25.0 %) 10 (47.6 %) 0.008
Retired/financial aid recipient 26 (50.0 %) 6 (28.6 %)
Unemployed 13(25.0 %) 5(23.8 %)

Quantitative data are presented as mean and standard deviation and qualitative data as absolute and relative frequencies. Differences between groups were assessed
by Student’s t-test for quantitative data and by the Chi-squared test for qualitative data, both atp < 0.05.

Table Il. Alcohol consumption and dietary habits of obese individuals at baseline
and 3-month follow-up, stratified by presence of binge-eating disorder (BED).
Porto Alegre, Rio Grande do Sul, Brazil, 2019

[Nutr Hosp 2023;40(5):984-992]

Variable :’:,o:tsrg)l p-value* (nB=E|1)6) p-valuef p-value*

Alcohol consumption 0.706 0.625
Baseline

1-3 times a week 3 (6 %) 0(0.0%) 0527

Occasionally 10 (20.0 %) 4(25.0 %)

Never 37 (74.0 %) 12 (75.0 %)
Follow-up

1-3 times a week 2 (4.0 %) 0(0.0 %) 0.411

Occasionally 12 (24.0 %) 2 (12.5 %)

Never 36 (72.0 %) 14 (87.5 %)

(Continues on next page)
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Table Il (Cont.). Alcohol consumption and dietary habits of obese individuals at baseline
and 3-month follow-up, stratified by presence of binge-eating disorder (BED).
Porto Alegre, Rio Grande do Sul, Brazil, 2019

Variable g'o:t;g)l p-value* (nB=EI1)6) p-valuet p-value*
Fruit consumption 0.559 0.644
Baseline
Seldom/never 6 (12.0 %) 2 (12.5 %) 0.641
3-6 times a week 14 (28.0 %) 7 (43.8 %)
Every day 30 (60.0 %) 7 (43.8 %)
Follow-up
Seldom/never 7 (14.0 %) 2 (12.5 %) 0.965
3-6 times a week 14 (28.0 %) 5(31.3 %)
Every day 29 (58.0 %) 9 (56.3 %)
Vegetable consumption 0.644 0.261
Baseline
Seldom/never 5(10.0 %) 3(18.8 %) 0,561
3-6 times a week 13 (26.0 %) 4(25.0 %)
Every day 32 (64.0 %) 9 (56.3 %)
Follow-up
Seldom/never 6 (12.0 %) 2 (12.5 %) 0.966
3-6 times a week 15 (30.0 %) 2(12.5 %)
Every day 29 (58.0 %) 12 (75.0 %)
Whole milk consumption 0.733 0172
Baseline
Seldom/never 33 (63.5 %) 12 (60.0 %) 0.864
3-6 times a week 4.(7.7 %) 1(5.0 %)
Every day 15 (28.8 %) 7 (35.0 %)
Follow-up
Seldom/never 36 (69.2 %) 15 (75.0 %) 0736
3-6 times a week 4.(7.7 %) 2(10.0 %)
Every day 12 (23.1 %) 3(15.0 %)
Margarine consumption 0.584 0.261
Baseline
Seldom/never 23 (46.9 %) 9 (56.3 %) 0772
3-6 times a week 7(14.3 %) 1(6.3 %)
Every day 19 (38.8 %) 6 (37.5 %)
Follow-up
Seldom/never 27 (55.1 %) 12 (75.0 %) 0316
3-6 times a week 4(8.2 %) 1(6.3 %)
Every day 18 (36.7 %) 3(18.8 %)
Sausage consumption 0.721 0.368
Baseline
Seldom/never 36 (73.5 %) 9 (56.3 %) 0352
3-6 times a week 10 (20.4 %) 5(31.3 %)
Every day 3(6.1%) 2(12.5 %)
(Continues on next page)
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Table Il (Cont.). Alcohol consumption and dietary habits of obese individuals at baseline
and 3-month follow-up, stratified by presence of binge-eating disorder (BED).
Porto Alegre, Rio Grande do Sul, Brazil, 2019

Variable ;:'o:tsrg)l p-value* (anl_')e) p-valuef p-value*
Follow-up 0.782
Seldom/never 39 (79.6 %) 12 (75.0 %)
3-6 times a week 6 (12.2 %) 3(18.8 %)
Every day 4 (8.2 %) 1(6.3 %)
Fried food consumption 0.028 0.228
Baseline
Never 19 (37.3 %) 8 (40.0 %)
Once a week 18 (35.3 %) 6 (30.0 %) 0.649
At least twice a week 14(27.5 %) 6 (30.0 %)
Follow-up
Never 30 (58.8 %) 13 (65.0 %) 0831
Once a week 13 (25.5 %) 5(25.0 %)
At least twice a week 8 (15.7 %) 2 (10.0 %)
Fish consumption 0.424 0.250
Baseline
No 15 (30.0 %) 11 (68.8 %) 0.023
Yes 35 (70.0 %) 5(31.3 %)
Follow-up
No 11 (22.0 %) 8 (50 %) 0.031
Yes 39 (78.0 %) 8 (50 %)

Qualitative data are presented as absolute and relative frequencies. Baseline and follow-up results were compared by McNemar's test. Differences between BED and
control individuals were assessed by the Chi-squared test. The level of significance was set atp < 0.05. *Comparison between baseline and follow-up results of the
control group. *Comparison between baseline and follow-up results of the BED group. *Comparison between BED and control groups.

Table Ill. Anthropometric measurements of obese individuals at baseline and 3-month
follow-up, stratified by presence of binge-eating disorder (BED). Porto Alegre, Rio Grande
do Sul, Brazil, 2019

Control (n = 50) BED (n = 16)
Variable p-value* p-valuet | p-value*
Baseline| SD | Follow-up | SD Presentation | SD | Follow-up | SD
Body weight (kg) 956 | 135 95.4 13.0| 0.569 97.4 16.0 96.1 16.6| 0.074 0.218
BMI (kg/m?) 36.2 4.7 36.1 4.4 0.681 39.6 7.2 39.0 7.7 0.056 0.144
WC (cm) 111.7 1103 112.4 10.1 0.287 113.2 11.5 113.8 124 0.442 0.913
NC (cm) 41.0 3.4 40.7 3.3 0.205 39.6 3.4 39.0 2.1 0.407 0.508

BMI: body mass index; WC: waist circumference; NC: neck circumference. Values are presented as mean and standard deviation (SD). Differences between baseline
and follow-up results were analyzed using generalized estimating equation models with Bonferroni correction. *Comparison between baseline and follow-up results of
the control group. *Comparison between baseline and follow-up results of the BED group. *Comparison between BED and control groups.
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Table IV. Differences between recommended and actual intake of macronutrients, fibers,
cholesterol, and saturated fat in obese individuals, stratified by presence of binge-eating
disorder (BED). Porto Alegre, Rio Grande do Sul, Brazil, 2019

Variable gf:t;;’)' SD | p-value* (an?4) SD | p-valuet | p-valuet
Total energy value (kcal 311.37 429.1 0.000 0814 426.4 0.051 0.832
Carbohydrates (%) 1174 6.0 0.000 137 7.2 0.000 0.318
Protein (%) 14,94 31 0.000 1436 44 0.003 0.504
Fat (%) +6.91 44 0.000 19,67 5.3 0.000 0.057
Fiber (g) 8.9 5.7 0.000 715 85 0.008 0.378
Cholesterol (mg) 5413 1041 0.001 5487 1367 0.157 0.983
Saturated fat (%) 13.40 42 0.000 15.12 5.00 0.002 0.206

Adherence to dietary treatment was assessed within and between groups by one-sample and independent Student’s t-tests, respectively. *Comparison between
baseline and follow-up results of the control group. Comparison between baseline and follow-up results of the BED group. *Comparison between BED and control

groups.

DISCUSSION

We observed no differences in adherence to dietary treatment,
energy intake, or changes in anthropometric measurements be-
tween obese patients with and without BED. The prevalence of
BED observed here was similar to that reported in previous stud-
ies (1,19), in which 24-30 % of overweight/obese patients seeking
treatment for weight loss had BED. Kessler et al. (26) observed an
even higher prevalence among grade | obese individuals. Most par-
ticipants of the current study (BED and control groups) were classi-
fied as having grade Il obesity, and our results differed from those of
the previously mentioned study (20). Because BED and obesity are
public health problems, it is suggested to include questions related
to eating problems in medical records to increase the access of
individuals with BED to adequate treatment (20-22).

The odds ratio of BED in women is up to three times greater
than that in men (23), in agreement with our results. These find-
ings can be attributed to the fact that men are less likely to seek
health care (24) because of individual and social issues (25).

Given that this study took place in a nutrition outpatient unit,
the vast majority of participants had at least one comorbidity as-
sociated with obesity. Therefore, it was not possible to identify
significant differences in the presence of metabolic syndrome
components between BED and non-BED individuals. Such results
indicate that obesity alone greatly affects quality of life, being a
risk factor for metabolic comorbidities, regardless of binge eating
(19). Leone et al. (26) argued that the development of metabolic
syndrome and its components in patients with BED is due to
obesity and inadequate lifestyle.

Effective total energy intake was lower than the recommended
in both groups, although a significant difference was only ob-
served in the control group, attributed to the adoption of restrict-
ed diets. Overall, two- and one-third of individuals with and with-
out BED, respectively, reported having adopted calorie-restricted
diets in the past. There were no significant differences in calorie
restriction between groups, as also observed in a study by Ricca

(19). Biagio et al. found that 71 % of a group of obese individu-
als had already performed this restriction prior to outpatient care
(27). We must take into account the possibility of underreporting
of food intake, a behavior that is closely associated with obesity
and dietary restriction. Underreporting energy intake may lead
to the underreporting of macronutrient intake, as previously ob-
served for carbohydrate consumption (28).

In line with the results of the current study, Raymond et al.
(29) did not observe differences in total energy intake between
obese women with and without BED. The authors also found an
increase in fat intake on days when binge eating episodes oc-
curred. Although we did not evaluate the occurrence of binge
episodes in BED individuals, we found that this group had higher
fat intake. Another study observed an increase in the consump-
tion of this macronutrient with emotional eating (27).

Few studies have investigated the relationship between eating
habits and BED. Wilson et al. (30) observed that women with BED
have a higher BMI and tend to consume more fat and fewer fruits
and vegetables. In the present study, although the BED group had
a numerically higher fat intake, no significant differences were
observed in the consumption of fatty foods between groups at
either time of data collection. Similarly, fruit and vegetable con-
sumption did not differ between groups. Therefore, it was not
possible to identify a specific relationship between food intake
and the presence of BED.

Eating disorders are positively correlated with other psychiatric
disorders, such as alcohol use. BED may increase the possibil-
ity of alcohol consumption by 2.2 % (21). It is suggested that
the same mechanism that predisposes to high food consump-
tion, driven by compulsion, relief, compensation, and emotional
numbness, may promote excessive alcohol consumption (31).
However, no significant difference in alcohol consumption was
observed between groups. This may be due to the fact that the
analyzed patients are part of a multidisciplinary support network
that constantly recommends reducing alcohol consumption, giv-
en that weight is a risk factor for cardiovascular diseases (32).
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Considering that the presence of BED did not significantly af-
fect adherence to dietary treatment and that, even with the low-
er-than-targeted intake of energy and carbohydrates, there were
no major changes in anthropometric patterns, it is unclear why
this group of patients did not adhere to the diet, as evidenced by
the low intake of fiber and high intake of total and saturated fats,
and what can be done to change this outcome.

Eating behavior is influenced by various aspects, and there is a
fusion of social, cognitive, and emotional factors. Low food qual-
ity, urbanization, greater inclusion of women in the labor market,
economy, and globalization are some of the factors that favor
obesity development (33). Chea and Mobley (34) highlighted the
impact of low income on dietary patterns; low-income individuals
were shown to have difficulty in correctly identifying whole foods,
which interferes with their food choices. However, little has been
said about other eating behavior determinants, such as motiva-
tion, whether internal or external. It is necessary to recognize the
need to change eating habits to improve one’s health, and, often,
only internal motivation makes this possible (8,35).

The transtheoretical model of behavior change may assist
health professionals in providing nutritional guidance and iden-
tifying the patient’s stage of change at presentation (36). The
model contributes to nutritional education planning, leading indi-
viduals to lasting improvements (7). Its use has led to a decrease
in high-sugar and high-fat food consumption, weight loss, and
improved body perception (37).

The motivational interview is a method focused on the patient
and aimed to expand internal motivation for change. The patient
does not just follow guidelines, but walks with the health pro-
fessional towards change. Health professionals, together with
patients, need to define goals and devise strategies. The profes-
sional must listen, be understanding, and not act prescriptively. In
this case, low adherence is not seen as a result of the individual's
reluctance but as a behavior to be improved (38). Selguk-Tosun
et al. (39), in a randomized clinical study, observed that indi-
viduals participating in a motivational interview intervention had
better outcomes in relation to self-efficacy and metabolic control.
The intervention also increased the number of individuals at the
maintenance stage of change toward healthy eating.

Thus, identifying the stage of change at which patients find
themselves and defining the best intervention method for each
case by taking into account the whole context could promote pa-
tient adherence to dietary treatment, given that interventions that
only focus on nutritional changes have proven ineffective (19).
Another suggestion is to promote collective treatment and group
meetings, strategies that were found to improve adherence in the
study of Inelmen et al. (40).

STRENGTH AND LIMITS

The strength of our work is in the emphasis that obesity is a
multifactorial disease and must be treated in this way. For the
nutritional recommendation to be successful, we must use other
approaches that are decisive in eating behavior. A limitation of
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this study was the small sample size. Furthermore, food records
are subject to underestimation of portion size, a pattern known as
the flat-slope syndrome, associated with difficulties in correctly
estimating food portions.

WHAT IS ALREADY KNOWN
ON THIS SUBJECT?

It was known that binge eating favors low adherence to nutri-
tional guidelines. Considering obesity as a worldwide epidemic,
we would like to know if BED itself was an obstacle to diet adher-
ence within this group.

WHAT YOUR STUDY ADDS?

As a result of this study, we observed that, although BED
is, in isolation, a barrier to nutritional adherence, obesity itself
also contributes negatively to adherence to dietary treatment,
requiring more than a prescriptive treatment in the treatment of
obese individuals. We suggest that health professionals work-
ing in the obesity scenario apply tools such as the Transtheoret-
ical Model of Behavior Change and the motivational interview,
in order to positively assist in the adherence to nutritional in-
terventions.

CONCLUSION

[t was not possible to observe a relationship between BED and
adherence to dietary treatment. Obese individuals with BED did
not have a higher presence of metabolic comorbidities or specific
eating patterns compared with obese individuals without BED.
Thus, we found that obesity is a contributing factor to the diffi-
culty of adhering to dietary recommendations. More studies are
needed to confirm the importance of applying cognitive methods
to this patient group to improve the effectiveness of dietary treat-
ment.
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Effect of 23 % low-sodium salt applied to Chinese modified DASH diet
on cerebrovascular function in patients with hypertension and type 2 diabetes:

a pilot study
Efecto de la sal con un 23 % de sodio aplicada a la dieta china DASH modificada sobre la funcion
cerebrovascular en pacientes con hipertension y diabetes tipo 2: un estudio piloto

Yi Wu', Jie Tang', Dan Chen', Yujia Zou', Pingping Yu?, Huini Xu®, Shuwen Cai', Yanni Ren', Ying Mei?, Lihong Mu'
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Abstract

Aim: to investigate the effects of low sodium formula salt combined with the Chinese Modified Dietary Approaches to Stop Hypertension (DASH)
diet on cerebrovascular function in patients with hypertension and type 2 diabetes.

Methods: an eight-week single-arm trial was conducted in 66 patients with hypertension and type 2 diabetes to investigate effects of low sodium
formula salt (potassium chloride 56 %, sodium chloride 23 %, 5 g/day) combined with Chinese Modified DASH diet on cerebrovascular function
(measured by transcranial Doppler sonography), indicators of chronic diseases (blood pressure, blood glucose and blood lipids) and urinary
excretion. The above indicators were performed before and after intervention.

Results: fifty-nine subjects completed the study. Peak systolic velocity, mean flow velocity, end-diastolic velocity, pulsatility index and resistance

Keywords: index of internal cerebral artery and vertebral artery decreased significantly (p < 0.05); pulsatility index and resistance index of anterior cerebral
artery and middle cerebral artery decreased significantly (p < 0.05); and end-diastolic velocity and pulsatility index of basilar artery decreased
Hypertension. Type 2 significantly (p < 0.05). Systolic blood pressure, diastolic blood pressure, fasting blood glucose and postprandial blood glucose decreased
gi‘rt’e?f;\;agﬁa';r‘i'ﬁc tion significantly (p < 0.001; p< 0.001; p < 0.001; p < 0.001). Blood pressure and blood glucose control rates increased significantly (p < 0.001).
Transcranial Doppler Conclusions: based on the study, 23 % low-sodium formula combined with CM-DASH diet pattern can improve cerebrovascular function in
ultrasound. community patients with hypertension complicated with diabetes and has a good short-term benefit of blood pressure and glucose control.
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Resumen

Objetivo: investigar los efectos de una sal baja en sodio combinada con la version china de la dieta DASH (del inglés Dietary Approaches to Stop
Hypertension) modificada en la funcion cerebrovascular en pacientes con hipertension y diabetes tipo 2.

Métodos: en 66 pacientes con hipertension y diabetes tipo 2 se llevé a cabo un ensayo de ocho semanas para investigar los efectos de la sal
baja en sodio (cloruro de potasio 56 %, cloruro de sodio 23 %, 5 g/dia) combinada con la dieta DASH en su version china modificada en la funcién
cerebrovascular (medido por sonografia Doppler transcraneal), los indicadores de enfermedades cronicas (presion arterial, glucosa sanguinea y
lipidos sanguineos) y la excrecion urinaria. Los indicadores anteriores se midieron antes y después de la intervencion.

Resultados: cincuenta y nueve sujetos completaron el estudio. La velocidad sistdlica méaxima, la velocidad media del flujo, la velocidad dias-
tdlica final, el indice de pulsatilidad y el indice de resistencia de la arteria cerebral anterior y la arteria vertebral disminuyeron significativamente
(p< 0,05); el indice de pulsatilidad y el indice de resistencia de la arteria cerebral anterior y la arteria media disminuyeron significativamente (o < 0,05);
y la velocidad diastolica final y el indice de pulsatilidad de la arteria basilar disminuyeron significativamente (p < 0,05). La presion arterial sistémica, la
presion arterial diastolica, la glucosa arterial en ayuno y la glucemia posprandial disminuyeron significativamente (p < 0,001, p < 0,001, p < 0,001,
p<0,001). La presion arterial y las tasas de control de glucosa en sangre aumentaron significativamente (p < 0,001).

Conclusiones: la formula de sal con un 23 % de sodio combinada con la dieta DASH en su version china modificada puede mejorar la funcion
cerebrovascular en pacientes comunitarios con hipertension complicada por la diabetes y es beneficiosa a corto plazo para la presion arterial

Doppler transcraneal. y el control de la glucosa.
INTRODUCTION METHODS
Hypertension and diabetes, as common chronic diseases PARTICIPANTS

worldwide, are considered to be the main risk factors for car-
diovascular and cerebrovascular diseases (1). According to the
Report on Cardiovascular Health and Diseases in China 2019,
the number of hypertensive patients in China has reached
245 million, and continues to increase rapidly (2). In recent
30 vears, the prevalence of diabetes in China has soared from
0.67 % in 1980 to 11.2 % in 2017 (3). Due to the same risk
factors, hypertension and diabetes often occur together. Both
diabetes and hypertension are considered as major health prob-
lems that negatively impact the cerebral function (4-6). Current-
ly, transcranial Doppler sonography (TCD) becomes a common
method to evaluate the risk of cerebral arteriosclerosis and cere-
brovascular diseases, and plays a key role in the effectiveness
evaluation of atherosclerosis prevention and treatment trials.
Effective prevention and control of hypertension and diabetes
is the focus of current research, among which diet plays an im-
portant role in the control of hypertension and diabetes. As early
as 1997, a large hypertension prevention program in the United
States (Dietary Approaches to Stop Hypertension [DASH]) made
DASH diets specially designed for hypertension patients (7). Then
numerous subsequent studies have found the DASH diet has a
good control effect on blood pressure (8,9) and blood glucose
(10). Besides, low-sodium salt was used to improve high blood
pressure and reduce cardiovascular risk. Wu Yangfeng provided
low-sodium salt containing 75 % sodium chloride free of charge
to more than 20,000 hypertensive patients for five years, and the
results showed that stroke, major adverse cardiovascular events
and all-cause mortality were significantly reduced, suggesting
low sodium salt has long-term safety and efficacy (11). Based on
the DASH dietary principles, we formulated the Chinese Modified
Dietary Approaches to Stop Hypertension (CM-DASH) diet ac-
cording to the dietary habits of Chinese residents, and combined
CM-DASH and low-sodium salt to explore the short-term effects
of this dietary pattern on cerebrovascular function in patients
with hypertension complicated with type 2 diabetes and the
short-term control effect on blood pressure and blood glucose.

Participants were recruited by using the following eligibility cri-
teria: @) age > 50 and < 75 years old; b) residence near the hos-
pital, no withdrawal or plan to go out during October to December
2021, possibility of regular follow-up; ¢) hypertensive patients
with type 2 diabetes (the diagnostic criteria for hypertension are
based on the Chinese Guidelines for the Prevention and Treatment
of Hypertension, 2018 revised edition [12] and the diagnostic cri-
teria for diabetes are based on the Chinese Guidelines for the
Prevention and Treatment of Type 2 Diabetes, 2017 edition [13])
who currently regularly take antihypertensive drugs/hypoglycemia
drugs; d) to strictly abide by the recipes and salt provided during
the trial; and e) all the subjects and their family members living
together signed the informed consent. The exclusion criteria were:
a) patients with malignant tumor, acute myocardial infarction,
stroke within three months or other serious diseases, and expect-
ed survival time less than one year; b) increased cortisol disorder
or aldosteronism; ¢) acute diseases such as upper respiratory
tract infection, fever, severe diarrhea; d) deaf-mute, dementia, and
serious depression or other mental disorders which prevent from
communicating normally; €) inconvenient movement and inability
to be followed up on time; f) renal dysfunction or chronic kidney
disease at stage 4 or above; g) abnormal liver function, with ala-
nine aminotransferase (ALT) or aspartate aminotransferase (AST)
levels greater than two times the upper limit of normal, or total
bilirubin level greater than the upper limit of normal; h) abnormal
blood potassium < 3.5 mmol/l or > 5.5 mmol/l, or current use of
potassium-preserving diuretics; i) women who are pregnant or
may become pregnant or other contraindications for the use of
the trial meals; j) attending to participate in other clinical studies
or current consumption of low-sodium diet; and k) other ineligi-
ble conditions as adjudicated by investigators. Early withdrawal
criteria were: a) the subjects themselves or their family members
request to withdraw from the study; and b) adverse reactions oc-
curred in the subjects themselves, which may be related to the
test as judged by the researcher.

[Nutr Hosp 2023;40(5):993-999)]
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STUDY DESIGN

This eight-week single-arm trial was undertaken at the Health
Management Center of the Second People’s Hospital affiliated
to Chongging Medical University. The study protocol was ap-
proved by the Ethics Committee of Chongaing Medical University
(2021080). Trial registration: Chinese clinical trial registry (ChiC-
TR2000029017), http://www.chictr.org.cn/.

From June to September 2021, 66 patients with hypertension
complicated with type 2 diabetes were selected from the Health
Management Center of the Second People’s Hospital affiliated to
Chongging Medical University. Patients and their families signed
informed consent forms. In the coming eight-week period, pa-
tients were asked to eat 5 g/day low-sodium salt (developed by
Chongaing Shanshun Biological Technology Co., Ltd.; name: sodi-
um limit standard salty flavin; executive standard: Q/SWS0025S;
food production license number: SC10650012000709; main
ingredients: potassium chloride [56 %] and sodium chloride
[23 %)]) plus CM-DASH diet. The CM-DASH diet is based on the
dietary energy estimation table of DASH, combined with the Chi-
nese Residents’ Balanced Diet Pagoda (2019), dietary habits and
food availability of Chinese residents, including 4-5 servings of
fruits and vegetables a day, 2-3 servings of low-fat dairy prod-
ucts, 6-8 servings of whole grains, fewer than six servings of
meat, poultry and fish a day, eating nuts 4-5 times a week, and
choosing foods that are low in saturated fat, potassium, fiber and
sodium. The subjects were asked not to change their lifestyle or
medication habits.

STUDY PROCEDURES AND OUTCOME
MEASURES

Volunteers were invited to the Health Management Center for
a baseline survey to determine eligibility. If eligible and willing to
participate, height, weight, waist circumference and hip circum-
ference were measured and used to calculate body mass index
(BMI) and waist-to-hip ratio.

CEREBROVASCULAR FUNCTION

Cerebrovascular function was measured with transcranial Dop-
pler sonography (TCD) with Lipon TDD-IIX2P TCD detector (fre-
quency of 2-8 mhz) before and after the intervention. TCD exam-
ination method referred to the Standard Guidelines for Operation
and Diagnosis of Transcranial Doppler Ultrasound (2008) (14):

1. Comparing the blood flow rates of each artery of the sub-
jects before and after the intervention, including anterior
cerebral artery (ACA), middle cerebral artery (MCA), internal
cerebral artery (ICA), vertebral artery (VA) and basilar artery
(BA). Peak systolic velocity (VP), mean flow velocity (VM)
and end-diastolic velocity (VD).

2. The above arterial pulsatility index (Pl) and vascular resistan-
ce index (RI) were compared before and after intervention.

[Nutr Hosp 2023;40(5):993-999]

CLINIC INDICATORS OF CHRONIC DISEASES

Blood pressure, blood glucose and blood lipids were measured

before and after the intervention:

1. Before blood pressure measurement, subjects were requi-
red to sit still for 30 minutes. Systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were measured for
three times using the medical upper arm electronic blood
pressure instrument (Omron HEM-7130) at an interval of
three minutes. The average value of the last two times was
taken as the measurement value. Blood pressure control
target refers to the National Primary Hypertension Preven-
tion and Treatment Management Guidelines (2020 edition)
(15) (SBP < 130 mmHg and DBP < 80 mmHg).

2. Fasting blood glucose (FBG) and postprandial blood glu-
cose (PBG) were measured using a medical blood glucose
monitor (Dale C, GM505RAB). Blood glucose control target
refer to the Guidelines for the Prevention and Treatment of
Type 2 Diabetes Mellitus in China (2020 edition) (3) (FBG <
7.0 mmol/l and PBG < 10.0 mmol/l).

3. Fasting venous blood samples were collected before and
after the intervention from all enrolled participates to as-
sess lipid profile including triglycerides (TG), total choles-
terol (TC), high-density lipoprotein (HDL-C) and low-density
lipoprotein (LDL-C). Blood lipids control target refers to the
Guidelines for Primary Care of Dyslipidemias (2019) (16)
(TC < 5.2 mmol/l; LDL-C < 3.4 mmol/l; HDL-C > 1 mmol/I
and TG < 1.7 mmol/l).

URINARY EXCRETION

Twenty-four-hour urinary excretion was measured before and
after the intervention. The subjects were asked to maintain their
current diet and collect urine for 24 hours under the direction of
the researchers. After the collection was completed, the researchers
recorded urine volume and took samples for sodium and potassium
urine tests and calculated the ratio of sodium to potassium.

STATISTICAL ANALYSIS

SPSS24.0 statistical software was used for statistical analysis.
The count data were expressed by N (percentage %) and tested
with Wilcoxon signed-rank test. The measurement data of nor-
mal distribution were expressed by mean + standard deviation
(X + SD) and tested with paired t-test. Non-normal data were
expressed by median (first quartile, third quartile) and tested with
Wilcoxon signed-rank test. a = 0.05.

RESULTS
PARTICIPANTS

Participants’ baseline characteristics are shown in table I. They
were all patients with hypertension and type 2 diabetes, with a
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mean age of 66 years, a mean course of hypertension of ten
years and a mean duration of diabetes of ten years. Fifty-nine
subjects (29 males and 30 females) completed the eight-week
dietary intervention. Seven participants withdrew prior to the last
measurement. There were no serious adverse events to report.

CEREBROVASCULAR FUNCTION

Compared with baseling, Pl and RI of ACA decreased signifi-
cantly (-0.08 = 0.22, p = 0.005; -0.04 + 0.09, p = 0.004);
Pl and Rl of MCA decreased significantly (-0.10 + 0.27,
p = 0.006; -0.04 + 0.11, p = 0.004); VP, VM, VD of ICA in-
creased significantly (4.00 = 8.98, p = 0.001; 4.64 = 7.04,
p<0.001; 4.94 = 7.6, p < 0.001), Pl and Rl of ICA decreased
significantly (-0.11 + 0.25, p=0.001; -0.04 + 0.10, p= 0.001);
VP, VM and VD of VA increased significantly (3.83 = 12.07,
p=0.019; 4.68 + 8.46, p < 0.001; 4.96 + 8.00, p < 0.001),
Pland Rl of VA decreased significantly (-0.17 + 0.30, p< 0.001;
-0.06 + 0.11, p< 0.001); VD of BA increased significantly (2.52
+7.32, p=0.011) and P! of BA decreased significantly (-0.08 +
0.27, p=0.029) (Table II).

CLINIC BLOOD PRESSURE, GLUCOSE
AND LIPIDS

Compared with baseline, SBP, DBP, FBG and PBG decreased
respectively (-16.36 + 16.44, p < 0.001; -7.19 + 8.32,
p < 0.001; -1.60 [-2.80, -0.50], p < 0.001; -2.90 [-5.30,
-1.00], p < 0.001), while HDL-C increased significantly (0.03
+ 0.11, p = 0.032). Blood pressure and blood glucose control
increased significantly after intervention (p < 0.001) (Table Ill).

24H-URINARY EXCRETION

Compared with baseline, urinary sodium and sodium/potas-
sium ratio decreased significantly (-22.40 + 76.16, p = 0.028;

Y. Wu et al.

-1.27 = 1.37, p < 0.001) while urinary potassium increased
significantly (10.41 + 30.49, p = 0.011) (Table V).

Table l. Baseline characteristics

of patients

Variables
Age (years) 66.00 (61.00, 70.00)
Male, no. (%) 33 (50 %)
Exercise, no. (%) 60 (90.9 %)

Education
Primary school 5(7.6 %)
Junior high school 19 (28.8 %)
High school/Technical Secondary School 17 (25.8 %)
Undergraduate/Junior College 25 (37.9 %)

Income

< 30,000 yuan 4 (6 %)
30,000~50,000 yuan 18 (27.3 %)
> 50,000 yuan 44 (66.7 %)
Smoking, no. (%) 6 (9.1 %)
Drinking, no. (%) 11 (16.7 %)

Duration of diabetes (years)

10.00 (3.00, 18.00)

Duration of hypertension (years)

10.00 (3.00, 17.25)

Height 161.04 + 8.47
Weight 65.44 +10.85
BMI 24.55 (23.30, 27.10)
Waist circumference 86.52 + 9.64
Hip circumference 94.50 (92.00, 99.00)
WHR 0.91 +£0.06

BM: body mass index; WHR: waist hip rate. Values are expressed as mean +
SD, median (first quartile, third quartile) or number, frequency (%).

Table Il. Effect in transcranial Doppler sonography tests*

Baseline Final Changes T p-valuef
ACA
VP 62.70 = 11.53 60.31 = 13.35 -2.39 +12.83 1.419 0.161
VM 39.37 £ 7.03 39.93 +7.86 0.56 +7.90 0.540 0.591
VD 27.72 +5.88 29.31+7.08 1.59 +7.38 1.643 0.106
Pl 0.89+0.18 0.81£0.19 -0.08 £0.22 2.923 0.005*
RI 0.56 +0.07 0.52 £0.08 -0.04 £0.09 2.978 0.004*
(Continues on next page)
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Baseline Final Changes T p-value’
MCA
VP 69.34 +11.75 68.46 + 12.34 -0.88 £ 14.87 0.452 0.653
VM 43.31 +8.48 44.66 + 8.73 1.34 +11.58 0.885 0.380
VD 30.27 +7.65 32.73+8.30 2.46 + 11.16 1.682 0.098
Pl 092+0.18 0.82+0.22 -0.10 £ 0.27 2.855 0.006*
RI 0.56 = 0.07 0.52 £0.09 -0.04 £0.11 2.961 0.004¢
ICA
VP 57.29 + 8.86 61.29 + 9.21 4,00 +8.98 3.391 0.001%
M 35.41 + 5.54 40.06 + 7.14 4,64 7,04 5.019 < 0.001%
D 24,49 +4.90 29.43 +7.28 494 +763 4931 < 0.001%
Pl 0.93+0.18 0.81+0.22 -0.11£0.25 3.452 0.001#
RI 0.57 +0.07 0.52 £0.09 -0.04 £0.10 3.482 0.001#
VA
VP 44.35 £ 10.50 48.18 £ 12.41 3.83+12.07 2.419 0.019¢
M 2710 £ 6.42 31.79+8.75 4,68 +8.46 4.217 < 0.001%
VD 18.64 +5.20 23.60 + 7.54 4,96 +8.00 4,718 < 0.001%
Pl 097 +0.24 0.79+0.20 -0.17 £0.30 4.388 < 0.001%
RI 0.58 +0.09 0.51 +£0.09 -0.06 = 0.1 4.402 < 0.001%
BA

VP 50.36 +12.85 5118 +12.44 0.82 +11.80 0.530 0.598
VM 31.65+7.43 33.51+8.16 1.86 + 7.91 1.789 0.079
VD 22,31 +5.38 24.83 +6.84 252 +7.32 2.627 0.011%
Pl 0.88+0.19 0.80 £0.20 -0.08 £0.27 2.244 0.029¢
RI 0.55+0.07 0.52£0.10 -0.02£0.12 1.665 0.101

ACA: anterior cerebral artery; MCA: middle cerebral artery; ICA: internal cerebral artery; VA: vertebral artery; BA: basilar artery; VP: peak systolic velocity; VM: mean flow

velocity; VD: end-diastolic velocity; PI: pulsatility index; RI: resistance index. *Values are expressed as mean + SD. 'Paired t test. *p < 0.05.

Table lll. Effect in blood pressure and blood glucose control rate*

Baseline Final Changes T/Z2 p-valuef
SBP 133.80 + 13.89 117.44 £13.87 -16.36 + 16.37 7.676 <0.001*
DBP 7732 +7.67 7013 +7.89 -7.19+£8.32 6.643 < 0.001*
Controlled 16 (27.12 %) 46 (77.97 %) 30 (50.85 %) 5.145 <0.001%
FBG 8.20 (7.70, 9.60) 6.80 (5.90, 8.10) -1.60 (-2.80, -0.50) 5.308 <0.001*
PBG 11.00 (8.50, 13.40) 7.50 (6.60, 8.90) -2.90 (-5.30, -1.00) 5.152 <0.001%
Controlled 7 (11.86 %) 28 (47.46 %) 21 (35.59 %) 4.379 <0.001*
TG 1.32(0.91,2.02) 1.28 (0.99, 1.69) -0.04 (-0.37,0.12) 1.831 0.067
TC 4.63 +1.00 473 +0.96 0.11+£0.84 0.988 0.327
HDL-C 1.25+0.27 1.29+0.28 0.03+0.11 2.203 0.032*
LDL-C 249 +0.77 249 +0.72 -0.00 + 0.62 0.021 0.984
Controlled 28 (47.46 %) 32 (54.24 %) 4(6.78 %) 1.000 0.317

SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; PBG: postprandial blood glucose; TG: triglyceride; TC: total cholesterol; HDL-C:
high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol. *Values are expressed as mean + SD or number, frequency (%). 'Paired t test or
Wilcoxon signed-rank test. *p < 0.05.

[Nutr Hosp 2023;40(5):993-999]
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Table IV. Effect in 24 h-urinary excretion biomarkers*
Baseline Final Changes T/X? p-valuet
Sodium 15412 + 67.73 131.72 £ 65.73 -22.40 £ 76.16 2.259 0.028*
Potassium 46.27 + 23.01 56.67 + 20.45 10.41 +30.49 2.622 0.011#
Sodium/potassium 3.69 +1.45 241 +1.01 -1.27 £1.37 7.166 <0.001*

*Values are expressed as mean + SD. 'Paired t test. *p < 0.05.

DISCUSSION

At present, the control strategy for chronic diseases such as
hypertension and diabetes has changed from drug treatment
to comprehensive intervention, including lifestyle management,
blood pressure and blood glucose monitoring and health edu-
cation. Nutritional therapy, as the core of lifestyle management,
plays an indispensable role in the prevention and control of hy-
pertension and diabetes, and should be throughout the man-
agement of hypertension and diabetes (15). The CM-DASH diet
contains less total energy, fat, and cholesterol while it contains
more protein and dietary fiber than the DASH diet. In addition, in
order to meet the daily sodium requirements (< 2,300 mg) and
potassium requirements (> 4,000 mg) of the DASH diet without
changing salt habits, low sodium salt (23 % NaCl and 56 % KClI)
was used in combination with CM-DASH diet to observe the in-
tervention effect.

Xianbin D conducted an investigation on hypertension and di-
abetes among residents aged 35-75 in Chongaing, China, and
found that the blood pressure and blood glucose control rates
of patients with hypertension and diabetes were 15.54 % (17)
and 16.17 % (18), respectively, which were similar to the base-
line conditions of subjects in our study. Similar to the results of
Appel LJ et al. (19-22), systolic blood pressure, diastolic blood
pressure, fasting blood glucose and postprandial blood glucose
were significantly reduced after eight weeks of intervention. Be-
sides, the control rates of blood pressure and blood glucose were
77.97 % and 47.46 %, higher than baseline (p < 0.001). Blood
pressure control rate increased by 50.85 % and blood glucose
control rate increased by 35.59 %, indicating that 23 % low sodi-
um formula combined with CM-DASH diet pattern can effectively
and scientifically control blood pressure and blood glucose, and
has good short-term efficacy.

Hypertension and diabetes are risk factors of cerebrovascular
arteriosclerosis. In long-term hypertension, the impact of blood
flow on the vascular wall will damage the intima of blood vessels,
and after the endothelial function is damaged, the lipid in blood
is more likely to deposit on the vascular wall, promoting the oc-
currence and development of atherosclerosis (23). Patients with
diabetes mellitus are usually accompanied by endogenous hyper-
insulinemia. Abnormally elevated endogenous insulin stimulates
vascular smooth muscle cells, resulting in the increase of the
micro RNA208 gene, which then inhibits cycle-dependent pro-
tein kinase P21 and stimulates abnormal proliferation of vascular

smooth muscle cells, leading to atherosclerosis (24). When diabe-
tes is combined with hypertension, the degree of damage to target
organs will be multiplied; for example, the degree of damage to
cerebrovascular will be increased by two times. TCD detection in
patients with hyperglycemia complicated with diabetes can detect
cerebrovascular diseases, especially early ischemic cerebrovascu-
lar diseases, so as to get timely treatment, prevent the occurrence
of stroke and other diseases, and improve the quality of life. Yuhan
K performed TCD detection on 892 patients with essential hyper-
tension and found that, compared with non-hypertensive people,
cerebral vascular blood flow rate was decreased while Rl and Pl
were increased in hypertensive patients, and most obviously in
hypertensive patients with glucose metabolism disorder (25). The
conclusion of Yuhan K’s study was consistent with the baseline
situation of patients observed in this study. But after eight weeks
of dietary intervention, subjects had significant improvement in
hemodynamic indexes of ICA, MCA, ACA, VA and BA, indicating
that 23 % low-sodium formula combined with CM-DASH diet can
effectively improve cerebral vascular function.

Urine test results showed a significant decrease in urinary so-
dium and a significant increase in urinary potassium, suggesting
that the participants’ sodium intake was reduced and potassium
intake increased through the eight-week dietary intervention.
Potassium ion can promote sodium ion excretion, improve en-
dothelial function and reduce plasma angiotensin by affecting
the activity of sodium-chloride cotransporter and sensitivity of
catecholamines (26). In addition, the DASH diet, which is rich
in unsaturated fatty acids, protein and dietary fiber and low in
saturated fatty acids, can improve lipid metabolism disorders and
reduce lipid deposition on blood vessel walls, thereby delaying
or improving atherosclerosis (27). In this study, eight weeks of
dietary intervention increased HDL-C. The DASH diet, which in-
cludes plant-based, fiber-rich foods and natural antioxidants, re-
duces plasma concentrations of monocyte chemotaxis protein-1
(McP-1), thereby improving atherosclerosis to some extent (28).

CONCLUSION

Twenty-three per cent low-sodium formula combined with
CM-DASH diet pattern can improve cerebrovascular function in
community patients with hypertension complicated with diabe-
tes, and has a good short-term benefit of blood pressure and
glucose control.

[Nutr Hosp 2023;40(5):993-999)]
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Neck circumference as a predictor of cardiometabolic risk and truncal obesity
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Abstract

Introduction: recent studies have suggested the use of neck circumference as a parameter capable of identifying risks of cardiometabolic
complications and the accumulation of truncal fat caused by both antiretroviral therapy and the lifestyle of people with the human immunode-
ficiency virus (HIV).

Objective: to investigate the relationship between neck circumference and anthropometric indicators and to assess cardiometabolic risk and
truncal obesity through proposed cut-off points.

Methods: cross-sectional study including 233 people with HIV. Demographic, socioeconomic, lifestyle and clinical data were collected using a
structured questionnaire. The anthropometric evaluation included: weight, height, body mass index (BMI) measurements; waist (WC), neck (NC),
arm and arm muscle circumferences; triceps and subscapular skinfolds and their sum. ROC curves were constructed to determine the accuracy
of NC in predicting cardiometabolic risk in people living with HIV.

Results: the sample was 57.5 % male, with a mean age of 38.4 years (95 %Cl: 37.2-39.7 years). NC showed a positive and significant corre-
lation with all anthropometric variables analyzed (p < 0.05), and a higher correlation strength with WC and BMI. The NC cut-off point selected
Keywords: as a predictor of risk of cardiac metabolic complications and truncal obesity in women was > 32.4 cm, considering both WC and BMI. For men,
the NC cut-off points were different when considering WC (> 39.6 cm) and BMI (> 38.1 cm) as a reference. It is worth noting that NC performed

mﬁ:}%ﬁm’\gfy well in ROC curve analysis for men, while in women it was a poor performance.
Cardiovascular diseases. Conclusion: NC proved to be a promising indicator in the assessment of nutrition and health of people living with HIV, especially in men.
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Palabras clave:

Resumen

Introduccion: estudios recientes han sugerido el uso de la circunferencia del cuello como parametro capaz de identificar los riesgos de com-
plicaciones cardiometabdlicas y la acumulacion de grasa troncal causados tanto por la terapia antirretroviral como por el estilo de vida de las
personas con el virus de la inmunodeficiencia humana (VIH).

Objetivo: investigar la relacion entre la circunferencia del cuello y los indicadores antropométricos y evaluar el riesgo cardiometabélico y la
obesidad troncal a través de los puntos de corte propuestos.

Métodos: estudio transversal que incluyé a 233 personas con VIH. Se recogieron datos demograficos, socioeconémicos, de estilo de vida y
clinicos mediante un cuestionario estructurado. La evaluacion antropométrica incluyd: medidas de peso, altura, indice de masa corporal (IMC);
circunferencias de cintura (CC), cuello (CN), brazo (CA) y musculo del brazo (MCBY); pliegues cutaneos del triceps y subescapular y su suma. Se
construyeron curvas ROC para determinar la precision de la CN en la prediccion del riesgo cardiometabdlico en personas que viven con el VIH.

Resultados: el 57,5 % de la muestra eran varones, con una edad media de 38,4 afios (IC 95 %: 37,2-39,7 afos). La CN mostr6 una correlacion
positiva y significativa (p < 0,05) con todas las variables antropométricas analizadas, y una mayor fuerza de correlacion con la CC y el IMC. El
punto de corte de la CN seleccionado como predictor de riesgo de complicaciones metabolicas cardiacas y obesidad troncular en mujeres fue >
32,4 c¢m, considerando tanto la CC como el IMC. En el caso de los hombres, los puntos de corte de la CN fueron diferentes al considerar como
referencia la CC (> 39,6 cm) y el IMC (> 38,1 cm). Cabe destacar que la CN obtuvo buenos resultados en el anlisis de la curva ROC en el caso

Conclusion: la CN demostré ser un indicador prometedor en la evaluacion de la nutricion y la salud de las personas que viven con el VIH,

VIH. Sica. Cuelo. de los hombres, mientras que en el de las mujeres fue deficiente.
Antropometria.

Enfermedades

cardiovasculares. especialmente en los hombres.

INTRODUCTION

Projections indicate that acquired immunodeficiency syn-
drome (AIDS) is in the world ranking of health problems. However,
human immunodeficiency virus (HIV) infection rates continue to
rise, with an estimate of 37.7 million people living with HIV world-
wide and 1.5 million new cases recorded in 2020 (1). In Brazil,
from 1980 to June 2021, 1,045,355 cases were detected, with
a decrease in the detection rate in Brazil since 2012 (2).

Invariably, antiretroviral therapy (ART) has profoundly
changed the natural history of HIV infection, dramatically reduc-
ing AIDS-related morbidity and mortality (2-4). However, there
is evidence of important adverse effects of ART such as dyslip-
idemia, glucose intolerance and hypertension, all recognized as
risk factors for cardiovascular disease (CVD). The combination
of these effects with chronic inflammation, immune activation
and changes in coagulation factors present in the syndrome
potentiates the development of CVD and metabolic syndrome
(MS) in people living with HIV (5,6).

Recent studies have suggested the use of neck circumference
(NC) as an indicator of cardiometabolic risk and truncal obesity,
as well as body mass index (BMI) and waist circumference (WC)
and hip circumference. Both have a positive relationship with the
components of MS, overweight and obesity (7-9).

Several authors refer to NC as an effective, inexpensive and
easily applied measure to assess CVD risk and upper body fat
accumulation, suggesting that it can be used as a screening tool.
However, its use in clinical practice is precluded because there
is no international consensus regarding ideal cut-offs (10-13).

The identification of cardiometabolic risk and early morpholog-
ical changes in people living with HIV, through the assessment
and diagnosis of nutritional status, helps to establish effective
interventions to treat these complications (14) with appropriate
actions that can improve long-term care and provide better pros-
pects for their quality of life (15).

Given the scenario that maintaing HIV infection as a serious
public health problem worldwide, and considering the potential
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role of nutrition in the health status of people living with HIV, the
knowledge of the nutritional aspects involved in this pathology
has a great importance, as well as the establishment of effective
nutritional indicators with high predictive value of related comor-
bidities. In this context, the objective of the present study was
to investigate the relationship of NC with other anthropometric
indicators and to assess cardiometabolic risk and truncal obesity
by proposing cut-off points for people living with HIV.

MATERIAL AND METHODS

DATA SOURCES AND STUDY POPULATION

The data presented come from a study with 233 individuals of
both sexes living with HIV who were assisted at a reference cen-
ter for infectious and contagious diseases between September
2017 and July 2019.

The eligibility criteria for participating were being in use of ART,
age between 20 and 59 years old, not in use of vitamin or min-
eral supplementation, and no diagnosis of metabolic diseases,
bone diseases, chronic renal failure, liver diseases, gastric dis-
eases or disabsorptive syndromes and neoplasy. Pregnant and
lactating women were not included.

The study was approved by the Ethics Committee of the Fed-
eral University of Piaui (review no. 2,100,110), and followed
the recommendations defined in the Resolution of the National
Health Council of Brazil no. 466 of 2012 and in the Operational
Norm no. 001 of 2013. All the participants signed the informed
consent form.

ANTHROPOMETRIC MEASUREMENTS

Participants were evaluated by trained researchers who ap-
plied the interview (socioeconomic, clinical information) and col-
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lected anthropometric data. All measurements were performed
in triplicate and followed the recommendations of the Food and
Dietary Surveillance System of the Brazil Ministry of Health (16).

Body weight (kg) was measured on a digital scale (Seca®, Bra-
zil), with the patient barefoot and wearing light clothing. Height
(m) was measured with a portable vertical stadiometer (Seca®,
Brazil) with the participant standing upright and the head aligned
in the Frankfurt plane.

BMI (kg/m?) was calculated by dividing weight (kg) by height
(m) squared. Nutritional status was classified by BMI accord-
ing to the World Health Organization (WHO) criteria: thinness <
18.5 kg/m?; eutrophic > 18.5 and < 24.9 kg/m?; overweight >
25 and < 29.9 kg/m?; and obesity > 30 kg/m?.

All circumferences were measured with inelastic tape mea-
sures (Seca®, Brazil). WC was measured at the midpoint between
the lower edge of the costal arch and the iliac crest at the middle
axillary line (17). The cut-off point for cardiometabolic risk used
was > 94 c¢m for men and > 80 c¢m for women, according to the
WHO (18).

NC was measured above the cricothyroid cartilage and just
below the laryngeal prominence with the individual sitting and
with the head positioned in the Frankfurt horizontal plane. The
cut-off points to indicate abnormality in the adult population ad-
opted in the study were > 39 cm for men and > 35 cm for women
because they are considered as the most ideal in studies to de-
termine individuals with central obesity and metabolic syndrome
(11,19,20).

The arm circumference (AC) was obtained at the midpoint
between the acromion and the olecranon. The anatomical point
was also used to measure the triceps skinfold (TSF) on the back
of the arm, while the subscapular skinfold (SSF) was measured
obliquely in relation to the longitudinal axis, following the ori-
entation of the costal arches, being located two cm below the
inferior angle of the scapula. A calibrated adipometer (LANGE®)
was used to collect skinfolds (accuracy of 1 mm). The sum of the
folds (zfolds) was defined by the sum of TSF and SSF, while the
arm muscle circumference (AMC) was obtained as suggested by
Frisancho (42): AMC = [AC - (TSF x m)]2/ (4 x ).

LABORATORY ANALYSIS

The determination of viral load and TCD4+ concentrations was
performed at the Central Public Health Laboratory of the State
of Piaui (LACEN — Pl). The material used for the viral load tests
was plasma, and the quantification was carried out through poly-
merase chain reaction (PCR) in real time. The TCD4+ lymphocyte
count was performed using flow cytometry.

STATISTICAL ANALYSIS

Data were tabulated in the Microsoft Office Excel software
spreadsheet and analyzed using the statistical package Stata®
version 12. Results were presented in means and 95 % con-
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fidence intervals (95 % Cl) for continuous variables and fre-
quency and percentage for categorical variables. The normality
of continuous variables was tested using the Shapiro-Wilk test.
The difference in age, anthropometric measurements, TCD4+,
ART time and disease time means between males and females
was verified using the Mann-Whitney test. The Spearman’s cor-
relation coefficient between NC and anthropometric and clinical
indicators was evaluated.

In order to assess NC performance in determining cardiomet-
abolic risk in patients with HIV from WC and BMI (default), ROC
curve analysis was applied by evaluating the area under the
ROC curve (AUC) and 95 % Cl. Sensitivity and specificity of NC in
relation to WC and BMI were calculated.

Positive and negative predictive values (PPV and NPV, respec-
tively) were also considered in the selection of cut-off points, as
both estimate the probability of disease based on the gold stan-
dard (WC and BMI) (21). PPV indicates the probability of a person
with a positive test actually having the condition while NPV is the
opposite (22). The cut-off points presented were those that had
the most appropriate balance between sensitivity and specificity
taking into consideration the likelihood ratio and the positive and
negative predictive values of the tests. Tests with p value < 0.05
were accepted as statistically significant.

RESULTS

In the present study (n = 233), 134 participants (57.5 %) were
men and 99 (42.5 %) were women, with a mean age, respec-
tively, of 37.3 years (95 % Cl: 35.6-39.0 years) and 39.9 years
(95 % Cl: 38.2-41.7 years), with a statistically significant differ-
ence between sexes (p = 0.038). Regarding the clinical aspects,
it was observed that the individuals presented immune activity
(TCD4+) and viral load without significant difference between
sexes (p = 0.893 and p = 0.456, respectively).

The mean time since diagnosis was 76.4 months (95 % Cl:
67.5-85.3 months), and the average antiretroviral therapy (ART)
use duration was 68.4 months (95 % Cl: 60.3-76.6 months),
with no statistically significant difference between sexes
(p>0.05). Clinical data categorized by sex are presented in table .
Regarding therapeutic regimens, there was a predominance in
the use of nucleoside reverse transcriptase inhibitors (48.5 %)
with lamivudine and tenofovir being the most used. In second
place of predominance was the class of integrase inhibitors
(29.61 %) with a higher prevalence of dolutegravir. The class of
protease inhibitors (21.89 %) had a lower predominance of use,
with atazanavir and ritonavir being the most cited. No significant
association was observed between NC and antiretroviral treat-
ment (p = 0.901), as well as with abdominal WC (p = 0.153) (not
shown in the table).

As for the anthropometric variables, according to table I, higher
means in men for weight (p < 0.001), height (p < 0.001), WC
(p = 0.01) and NC (p < 0.001) were observed. It is notewor-
thy that there was a higher percentage of cardiometabolic risk
(according to WC) in men (75.4 %) than in women (56.6 %,
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p = 0.002), being observed the significant difference in the pro-
portions of presence and absence of risk between the sexes.

In addition, there was no significant difference in the propor-
tions of thinness, eutrophic, overweight or obesity between males
and females (p > 0.05) (Table I). There was a high prevalence of
excess weight in the individuals, with 30.9 % overweight and
9.9 % obese (data not shown in the table).

Table Il shows that the NC had a statistically significant positive
correlation with all anthropometric measurements of the study
(WC, BMI, AC, AMC, TSF, SSF, sum of skin folds, p < 0.001) in
both sexes, being stronger in men than in women, and showing
higher correlation strength with WC and BMI, especially in males.

Table Ill presents the results of the performance analysis, and
the NC cut-off points to assess cardiometabolic risk according to
WC and BMI. It was noticed that the values selected as predictors
of risk of cardiometabolic complications and truncal obesity con-
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sidering WC and BMI among women were both > 32.4 ¢cm, while
in men it was > 39.6 cm and > 38.1 c¢m, respectively. One can
also observe according to the likelihood ratio (LR) that men with
NC > 39.6 cm are 6.37 times more likely to have cardiovascular
and metabolic complications, while women with NC > 32.4 cm
are 2.2 times more likely.

The NPV was high in most analyses, being useful to rule out
the presence of NC-associated risk in the sample of this study.

Based on the ROC curve analysis (Figs. 1 and 2), the cut-off
points for detecting the risk of cardiovascular metabolic com-
plications were expressively more sensitive and specific for
males. The AUC (95 % CI) for NC in the assessment of WC and
BMI in men was 0.8891 (0.83-0.95) and 0.8679 (0.80-0.93),
showing a good performance, while in women it was a poor
performance, being 0.7422 (0.64-0.84) and 0.7105 (0.60-
0.81), respectively.

Table I. Mean (95 % CI) and proportions of clinical and anthropometric variables
of people living with HIV, according to sex

[Nutr Hosp 2023;40(5):1000-1008]

Male Female
Variable Mean 95 % CI 0 Mean | 95 % CI o, | P Vvalue
i N n % . . n %
Median min-max Median | min-max
37.3 35.6-39.0 39.9 38.2-41.7
Age (years) 37.0 20.0-58.0 40.0 20.0-56.0 0.038
Clinical variables
501.5 448.5-554.4 496.0 433.5-558.4
3
TCD4+ (mm?) 4595 0-1,405.0 488.0 12-1,790 0.893
61.6 50.8-72.4 776 65.3-90.0
TA (month) 36.0 1.0-264.0 60.0 1.0-252.0 0.055
71.1 58.8-83.4 83.6 70.8-96.4
TD (month) 48.0 1.0-408.0 72.0 1.0-252.0 0.172
Disease stage
Early 63 47.0 46 | 465
Intermediate 44 32.8 30 30.3 0.831
Late 27 20.2 23 | 232
Viral load
ND 77 57.5 59 | 59.6
BML 24 17.9 12 | 121 0.456
Detectable 33 246 28 | 283
Therapeutic scheme
NRTI 69 51.1 113 | 485
PI 18 133 51 | 219 | 0.001
INI 48 35.6 69 | 296
Anthropometrical variables
. 69.9 67.5-72.2 59.5 57.1-62.0
Weight (ko) 67.9 4311093 592 | 31.9-103.7 <0.001
. 1.7 16-1.8 1.6 1.5-1.6
Height (m) 17 15-1.9 16 1219 <0.001
(Continues on next page)
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Table I (Cont.). Mean (95 % CI) and proportions of clinical and anthropometric variables
of people living with HIV, according to sex

Male Female
Variable Mean 95 % Cl . Mean | 95 % ClI o, |Pvalue
. N n %o . . n %
Median min-max Median | min-max
Anthropometrical variables
87.0 85.1-88.9 82.1 79.8-84.4
W (em) 85.6 64.9-116 82.8 33.3-111.0 0.01
Without risk 33 246 43 | 434
0.002
With risk 101 75.4 56 | 56.6
37.4 36.8-37.9 328 321-335
NC (cm) 37.0 30.1-45.7 325 95.0-52.0 <0.001
Without risk 89 66.4 76 | 76.8
0.086
With risk 45 336 23 | 232
244 03.7-251 243 03.4-25 1
2
B (kg/r¥) 241 14.8-37.4 235 12.6-40.8 0.790
Thinness 6 4.5 5 5.1
Eutrophic 71 53.0 56 | 56.6
0.935
Overweight 43 32.1 29 | 293
Obesity 14 104 9 | 91

ART: antiretroviral therapy; TA: duration of ART; TD: time of disease; ND. non-detectable; BM: below minimum limit; NRTI: nucleoside reverse transcriptase inhibitors; Pl:
protease inhibitor; INI: integrase inhibitor; WC: waist circumference; NC: neck circumference; BMI: body mass index.

Table Il. Correlation coefficients between neck circumference and anthropometric

and clinical indicators of people living with HIV, according to sex

Male Female
Variable
R P R p
WC 0.77 < 0.001 0.52 < 0.001
BMI 0.74 < 0.001 0.50 < 0.001
AC 0.69 < 0.001 0.53 < 0.001
AMC 0.60 < 0.001 0.51 < 0.001
TSF 0.32 < 0.001 0.29 0.003
SSF 0.50 < 0.001 0.28 0.005
Yfolds 0.45 < 0.001 0.32 0.001
TCD4+ 0.26 0.002 0.19 0.058
i 0.09 0.323 0.13 0.195
TA 0.08 0.335 0.09 0.393

WC: waist circumference; BMI: body mass index; AC: arm circumference; AMC: arm muscle circumference; TSF: triceps skinfold; SSF: subscapular skinfold; Y folds:
sum of TSF and SSF; TD: time of disease, TA: time of ART; ART: antiretroviral therapy;
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Table lll. Cut-off point values of NC to identify cardiometabolic risk and truncal obesity

according to WC and BMI of people living with HIV, by sex

. NC(CP) AUC o Spc. CcC PPV NPV
Variables/sex il (95 % CI) Sens. (%) (%) (%) LR(+) LR(-) (%) (%)
Waist circumference

0.8891

Male >39.6 (0.83-0.95) 75.0 88.2 85.1 6.37 0.28 66.7 91.8
0.7422

Female >324 (0.64-0.84) 66.1 70.0 67.7 2.20 0.48 76.5 58.3

Body mass index

0.8679

Male >38.1 (0.80-0.93) 75.4 85.7 81.3 5.28 0.28 79.6 82.5
0.7105

Female >324 (0.60-0.81) 76.3 63.9 68.7 2.1 0.3 56.9 81.2

NC(CP): neck circumference cut-off point; AUC: area under the curve; Sens.: sensitivity; Spec.: specificity; CC: correctly classified; LR(+): positive likelihood ratio, LR(-):
negative likelihood ratio; PPV: positive predictive value, NPV: negative predictive value.

AUC =0.8679

AUC =0.7105

Male Female
g | g |
24 Q|
S S
2 2
g3 £8
g S 2 o
3 3
1] o
(=3 (=
S 8
S T T T T S T T T T
0.00 025 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1 - Specificity 1 - Specificity
AUC = 0.8891 AUC =0,7422
Male Female
g s
8 o
S S
2 2z
2 g =N
=1
q q
=) 5]
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0.00 025 050 0.75 1.00 0.00 025 0.50 0.75 1.00
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Figure 1.

Results of ROC curves
of neck circumference in
the evaluation of waist
circumference as risk
measures for cardiac
metabolic complications
in men and women

with HIV, according to
their sensitivities and
specificities.

Figure 2.

Results of neck circumfe-
rence ROC curves in the
evaluation of body mass
index in men and women
with HIV, according to
their sensitivities and
specificities.
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DISCUSSION

Some issues related to ART are still challenging as a result
of numerous adverse effects such as increased weight and
triglyceride, total cholesterol and LDL-c levels, as well as de-
creased HDL-c and changes in body fat deposition in individuals
with HIV (6).

Regarding the general characteristics of the participants pre-
sented in table |, they are similar to those of other studies, with a
higher prevalence of men, with a mean age greater than 35 years
old, using ART (27,28,38).

Literature states that high NC values are predictors of upper
body subcutaneous fat accumulation (23,24) as well as signifi-
cantly associated with metabolic syndrome components (25) and
with prognostic variables such as waist circumference and body
mass index (11,26).

The role of body fat redistribution in HIV infection is most
commonly related to therapy medications, risk factors for CVD,
and inadequate lifestyle habits (27). Jantarapakde et al. (28)
demonstrated in their study that the metabolic syndrome was
significantly higher (p = 0.018) in the group that experienced
ART (24.9 %) compared to the group that did not (15.9 %), high-
lighting the contribution of ART use on clinical outcome. Con-
ditions such as insulin resistance, dyslipidemia and increased
inflammatory markers are reported in patients with ART-induced
lipodystrophy, although its role in the development of metabolic
syndromes has not been elucidated. Studies indicate that these
drugs repress the differentiation of adipocytes, as well as in the
expression, secretion and release of adiponectin in adipose tis-
sue, in which it plays a crucial role in glucose regulation and fatty
acid oxidation (29-31). Evidently, the accumulation of upper trunk
fat has also been identified as a strong determinant of insulin
resistance and altered lipid profile in people living with HIV (5,7).

There is considerable concern in the literature regarding the
“optimal” cut-off points of anthropometric indices in predicting
cardiovascular risk factors, whether due to the different clinical
conditions of individuals, ethnicity, body composition or other en-
vironmental and individual factors that make the use of NC diffi-
cult in the clinical practice due to the complexity of establishing
a reference value that can truly conjecture and diagnose those
risks (28,29).

NC is a screening tool suggested to identify overweight, accu-
mulation of subcutaneous adiposity in the upper body, and risk of
cardiometabolic complications. Because it is a simple, low cost and
non-invasive prognostic variable, which is not influenced by respi-
ratory movements and pre or postprandial period, it is more social-
ly acceptable, especially by overweight and obese people (30,31).

However, it is important to point out that there is no nation-
al and international consensus so far for NC measures cut-off
points, therefore studies establish values from the evaluated
population and from results of other studies (32).

Ben-Noun et al. (31) proposed optimal cut-off points to iden-
tify adult subjects with BMI of overweight and obesity using the
NC. Subsequently Onat et al. (20) also proposed cut-off points of
>39 c¢cmand > 35 ¢cm for NC in adult men and women, respec-

. K. F. Oliveira et al.

tively. These reference values are probably the best to identify
upper-body obesity and cardiometabolic complications, which
justifies the choice to be used in the present study (11,19,20).

In the present cross-sectional analysis of population data of
people living with HIV, the AUC between NC and WC and NC and
BMI were high in man, but AUCs were poor for women. This also
reflected in NC being significantly correlated with a variety of
indicators that proved to be a satisfactory indicator for assessing
risk of metabolic complications and upper-body subcutaneous
fat accumulation with measurements adjusted by sex which were
significantly associated and stronger in men than in women.

Fitch et al. (27) conducted a study to verify the relationship
between NC and cardiometabolic parameters in HIV-infected and
non-infected adults and found that increased NC is strongly as-
sociated with HIV, BMI and visceral and subcutaneous abdominal
adipose tissue areas in the whole cohort. Other authors have
also shown that NC is directly associated with subclinical ath-
erosclerosis in HIV-positive and negative people, and also occurs
independently in traditional risk factors (smoking, hypertension,
elevated LDL, above acceptable blood glucose, and abdominal
adiposity) (5,33).

It is important to highlight that the values of cut-off points
selected are specific to the population with HIV, nevertheless
studies with this public are scarce in the literature. However, it
is of great importance to this population because they present
the aggravating factor of ART use that is associated with serious
adverse effects, such as metabolic alterations, abnormal redis-
tribution of body fat and strong predisposition to the onset of
cardiovascular complications (27,34).

The present study describes for the first time in people with
HIV the usefulness of NC to assess cardiometabolic risk and
truncal obesity, by proposing cut-off points for this anthropo-
metric variable, especially in men. Moreover, it is evidenced by
its high correlation with anthropometric indicators of adiposity,
being higher in man. Other authors also report tendencies that
are similar to those found in different populations (19,20,27,35).

The good AUC values for NC in man found in the present study
suggest high measurement accuracy, considering that a diag-
nostic test is only considered to be able to discriminate reliable
results when the AUC is greater than 0.5 and closer to 1.0, indi-
cating a greater ability to discriminate between individuals with
and without risk (36,37,42). In women with HIV, the assessment
should be done with caution.

All cut-off points selected in the study presented a balance
between sensitivity and specificity of diagnosis. However, the op-
timal cut-off points of males showed better diagnostic accuracy
rates than those of females. Other authors also use the ROC
curve and LR analysis, which help in refining and choosing the
diagnostic test (35,38).

Positive and negative likelihood ratios assist in the selection
of the cut-off point value that is most associated with the risk of
cardiometabolic complications and excess body fat, using WC
and BMI. The usefulness of LR is to describe the accuracy of a
test, since high LR + values provide strong evidence for the diag-
nosis of true positives while low LR- values exclude the possibility
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of false positives (35,37,38). Regarding the predictive values of
the analysis, it is necessary to understand that they are not fixed
characteristics of the test and cannot be generalized to popula-
tions with different prevalence of the disease (21).

The reference values for NC in people with HIV are non-exis-
tent, making it difficult to compare the cut-off points determined
in the study, besides the impossibility of comparing the percent-
ages of sensitivity and specificity, AUC, LR+, LR- and percentag-
es of PPV and NPV. However, it presented sensitivity and speci-
ficity percentages similar to those of the study by Onat et al. (20)
performed on Turkish adults who had their cut-off points adopted
as a reference of risk classification for this article.

There are authors who state that increased NC contributes to
the risk of metabolic syndrome, because, as it was previously
discussed, this measure reflects fat deposition at an ectopic site,
as observed in fatty liver or thoracic visceral adipose tissue which
may include (basal areas of) neck and palate (20,39,40).

It is important to highlight some limitations that should be
taken into consideration since a cross-sectional study limits to
some extent its interpretation of the causality of the associations,
besides the fact that correlations with imaging and lipid profile
exams that directly quantify fat deposition and their reference
values that guide the diagnosis for risk of complications were not
performed. Relevant aspects include the use of statistical analy-
sis of LR, PPV and NPV, which help in refining the results of the
diagnostic test.

CONCLUSION

The results of this study showed that NC may be an indicator
of health in people with HIV, as it is a screening tool capable
of identifying the risk of cardiometabolic complications and up-
per-body fat accumulation, especially in man. The ease of ap-
plication and low cost can make it feasible to be used in public
health services and in epidemiological studies. We emphasize
that further research with this population is needed to reach a
consensus on specific cut-off points that help to identify early,
through screening, people most vulnerable to developing such
complications. In addition, investigations with more specific indi-
cators that can better clarify the different findings between men
and women are opportune.
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Association between nutritional status and platelet-to-lymphocyte ratio in patients

with hepatocellular carcinoma undergoing transcatheter arterial chemoembolization
Asociacion entre el estado nutricional y el indice plaquetas-linfocitos en pacientes con carcinoma
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Abstract

Introduction: nutritional status and platelet-to-lymphocyte ratio (PLR) have been found to be associated with prognosis in patients with hepa-
tocellular carcinoma (HCC) undergoing transcatheter arterial chemoembolization (TACE).

Objectives: to evaluate the association between nutritional status and PLR in patients with HCC undergoing TACE.

Methods: a total of 152 HCC patients received TACE were enrolled. The nutritional status was evaluated by Patient-Generated Subjective Global
Assessment (PG-SGA). Patients with PG-SGA A and PG-SGA (B or C) were classified as the well-nourished and malnourished groups.

Keywords: Results: according to the PG-SGA, 130 (85.5 %) patients were malnourished. The median PLR was significantly different between well-nourished
and malnourished groups (p = 0.008). A positive correlation was found between PLR and PG-SGA score (r = -0.265, p = 0.001). The optimal
Hepatocellular carcinoma.  PLR cutoff value was 102.165 to predict malnutrition, with a sensitivity of 65.4 %, specificity of 72.7 %, and an area under the curve (AUC) of

Transcatheter arterial 0.677 (95 % confidence interval (Cl): 0.550-0.804; p = 0.008). A logistic stepwise regression model showed that the PLR was associated with
chemoembolization. nutritional status in Model 1 without adjustment, as well as if adjusted by age, sex, type of TACE (c-TACE/DEB-TACE) and Child—Pugh stage (odds
hutrtional tafus. Pltelet- —atio, 0.190; 95 % Cl: 0.062-0.582; p=0.004)

to-lymphocyte ratio. e ’ o : ! : '

Inflammation. Conclusions: nutritional status measured by PG-SGA was significantly associated with PLR in patients with HCC undergoing TACE.
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Resumen

Introduccion: se ha encontrado que el estado nutricional y el indice plaquetas-linfocitos (PLR) se asocian con el prondstico en pacientes con
carcinoma hepatocelular (CHC) sometidos a quimioembolizacion transarterial (TACE).

Obijetivos: evaluar la asociacion entre el estado nutricional y la PLR en pacientes con CHC sometidos a TACE.

Métodos: se evaluaron 152 pacientes con CHC que recibieron TACE. El estado nutricional fue evaluado por Evaluacion Global Subjetiva Generada
por el Paciente (PG-SGA). Los pacientes con PG-SGA Ay PG-SGA (B o C) se clasificaron como los grupos bien nutridos y desnutridos.

Resultados: segun la PG-SGA, 130 (85,5 %) pacientes estaban desnutridos. La mediana de PLR fue significativamente diferente entre los grupos
bien nutridos y desnutridos (p = 0,008). Se encontrd una correlacion positiva entre PLR y la puntuacion PG-SGA (r = -0,265, p = 0,001). El
valor de corte 6ptimo de PLR fue de 102,165 para predecir la malnutricion, con una sensibilidad del 65,4 %, una especificidad del 72,7 % y un
area bajo la curva (AUC) de 0,677 (intervalo de confianza [IC] del 95 %: 0,550-0,804; p = 0,008). Un modelo de regresion logistica escalonada
mostro que el PLR se asoci6 con el estado nutricional en el Modelo 1 sin ajuste, asi como cuando se ajusté por edad, sexo, tipo de TACE (c-TACE/

plaquetas-linfocitos.
Inflamacion.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide, and the leading cause of mortality in can-
cer patients (1-3). About 30 % of HCC patients are detected in
the early stage, which can be benefit from surgical resection (4).
However, for patients with unresectable intermediate and ad-
vanced HCC, transcatheter arterial chemoembolization (TACE) is
considered a widely used treatment (3).

Currently, malnutrition is more common in patients with HCC un-
dergoing TACE, resulting in a negative impact on quality of life, in-
creased rate of complications, postoperative recurrence, and short-
ened survival (5-7). Therefore, early assessment of nutritional status
is necessary to diagnose and prevent malnutrition and further im-
prove clinical outcomes (8). The Patient-Generated Subjective Global
Assessment (PG-SGA) was recommended to assess nutritional sta-
tus in patients with cancer (8,9). In addition, we found that PG-SGA
has been proven to be reliable for assessing the nutritional status
in HCC patients, but few studies have used it to assess nutritional
status in these patients undergoing TACE (10,11).

Inflammatory factors (the platelet-to-lymphocyte ratio (PLR), the
neutrophil-to-lymphocyte ratio (NLR), the Glasgow Prognostic Score
(GPS), the modified GPS, the systemic immune-inflammation in-
dex, etc.) has shown to be a pathogenic in the cancer-associated
malnutrition, which can be used to predict poor clinical outcomes in
patients with HCC (12-15). Among them, the PLR is a more effective
prognostic marker than other inflammatory factors in patients with
HCC (15-17). Previous studies found that nutritional status and in-
flammation scores can predict clinical outcomes, whereas no studies
examine the associations between nutritional status and inflamma-
tion scores (PLR) in patients undergoing TACE (5,6,14).

Therefore, the aims of the present study were to evaluate the prev-
alence of malnutrition and to investigate the relationship between
PLR and nutritional status in patients with HCC undergoing TACE.

MATERIALS AND METHODS

STUDY DESIGN AND SUBJECTS

This prospective study was conducted at our institution, which
recruited 235 patients with HCC undergoing TACE from January

DEB-TACE) y etapa Child-Pugh (odds ratio, 0,190; IC 95 %: 0,062-0,582; p = 0,004).
Conclusiones: el estado nutricional medido por PG-SGA se asocio significativamente con PLR en pacientes con CHC sometidos a TACE.

2022 to August 2022. HCC was diagnosed based on the Euro-
pean Society for Medical Oncology (ESMO) guideline [18]. The
inclusion criteria were as follows: 1) HCC patients treated with
TACE; 2) liver function categorized as Child-Pugh class A or B;
3) complete PG-SGA questionnaire independently, and 4) Pro-
vision of informed consent. Patients were with extrahepatic
metastases (n = 45), with liver function categorized as Child—
Pugh class C (n = 26), and with incomplete critical baseline data
(n = 12) were excluded from the study. In total, 152 patients
were included in this study (Fig. 1).

CLINICAL AND LABORATORY DATA

Sociodemographic (sex, age), type of TACE, Child—Pugh clas-
sification (Child-Pugh A and B), hypertension, diabetes, and lab-
oratory data (red blood cell (RBC), hemoglobin, albumin, white
blood cell (WBC), neutrophil count, lymphocyte count, platelets
count, alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), and albumin) were collected. Chemoembolization type
included the conventional TACE (c-TACE) and drug-eluting bead
TACE (DEB-TACE).

ASSESSMENT OF ANTHROPOMETRY AND
NUTRITIONAL STATUS

Body weight and height were measured by standing in light
clothes and without shoes. The body mass index (BMI) was cal-
culated as the weight (kilograms) divided by the height square
(meters). Furthermore, the BMI results were stratified into
underweight (< 18.5 kg/m?), normal weight (> 18.5 kg/m?,
< 25.0 kg/m?), overweight (> 25.0 kg/m?, < 30.0 kg/m? and
obese (> 30.0 kg/m?).

The PG-SGA is recommended as the nutrition assessment
tool by several oncology practice societies and its validity and
reliability have been demonstrated in cancer patients (8,19). The
PG-SGA nutrition assessment includes two parts. The first part
consists of weight history, food intake, symptoms, and functional
status, which were completed by the patients. The second part
was assessed by medical staff and includes nutrition-related

[Nutr Hosp 2023;40(5):1009-1016]
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disease status, metabolic status, and physical examination re-
sults (20). The sum of scores was categorized as 0-1 (PG-SGA
A, well-nourished), 2-8 (PG-SGA B, suspected or moderately
malnourished) and > 9 (PG-SGA C, severely malnourished). Pa-
tients with PG-SGA A were classified as well-nourished group,
and patients with PG-SGA B or C were classified as malnourished
group (21).

ASSESSMENT OF PLR

The PLR was calculated as platelet count (10%L) divided by
lymphocyte count (10%L). The Spearman correlation was used to
examine the association of PLR and PG-SGA score. The receiver
operating characteristic (ROC) curve were generated and to iden-
tify cut-off values of the PLR.

ETHICAL STATEMENT

The present study was approved by the Research Ethics Com-
mittee of our hospital (JNU20220310IRB23), and all participants
voluntarily gave written informed consent.

STATISTICAL ANALYSIS

All continuous variables are described as the means = stan-
dard deviations or medians (quartiles), and were compared be-
tween the well-nourished and malnutrition groups by using the
independent samples t-tests or Mann-Whitney U-test. Categor-
ical variables are described as the number and the percentages
of cases, and were compared between these two groups using
the Chi-squared test or Fisher’s exact test. The Spearman rank

correlation coefficient was used to assess the association be-
tween PLR and nutritional parameters. The PLR cut-off value was
calculated using a receiver operating characteristic (ROC) curve.
Binary logistic regression analyses were done to assess the as-
sociation between nutritional status and PLR. We used the Model
1 without adjustment and Model 2 adjusted by age, sex, type
of TACE (c-TACE/DEB-TACE) and Child-Pugh stage. Al statistical
analysis was performed with SPSS version 24.0 (IBM, Chicago,
IL, United States). A p-value of less than 0.05 was considered a
significant difference.

RESULTS

DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS

A total of 152 patients were included in this study. The demo-
graphic and clinical characteristics of the enrolled patients were
summarized in table I. The male accounts for 84.2 %, and mean
age was 62.55 + 9.71 years. Regarding the liver function classi-
fication, 86 (56.6 %) patients were classified as Child-Pugh class
A and 66 (43.3 %) patients were Child-Pugh class B. The c-TACE
treatment was performed in 99 patients (65.1 %). According to
the PG-SGA, 85.5 % of the patients were malnourished (46.7 %
PG-SGA B, 38.8 % PG-SGA C) and the median PG-SGA score was
7.00 (range: 3.25-10.00). The median body weight was 60.00 kg
(range: 54.00-70.00 kg), and the median BMI was 21.88 kg/m?
(range: 19.58-24.58 kg/m?). In addition, 22 patients (12.5 %) were
underweight (BMI < 18.50 kg/m?). The median PLR was 138.00
(range: 76.25-233.53), and the median levels for serum liver
markers such as AST, ALT, and bilirubin were 46.50 U/L (range:
28.00-68.75 U/L), 47.00 U/L (range: 25.00-74.50 U/L), and
23.05 g/dL (range: 15.03-35.38 g/dL), respectively.

No. of patients met the inclusion criteria (n = 235)

2

\]

)
3)
4)
5

Inclusion criteria:

1) With hepatocellular carcinoma

Child-Pugh class A or B

Treatment with TACE

Complete the PG-SGA questionaire independently
Provision of invormed consent

No. of patients excluded (n = 83)

Y

Exclusion criteria:

1) Extahepatic metastases (n = 45)

2) Child-Pugh class C (n = 26)

3) Incomplete critial baseline data (n = 12)

No. of patients were included (n = 152)

Figure 1.
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PATIENT CHARACTERISTICS BY NUTRITIONAL
STATUS

The differences between PG-SGA A (well-nourished) and PG-SGA
B + C (malnourished) group are shown in table Il and table il Among
patients undergoing TACE, the prevalence of malnutrition was higher
for patients with higher age than those well-nourished patients (o
< 0.001). Patients in the PG-SGA A group had higher height, body
weight, and BMI than those of PG-SG B + C group, but there is no
significant difference among the groups (without significant differ-
ence, p = 0.759, p = 0.356, p = 0.630, respectively). Well-nour-
ished patients have significantly higher levels of hemoglobin than
that of malnourished patients (o = 0.018). There was a significant
difference in PLR between PG-SGA A and PG-SGA B + C groups (p
= 0.008). Patients with higher levels of bilirubin, AST and ALT had
a higher rate of malnutrition than those with lower levels of bilirubin,
AST and ALT, but the difference did not have statistical significance (o
=0.722, p=0.540, p= 0.518, respectively) (Table Il).

As shown in table Ill, a significant difference was observed
between PG-SGA A and PG-SGA B + C groups in liver function
Child-Pugh classification (p = 0.011), except for sex, hyperten-
sion, diabetes, and type of TACE (p > 0.050).

ASSOCIATION BETWEEN
PLATELET-TO-LYMPHOCYTE RATIO (PLR)
AND NUTRITIONAL PARAMETERS

Spearman’s correlation revealed that the PLR was positive-
ly correlated with PG-SGA score (r = 0.208, p = 0.010), while
negatively correlated with the hemoglobin level (r = -0.265,
p=0.001) (Table V).

CALCULATION OF OPTIMAL CUTOFF VALUE
FOR THE PLR

As is shown in figure 2, a PLR > 102.165 was the optimal
cutoff value using malnutrition as an endpoint in the ROC curve.
The area under the curve (AUC), sensitivity, and specificity were
0.677 (95 % confidence interval (Cl): 0.550-0.804; p = 0.008),
65.4 % and 72.7 %, respectively.

LOGISTIC BINARY REGRESSION
WITH NUTRITIONAL STATUS
AS A DEPENDENT VARIABLE

Table V shows the logistic regression analysis for the nutrition-
al status (PG-SGA A vs. B + C) in HCC patients undergoing TACE.
Age, sex, PLR > 102.165 (categorical variable), type of TACE and
Child-Pugh stage were enrolled in the regression model, which
demonstrated that nutritional status was associated with the PLR
in the Model 1 without adjustment (OR, 0.199; 95 % Cl, 0.073-
0.543; p=0.002) and Model 2 adjusted for age, sex, type of TACE
(c-TACE/DEB-TACE) and Child-Pugh stage (OR, 0.190; 95 % Cl,
0.062-0.582; p=0.004).

H. Duan et al.

Table I. Demographic and clinical
characteristics of the patients

Total (n = 152)
Variable
n (%) Mean (SD)

Sex

Male 128 (84.2)

Female 24 (15.8)
Age (years) 62.55 (9.71)
Hypertension (yes, %) 60 (39.5)
Diabetes (yes, %) 31 (20.4)
Chila—Pugh stage (%)

A 86 (56.6)

B 66 (43.4)
Type of TACE

c-TACE 99 (65.1)

DEB-TACE 53(34.9)
Classification of PG-SGA

SGA-A 22 (14.5)

SGA-B 71 (46.7)

SGA-C 59 (38.8)
Classification of BMI

Underweight (18.5) 19 (12.5)

Normal weight (> 18.5,+25) | 99 (65.1)

Overweight (= 25,+30) 25 (16.4)

Obesity (= 30) 9(5.9
Height (cm) 168.00 (162.00-172.00)
Body weight (kg) 60.00 (54.00-70.00)
BMI (kg/m?) 21.88 (19.58-24.58)
PG-SGA score 7.00 (3.25-10.00)
RBC (x 10%L) 3.73(0.61)
Hemoglobin (g/dL) 117.00 (107.00-129.00)
Albumin (g/L) 33.55 (4.43)
WBC (x 10%L) 5.50 (4.20-7.98)
Neutrophil count (mm?) 4.20 (2.60-6.40)
Lymphocyte count (mm?) 0.80 (0.60-1.20)
Platelets (x 10%/uL) 113.50 (76.50-166.00)
PLR 138.00 (76.25-233.53)
AST (UL 46.50 (28.00-68.75)
ALT (UL 47.00 (25.00-74.50)
Bilirubin (g/dL) 23.05 (15.03-35.38)

Data are expressed as mean + stanaard deviation, median (interquartile
range). PG-SGA: Patient-Generated Subjective Global Assessment; TACE:
transcatheter arterial chemoembolization; c-TACE: conventional TACE, DEB-
TACE: drug-eluting beads TACE; BMI: body mass index; RBC: red blood cells;
WBC: white blood cells; PLR: platelet-to-lymphocyte ratio; AST: aspartate
aminotransferase, ALT: alanine aminotransferase.
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Variable PG-SGA A PG-SGA (B + C) povalue
n=22 n =130

Age (years)t 55.68 (6.99) 63.71 (9.65) <0.001*
Height (cm)? 167.55 (5.52) 167.05 (7.26) 0.759
Body weight (kg) 64.60 (10.80) 62.66 (12.23) 0.356
BMI (kg/m?) 23.20 (4.42) 22.40 (3.73) 0.630
RBC (x 109/L) 3.96 (0.67) 3.69 (0.60) 0.055
Hemoglobin (g/dL)t 126.68 (24.23) 115.63 (19.20) 0.018*
Albumin (g/L) 34.74 (4.19) 33.35 (4.45) 0.270
WBC (x 109L) 6.57 (4.02) 6.48 (3.60) 0.668
Neutrophil count (mm3) 5.00(3.99) 5.02 (3.36) 0.547
Lymphocyte count (mm?) 1.04 (0.42) 1.00 (0.76) 0.106
Platelets (x 10%/uL) 108.05 (73.69) 130.88 (67.03) 0.022*
PLR 120.89 (97.51) 180.19 (141.98) 0.008*
AST (UL 61.73 (562.10) 80.94 (144.32) 0.540
ALT (UL 69.32 (59.98) 72.61(109.12) 0.518
Bilirubin 25.43 (12.29) 30.30 (25.80) 0.722

PG-SGA: Patient-Generated Subjective Global Assessment; BMI: body mass index; RBC: red blood cells; WBC: white blood cells; PLR: platelet-to-lymphocyte ratio; AST:
aspartate aminotransferase; ALT: alanine aminotransferase. *Differences between groups for these variables were compared using the independent samples t-tests,

while the other variables were compared using the Mann-Whitney U-test. *p < 0.05.

Table lll. Differences in clinical characteristics between the PG-SGA A
and PG-SGA B + C groups

PG-SGA A PG-SGAB + C
Variable p-value
n=22 n =130
Sex
Female 3(13.6) 21(16.2) 1.000
Male 19 (86.4) 109 (83.8)
Hypertension (yes, %) 8 (36.4) 52 (40.0) 0.747
Diabetes (yes, %)" 4(18.2) 27 (20.8) 1.000
Type of TACE
c-TACE 16 (72.7) 83 (63.8) 0.419
DEB-TACE 6 (27.3) 47 (36.2)
Child-Pugh stage (%)
A 7(31.8) 79 (60.8) 0.011*
B 15 (68.2) 51(39.2)

PG-SGA: Patient-Generated Subjective Global Assessment; TACE: transcatheter arterial chemoembolization; ¢-TACE: conventional TACE,; DEB-TACE: drug-eluting beads
TACE. "Differences between groups for these variables were compared using Fisher’s exact test, while the other variables were compared using the chi-squared test.

0 < 0.05,

[Nutr Hosp 2023;40(5):1009-1016]
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Table IV. Correlation between
platelet-to-lymphocyte ratio (PLR)
and nutritional parameters

PLR
Variables Correlation
coefficient PED
PG-SGA score 0.208 0.010*
Body weight (k) -0.135 0.096
BMI (kg/m?) -0.139 0.087
RBC (x 10%L) -0.130 0111
Hemoglobin (g/dL) -0.265 0.001*
Albumin (g/L) -0.126 0.121

PLR: platelet-to-lymphocyte ratio; PG-SGA: Patient-Generated Subjective
Global Assessment; BMI: body mass index; RBC: red blood cells. *p < 0.05.

ROC Curve
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Figure 2.

Performance of PLR levels in prediction of nutritional status in HCC patients under-
going TACE (ROC: receiver operating characteristic; PLR: platelet-to-lymphocyte
ratio; AUC: area under the curve).

Table V. Logistic regression estimates
of the association between nutritional
status (PG-SGA A vs. B + C)
and platelet-to-lymphocyte ratio (PLR)

Variables | OR | 95 % CI | p-value

PLR x PG-SGA (A vs. B + C)

Model 1# 0.199 0.073-0.543 0.002*

Model 24 0.190 0.062-0.582 0.004*

Note: nutritional status was entered as a dependent variable (PG-SGA A vs. B +
C), and PLR > 102.165 was entered as an independent variable. aNot adjusted.
bAdjusted for age, sex, type of TACE (c-TACE/DEB-TACE), Child-Pugh stage. OR:
odds ratio; Cl: confidence interval; PLR: platelet-to-lymphocyte ratio; PG-SGA:
Patient-Generated Subjective Global Assessment; TACE: transcatheter arterial
chemoembolization; c-TACE: conventional TACE, DEB-TACE: drug-eluting beads
TACE. < 0.05.

H. Duan et al.

DISCUSSION

The present study shown the higher prevalence of malnutrition
according to the PG-SGA score in patients with HCC undergoing
TACE. Additionally, there was a positive correlation between the
PLR and nutritional status, which can be used as an indicator to
evaluate nutritional status. Moreover, PLR was an independent
predict variable of nutritional status, and its cutoff value above
the 102.165 reveals the poor nutritional status in patients with
HCC undergoing TACE.

In our study, 85.5 % of the HCC patients receiving TACE were
malnourished, which was consistent with a previous study,
which found similar prevalence rate of malnutrition (81 %) in
surgical patients with cancer (22). The high prevalence of mal-
nutrition may be explained by the fact that poor liver function
(23) or the occurrence of postembolization syndrome (PES) (in-
cluding fever, abdominal pain, vomiting, and nausea) (24). An-
other study also showed that HCC patients receiving TACE have
poor nutritional status, which predicts shorter overall survival
(0S) (5,6). Thus, high prevalence of malnutrition may occur
among patients after TACE.

There were different inflammation-related factors among var-
ious type of cancer patients, such as lymphocyte-to-monocyte
ratio (LMR), NLR, and PLR (25-27). PLR was a reliable inflamma-
tory marker in patients with HCC (16,17). Platelets is essential
for growth and metastasis in HCC via angiogenesis and protect
tumor cells from lysis by natural killer cells (28). However, lym-
phocytes play a role in anti-tumoral immune response, and their
reduction indicated the worse prognosis of HCC (29,30). Previous
study has been shown that the PLR was a more powerful predic-
tive factor than other inflammation-based scores in patients with
HCC undergoing TACE (15). Additionally, two systematic reviews
indicated that high PLR is a promising prognostic biomarker for
patients with HCC (16,17). Thus, the PLR may be a useful in-
flammatory marker used in patients with HCC treated with TACE.

In addition, to our knowledge, there are no studies in investi-
gating the association between nutritional status and PLR in HCC
patients undergoing TAGE. Previously, studies have investigated
the association between NLR and nutritional status in geriatric
patients, hospitalized cirrhosis, COVID-19 and hospitalized, un-
selected cancer patients (31-34). In this study, we found that the
PLR significantly higher in malnourished patients than nourished
patients, indicating that inflammatory response was associated
with nutritional status, which was in line with previous studies in
identifying the relationship between inflammation and nutritional
status (31-34). In a previous study, Siqueira et al reported that
high NLR values show an increase in nutritional risk in hospi-
talized, unselected cancer patients, suggesting that systemic
inflammation was associated with nutritional risk, which was
consistent with our study (34). Therefore, systemic inflammatory
was associated with nutritional status, and the PLR can be used
as an indicator in evaluating the nutritional status of HCC patients
undergoing TACE. This study can be used as a screening test or a
test to verify nutritional status, which may be useful for therapeu-
tic care plans and improving clinical outcomes (33,35).

[Nutr Hosp 2023;40(5):1009-1016]
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LIMITATION

There were some limitations in this study. Firstly, it was a
cross-sectional design study, so no causal relationship between
nutritional status and PLR could be established. Secondly, the
single study setting may result in a lack of generalizability of re-
search findings to other populations in different medical institu-
tions. Lastly, the correlation between the PLR and post-chemo-
embolization complications or the outcome of chemoembolization
was not evaluated, which should be confirmed in our further
study.

CONCLUSIONS

The present study demonstrates that the prevalence of mal-
nutrition was significantly higher in patients with HCC undergo-
ing TAGE. In addition, a higher PLR was associated with worse
nutritional status, thus those with higher PLR might need to be
performed nutritional assessment and management. Moreover,
the PLR was a predictor in assessing nutritional status in patients
with HCC undergoing TACE.
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Resumen

Introduccidn y objetivo: los trastornos gastrointestinales crénicos como la enfermedad celiaca y la intolerancia a la lactosa o fructosa en la edad
adulta son cada vez mas frecuentes y se suelen acompafar de sintomatologia que repercute en las actividades diarias y limita en gran medida
la dieta. El espectro de sintomas que manifiestan los afectados es heterogéneo y poco especifico y, ademas, no existe un protocolo estandari-
zado y consensuado para el manejo dietético, lo que dificulta un correcto diagnostico y un adecuado tratamiento. Los trastornos relacionados
con malabsorcién/intolerancia alimentaria pueden originarse por causas primarias (genéticas) o secundarias (parasitos, alergias, enfermedad
inflamatoria intestinal, farmacos, etc.). El empleo de andlisis genéticos permite descartar o confirmar causas primarias y, cuando sea necesario,
centrar la bsqueda en las secundarias. El objetivo del enfoque algoritmico que proponemos es guiar el manejo dietético-nutricional del paciente
con trastornos gastrointestinales cronicos para optimizar el proceso diagndstico y el tratamiento nutricional.

Material y métodos: tras realizar una revision bibliografica sobre las patologias mas frecuentemente asociadas a estos trastornos, se proponen
un algoritmo de pruebas y los sucesivos pasos a seguir en funcion de los resultados obtenidos, para concretar el diagnostico y el tratamiento.

Resultados: el algoritmo propuesto pretende ser una herramienta para el personal sanitario (gastroenterélogos, endocrinélogos, nutricionistas,

Palabras clave; etc.) que atiende a este tipo de paciente. Se busca guiar el flujo de pruebas diagndsticas en funcion de la informacion aportada por el paciente
Aoritno, Genéti y la clinica al inicio, asi como recomendar el tratamiento (dietético-nutricional y/o farmacoldgico) méas adecuado.

goritmo. Genetica. R - - L X L X Lo X K
Enfermedad celiaca. Conclusiones: el beneficio de utilizar un enfoque algoritmico es que este permite optimizar el proceso diagndstico de causas primarias y secun-
Intolerancia. Lactosa. darias y con ello, pautar un tratamiento nutricional personalizado considerando el origen del trastorno, a fin de paliar la intensidad y frecuencia
Fructosa. de los sintomas con la menor cantidad de restricciones alimentarias posibles y minimizar la afeccion en la calidad de vida de los pacientes.
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Abstract

Introduction and objective: chronic gastrointestinal disorders such as celiac disease and lactose or fructose intolerance in adulthood are
becoming more frequent and are usually accompanied by symptoms that affect daily activities and greatly limit diet. The spectrum of symptoms
manifested by those affected is heterogeneous and not very specific; in addition, there is no standardized and agreed protocol for dietary man-
agement, which makes a correct diagnosis and effective treatment difficult. Disorders related to malabsorption/food intolerance can originate from
primary (genetic) or secondary causes (parasites, allergies, inflammatory bowel disease, drugs, etc.). Using genetic data makes it possible to rule
out or confirm primary causes, and when necessary, focus the search on secondary ones. The objective of this algorithmic approach is to guide
the dietary-nutritional management of the patient with chronic gastrointestinal disease to optimize the diagnostic process and nutritional treatment.

Material and methods: after a review of the literature on the pathologies most frequently associated with these disorders, a testing algorithm
is proposed and the successive steps to be followed depending on the results obtained, in order to determine the diagnosis and treatment.

Results: the proposed algorithm aims to be a tool for health personnel (gastroenterologists, endocrinologists, nutritionists, etc.) who care for
these patients. The aim is to guide the flow of diagnostic tests based on the information provided by the patient and the clinic at the beginning,
as well as to recommend the most appropriate treatment (dietary-nutritional and/or pharmacological).

Conclusions: the benefit of using an algorithmic approach is that it allows optimising the diagnostic process of primary and secondary causes,
and with this, to prescribe a personalised nutritional treatment considering the origin of the disorder, to alleviate the intensity and frequency of

Lactose. Fructose.

INTRODUCCION

Los trastornos gastrointestinales cronicos (TGIC) son patolo-
gias de dificil manejo que se manifiestan con sintomas hetero-
geéneos. Pueden ser de origen funcional y/u organico y presentan
un curso cronico de remision-recaida, por lo que tienen un im-
pacto significativo en la calidad de vida del paciente y represen-
tan una importante carga econdmica para los sistemas de salud
(1-3). En los Ultimos afos, debido a cambios en el estilo de vida,
la alimentacion y los intereses de la industria, se ha producido
un incremento muy importante en las consultas por sospecha de
intolerancias alimentarias (4,5). El manejo nutricional es funda-
mental en el ambito de los TGIC, pues puede ser un factor para
mejorar la sintomatologia y calidad de vida de los pacientes; no
obstante, es importante evitar la prescripcion de dietas restric-
tivas de manera innecesaria e identificar otras causas primarias
cuando las restricciones no conducen a un mejor estado del pa-
ciente (6).

Los TGIC son patologias notablemente comunes y representan
el mayor porcentaje de consultas gastrointestinales realizadas en
Atencién Primaria y secundaria de salud (2). En poblacién adulta
a nivel mundial, el 40,3 % presenta al menos un TGIC, y en
Espafia la prevalencia es del 43,7 % (1). La presentacion clinica
de los TGIC es heterogénea; los pacientes pueden cursar con
estrefimiento, diarrea, flatulencia, distensién abdominal y me-
teorismo, entre otra amplia variedad de sintomas con distinta
intensidad y frecuencia (7). De acuerdo con el modelo biopsi-
cosocial, los TGIC son producto de la interaccion entre factores
psicosociales, fisioldgicos, genéticos, culturales y ambientales,
los cuales influyen en la presentacion clinica de estos trastornos,
es decir, la aparicion y persistencia de los sintomas, la severidad
y el resultado clinico en cuanto a calidad de vida, el ausentis-
mo laboral, los costes y la utilizacion de los servicios sanitarios
(7,8). Entre los factores de riesgo para el desarrollo de TGIC se
encuentra la inflamacion (9), pues cualquier afeccion intercu-
rrente que curse con inflamacion de la mucosa intestinal, como
infecciones, alergias alimentarias, enfermedades inflamatorias o
alteraciones en la microbiota intestinal, puede producir una sen-
sibilizacion de los nervios aferentes y predisponer al desarrollo

the symptoms with the least amount of dietary restrictions possible and minimise the impact on the quality of life of the patients.

de hipersensibilidad visceral (8,9), asi como llevar asociado un
aumento de la permeabilidad intestinal con pérdida de funcion
barrera (4). Esta alteracion puede manifestarse como trastornos
funcionales de dolor abdominal y, en algunos casos, puede ir
acompafada de otros sintomas gastrointestinales como altera-
cion del ritmo deposicional e intolerancias alimentarias transito-
rias, entre otros (8,9).

Dentro de los TGIC podemos tratar con trastornos funcionales
gastrointestinales (TFGI), presentes por si solos 0 en combina-
cion con patologias organicas (10). Se ha visto que ciertos tras-
tornos funcionales de dolor abdominal pueden estar combinados
con entidades como la enfermedad celiaca (EC) y la enfermedad
inflamatoria intestinal (Ell) y que pueden acompaiarse de otros
trastornos digestivos como la intolerancia a la lactosa (L) (9,10).
En algunos trastornos, como el dolor abdominal cronico (DAC),
las causas son no organicas en el 85-95 % de los casos, pero el
5-15% de los casos tiene un origen organico identificable (8), es
decir, al menos para un porcentaje de estos pacientes podriamos
encontrar una posible respuesta que guie el tratamiento y que
potencialmente podria mejorar su calidad de vida.

En el origen de las posibles causas de los TGIC pueden iden-
tificarse causas primarias y secundarias. Dentro de las posibles
causas primarias, encontramos enfermedades con base genéti-
ca como la EC y la hipolactasia primaria, cuyos sintomas facil-
mente se confunden con otros problemas de tubo digestivo (10).

La EC es una enteropatia inflamatoria de origen autoinmune
resultado de la interaccion entre el gluten y factores inmuno-
l6gicos, genéticos y ambientales (11,12). Se produce dafio en
el intestino delgado, caracterizado por infiltracion de células in-
flamatorias cronicas en la lamina propia y el epitelio, y atrofia
vellositaria, lo que puede tener un impacto a nivel intestinal que,
dentro de las consecuencias, se manifieste como intolerancia a
los carbohidratos (11). Cada vez es mas frecuente su diagndstico
en la edad adulta, con formas menos sintomaticas, con sintomas
digestivos inespecificos y manifestaciones extraintestinales que
podrian confundirse con otro tipo de alteraciones gastrointesti-
nales (12). De hecho, el 20-50 % de los pacientes con EC cum-
ple con los criterios Roma para sindrome de intestino irritable
(Sll), pues algunos sintomas pueden parecerse a los de la EC,

[Nutr Hosp 2023;40(5):1017-1024]
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como el dolor abdominal y la diarrea, que estan presentes fre-
cuentemente en pacientes con ambas condiciones (9,11).

De manera similar, la IL también presenta manifestaciones
clinicas heterogéneas similares a las de otras entidades como
la EC, el sindrome de sobrecrecimiento bacteriano (SIBO) o el
Sl (10,13). Una persona presenta digestion deficiente de lactosa
solo cuando existe evidencia de incapacidad funcional de la en-
zima lactasa para hidrolizar lactosa y convertirla en glucosa y ga-
lactosa (10). En los humanos, la produccion de la enzima lactasa
se reduce al 10 % de los niveles neonatales y solo el 25-30 % de
la poblacion es capaz de digerir la lactosa en la edad adulta (13).
La hipolactasia 0 malabsorcion de lactosa es primaria cuando
existe una alteracion genética a nivel del gen MCM6 encargado
de codificacion y sintesis de la enzima lactasa que provoca una
pérdida temprana de su actividad. Sin embargo, el mecanismo
fisiopatologico de la absorcion deficiente de lactosa en el intesti-
no puede también ser secundario a otras enteropatias o coexistir
con otras enfermedades intestinales, 1o cual en algunos casos
puede complicar el diagndstico y tratamiento (10).

Respecto a las posibles causas secundarias para el desarrollo
de TGIC, identificamos algunos factores ambientales, como pue-
den ser la alimentacion y las infecciones por microorganismos,
dentro de las cuales se incluyen las parasitosis. Se registra que
mas del 10 % de los adultos y aproximadamente el 36 % de
los nifios con enteritis infecciosa aguda desarrollan trastornos
funcionales con dolor abdominal que pueden durar varios anos
(9). Los parasitos intestinales podrian estar relacionados con los
TGIC debido a una reactividad intestinal alterada en respuesta a
estimulos psicoldgicos o luminales como agentes infecciosos o
alimentos (6,14). Las enteroparasitosis afectan a la estructura
y el ambiente intestinal generando sintomatologia en pacientes
susceptibles, y podrian llegar a desencadenar, agravar o con-
fundirse con TGIC (15). Adicionalmente, las enteritis infecciosas,
tanto bacterianas (Shigella sonnei) como virales (norovirus) o
protozoarias (Giardia intestinalis [G. intestinalis], Cryptosporidi-
dum spp.), son un factor de riesgo para el desarrollo de SlI post-
infeccioso (9,16). Ademas, otros autores afirman una correlacion
positiva entre dispepsia, malabsorcion/intolerancia a carbohidra-
tos entre otras patologias y las parasitosis intestinales, de las
cuales destaca G. intestinalis (6).

Por otro lado, cada vez es mayor la evidencia de que la die-
ta contribuye a los sintomas funcionales digestivos, siendo 10s
nutrientes con mayor efecto sobre el tracto digestivo grasas,
carbohidratos y fibras. En las Ultimas décadas, el consumo de
alimentos ultraprocesados (UPF) ha aumentado sustancialmente,
sobre todo en paises occidentales, donde representan un alto
porcentaje de la dieta. Los UPF se caracterizan por tener una alta
densidad de 4cidos grasos saturados, aztcar y sodio y un bajo
contenido de otros nutrientes como las fibras y las proteinas.
Una dieta basada en este tipo de productos podria contribuir a
la induccion o exacerbacion de los sintomas digestivos y, ade-
mas, privar a los individuos de gozar de los beneficios de otros
nutrientes favorables para el intestino como son algunos tipos de
fibra (4). Tanto es asi que la combinacion de una parasitosis no
diagnosticada que podria alterar la absorcion de carbohidratos,

[Nutr Hosp 2023;40(5):1017-1024]

acompafada de una dieta alta en UPF ricos en carbohidratos
simples, podria generar sintomas gastrointestinales.

Esta revision y propuesta tiene por objetivo establecer los be-
neficios de utilizar un algoritmo de pruebas recomendadas para
el manejo dietético-nutricional (DN) del paciente con TGIC. El be-
neficio de utilizar un enfoque algoritmico para guiar el manejo DN
del enfermo/a con TGIC es que nos permitira optimizar el proce-
S0 diagnostico y pautar un tratamiento nutricional considerando
el origen del trastorno y sus efectos secundarios para paliar la
intensidad y frecuencia de los sintomas con la menor cantidad
de restricciones alimentarias posibles y mejorar la calidad de
vida de los pacientes.

MATERIAL Y METODOS

Para definir el algoritmo propuesto, se realizd una revision
bibliografica con el objetivo de valorar e identificar informacion
respecto al origen y manejo de los TGIC. Se efectu¢ la bsqueda
de documentos en diversas bases de datos cientificas (Scopus,
Medline, SciencieDirect, WoS), utilizando palabras clave adapta-
das segun la informacion requerida. La busqueda priorizd, pero
no se limitd, a documentos a partir de 2018, entre ellos, revisio-
nes sistematicas, metaanalisis, guias de practica clinica y tesis
doctorales, tanto en espafiol como en inglés.

Se realizd una busqueda cruzada de los siguientes términos
en espafiol y su traduccion en inglés: “trastorno cronico gastroin-
testinal”, “trastorno funcional gastrointestinal”, “dolor abdominal

» oo« » oo« "o noow

cronico”, “parasitos”, “intolerancia”, “malabsorcion”, “fructosa,
lactosa”, “enfermedad celiaca y dieta”, “sintomas”, “pruebas
diagnosticas”, “manejo”, “tratamiento”, “origen”, “organico”,
“genética”.

Se seleccionaron los articulos con mayor relevancia y, para
organizar y almacenar la informacion, se utilizo la herramienta
Mendeley, que permitid agrupar los articulos en las siguientes

categorias: TFGI, IL, intolerancia fructosa, EC y parasitos.

RESULTADOS

El algoritmo propuesto (Fig. 1) se aplica a personas que pre-
sentan sintomas gastrointestinales cronicos cuya etiologia no
ha sido identificada. En primer lugar, se realizan las pruebas
que podrian estar relacionadas con causas secundarias del
TGIC, el SIBO y la intolerancia/malabsorcién de carbohidratos.
Las pruebas de aire espirado se acompafian de un analisis con
PCR a tiempo real para determinar la presencia de parasitos en
heces y una analitica complementaria que incluya marcadores
de malabsorcion intestinal, inflamacion e infeccion y marcado-
res de EC.

La primera prueba es la de SIBO. Cuando esta prueba de aire
espirado, realizada con glucosa, es positiva, se administra anti-
bidtico junto con el tratamiento antiparasitario en caso de que
estos hayan sido identificados. El tratamiento farmacoldgico se
acompafia de terapia DN, prescribiendo una guia de alimentacion
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Figura 1.

Algoritmo de pruebas recomendadas para el manejo dietético-nutricional del paciente con trastornos gastrointestinales cronicos. *Marcadores de malabsorcion intestinal,
infeccion/inflamacion, EC; hemograma, bioguimica, vitaminas y minerales; IgA total; IGA anti-transglutaminasa tisular; IgE total.
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basada en la dieta FODMAP (del inglés Fermentable, Oligosac-
charides, Disaccharides, Monnosacharides and Polyols) durante
6-8 semanas. Una vez terminado el tratamiento farmacoldgico,
se verifica la erradicacion de la parasitosis y/o SIBO repitiendo
las pruebas y, de acuerdo con el umbral de tolerancia y la evolu-
cion de los pacientes, se reintroducen alimentos progresivamen-
te por medio de educacion alimentaria.

Cuando la prueba de SIBO es negativa, el siguiente paso
es realizar pruebas de aire espirado para intolerancia a lacto-
sa y fructosa. Si el resultado de las pruebas de intolerancia es
positivo, se requieren tratamiento DN especifico para tratar la
sintomatologia y tratamiento farmacoldgico en caso de que se
identifiquen parasitos.

En caso de que no exista presencia de parasitos asociados
con las intolerancias o si directamente son descartadas las po-
sibles causas secundarias por medio de pruebas negativas de
intolerancia/malabsorcion a lactosa y fructosa y pruebas de pa-
rasitos, el siguiente paso es explorar las posibles causas prima-
rias por medio de un estudio genético para determinar el riesgo
de desarrollar EC y lactasa no persistente (LNP).

En caso de que las pruebas genéticas sean positivas, se pres-
cribe un tratamiento DN basado en la restriccion de gluten y/o
lactosa seguin lo requiera cada paciente, acompanado de edu-
cacion alimentaria.

Finalmente, en caso de que los resultados de las pruebas de
aire espirado y de parasitos y el estudio genético sean negativos
y los sintomas del paciente persistan, se procede a solicitar otro
tipo de pruebas y andlisis a fin de buscar una explicacion del
cuadro sintomatico del paciente. Entre ellas, podemos conside-
rar: inmunoglobulina E (IgE) total, IgE especifica (trigo, proteina
de la vaca, tropomiosina, Anisakis, proteina LTP, etc.) y sensibili-
dad no celiaca al gluten, siempre acompariadas de la respectiva
educacion alimentaria y del tratamiento DN especifico cuando
Se requiera.

DISCUSION

El algoritmo propuesto abarca el uso de pruebas recomen-
dadas para el manejo DN del enfermo/a con TGIC con el fin de
optimizar el proceso diagndstico y pautar un tratamiento nutri-
cional considerando el posible origen del trastorno, que puede
ser primario 0 secundario. El objetivo es mejorar la intensidad
y frecuencia de los sintomas con la menor cantidad de restric-
ciones alimentarias posibles y, asi, mejorar la calidad de vida de
los pacientes.

En pacientes con sintomas gastrointestinales cronicos de
acuerdo con el algoritmo propuesto, primero se realiza la prueba
de SIBO y se acompafia de un analisis con PCR a tiempo real
para determinar la presencia de parasitos en heces. Fedewa y
Rao (17) recomiendan descartar la presencia de SIBO o tratarlo
primero con antibiéticos antes de poder identificar intolerancia a
fructosa en un paciente. Asi pues, en el presente estudio, cuando
la prueba de aire espirado con glucosa para SIBO es positiva, se
provee tratamiento antibidtico junto con el de parasitos, si han
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sido identificados. Este tratamiento se acompafa de terapia DN
prescribiendo una guia de alimentacion basada en la dieta FOD-
MAP durante 6-8 semanas. Una vez terminado el tratamiento
farmacoldgico, se verifica la erradicacion de la parasitosis y/o
SIBO repitiendo las pruebas y, de acuerdo con el umbral de to-
lerancia y evolucion de los pacientes, se reintroducen alimentos
progresivamente.

Grez y cols. (18) y Fedewa y Rao (17) afirman que la dieta
occidental que se consume actualmente es alta en FODMAP de
origen natural, pero también de alimentos procesados, y que
afecta cada vez a mayor porcentaje de la poblacion. Baranguan
Castro y cols. (19) coinciden en que el cambio ocurrido en los
habitos alimentarios ha aumentado el consumo de alimentos
ricos en FODMAP, entre ellos, la fructosa y los fructanos prove-
nientes del trigo, y alimentos procesados derivados, asi como un
aumento en el consumo de polioles (edulcorantes) provenientes
de productos denominados dietéticos, bajos o sin aztcar. Por lo
antes mencionado, un eje transversal para todos los tratamientos
dietéticos-nutricionales de este estudio es la educacion alimen-
taria para mejorar la calidad de los alimentos consumidos por 10s
pacientes y los sintomas que presentan.

Cuando la prueba de SIBO es negativa, el siguiente paso es
realizar pruebas de aire espirado para intolerancia a lactosa y
fructosa, las cuales utilizan el aire expirado de productos pro-
ducidos por la fermentacion intestinal alterada de carbohidratos
que no han sido absorbidos (para el presente estudio, la lactosa
y la fructosa) (5). Se utilizan los valores tanto de hidrégeno como
de metano porque el resultado es mas preciso (14). De acuerdo
con estudios previos, estas pruebas son la mejor herramienta
disponible para diagnosticar intolerancia y malabsorcion de car-
bohidratos, dado que se obtiene un diagndstico objetivo y claro
que evita la prescripcion de dietas restrictivas de manera inne-
cesaria (17). Cuando el resultado de las pruebas es positivo, se
requiere tratamiento DN especifico para tratar la sintomatologia.

En caso de intolerancia a la fructosa, se recomienda que 10s
pacientes pasen por una fase inicial en la cual se reduce o eli-
mina de la dieta el nutriente que se presume es responsable de
la intolerancia, seguida de una fase que consiste en reintroducir
gradualmente distintos alimentos de acuerdo con la tolerancia
de los pacientes (17). No obstante, para el tratamiento de intole-
rancia a la lactosa, Szilagyi e Ishayek (14) indican que la mayor
parte de personas puede tolerar hasta 12-15 g/lactosa/dia y que
ya no se recomienda la eliminacion total de lactosa de la dieta,
sino un aporte restringido.

Aguilar menciona que el uso de pruebas de aire espirado per-
mite detectar intolerancias (lactosa y fructosa) y diferenciar de
SIBO (5). No obstante, este autor considera que el “gold stan-
dard” para diagnosticar una intolerancia alimentaria se establece
cuando se elimina o reduce el aporte de estos carbohidratos en
la dieta, seguido de la reaparicion de sintomas cuando se rein-
troducen los mismos. Putkonen y cols. (20) mencionan, ademas,
que utilizar fructosa pura durante estas pruebas no se asemeja al
consumo real de este nutriente, pues usualmente se encuentra
junto a otros carbohidratos en los alimentos. Otros autores, entre
ellos Hidalgo (8), también mencionan que para tratar un TGIC
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como el DAC, una estrategia puede ser disminuir la cantidad
ingerida de alimentos ricos en fructosa. No obstante, sin negar
que la restriccion de fructosa puede aliviar los sintomas, indica
que esta restriccion podria tener un impacto negativo a nivel de
la microbiota colénica (20). Adicionalmente, Trelis y cols. (6) ex-
plican que este tipo de dietas restrictivas, especialmente a largo
plazo, limitan la variedad de alimentos ingeridos y repercuten en
el estado de salud y la calidad de vida de los pacientes.

La intolerancia y la malabsorcién de fructosa no son identi-
ficadas en algunos casos y los sintomas del paciente, por su
similitud, se atribuyen al Sll (17). Varios autores afirman que, en
muchos casos, la sintomatologia heterogénea de diferentes TGIC
puede ser similar entre varias patologias, y es asi como la IL,
que ademas esta sobrediagnosticada, puede confundirse con
EC, mientras que los sintomas del Sll pueden parecerse a los
de la EC (9-11,14). Ademas, en muchos casos la etiologia de
los sintomas es una combinacion de varios factores y los TGIC
pueden estar presentes por si solos, pero también en conjunto
con patologias organicas (9). Martinez y Nogueira (10) explican
en su estudio que el mecanismo fisiopatoldgico de la absorcion
deficiente de lactosa en el intestino puede ser secundario a otras
patologias del tracto digestivo que también pueden coexistir en-
tre ellas, lo cual puede complicar el diagndstico y el tratamiento.

Forsgard menciona en su estudio ensayos clinicos en los cua-
les los sujetos que afirman ser intolerantes a la lactosa no son
capaces de distinguir cuando reciben placebos, lo que sugiere
que algunos sujetos atribuyen sus sintomas de manera equi-
vocada al consumo de lactosa y la eliminan de su dieta sin ser
la responsable de los sintomas (13). Adicionalmente, Van Lanen
y cols. indican que muchos pacientes realizan dietas de elimi-
nacion, sobre todo de lactosa y gluten, sin mostrar una mejora
notable de los sintomas, y estas no son recomendables cuando
no estan presentes la EC o una intolerancia a la lactosa o gluten
confirmadas (21).

En la presente revision y propuesta, se recalca la importancia
de indagar si el origen de dichas intolerancias es primario (ge-
nético) o secundario (parasitos, alergias, Ell, SlI, SIBO, farmacos,
etc.) para poder brindar un tratamiento eficaz y evitar el riesgo
de prescribir dietas restrictivas de manera innecesaria. En el arti-
culo de Trelis y cols. se sugiere indagar otras causas, entre ellas,
parasitosis no diagnosticadas, cuando el manejo dietético me-
diante restriccidn de azticares no ha dado resultado para pacien-
tes diagnosticados con malabsorcion (6). El presente algoritmo
recomienda acompanar las pruebas de aire espirado con prue-
bas de parasitos intestinales y una analitica complementaria que
nos permita identificar marcadores de malabsorcion intestinal,
inflamacion e infeccion y marcadores de EC. La determinacion
de anticuerpos anti-transglutaminasa de clase IgA (ATGt-IgA) es
usualmente el método seroldgico de eleccion para el diagndstico
y seguimiento de estos pacientes, puesto que tiene un elevado
valor predictivo, alta sensibilidad y alta especificidad (8).

Por otro lado, los pardsitos intestinales, dentro de los cuales
destaca G. intestinalis, podrian estar relacionados con los TGIC
debido a una reactividad intestinal alterada en respuesta a esti-
mulos psicoldgicos o luminales, entre ellos, agentes infecciosos
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como los parasitos 0 alimentos. La infeccion por parasitos como
G. intestinalis puede producir dolor recidivante e ir acompafada
de diarrea e intolerancia secundaria y transitoria a la lactosa (8)
y también a la fructosa (6). Como mencionan Ozaki y cols. (22),
la malabsorcion de fructosa es una causa de dolor abdominal en
adultos y puede también ser el detonante de episodios de dolor
abdominal en pacientes con TFGI. Hidalgo y Molina (8) mencio-
nan que TGIC como el DAC tienen un mayor riesgo de desa-
rrollarse por SIBO después de una infeccidn gastrointestinal de
origen bacteriano, por la toma de antibidticos o por llevar dietas
muy ricas en hidratos de carbono no digeridos, entre ellos, fruc-
tosa y sorbitol. El contenido elevado de este tipo de carbohidratos
fermentables coincide también con lo descrito por Baranguan
y cols. (19) respecto a su alto contenido en la dieta occidental
actual. Por lo tanto, varios autores coinciden en que existen nu-
merosos factores que podrian interactuar entre si y empeorar la
condicion de los pacientes, por lo que se considera importante
descartar las posibles causas que se pueda identificar y profun-
dizar en otras.

Respecto a la intolerancia a carbohidratos por causas secun-
darias, Trelis y cols. (6) explican que en algunos casos la malab-
sorcion de carbohidratos puede pasar de ser considerada una
condicién crénica a una patologia con tratamiento especifico,
con lo cual, al curar la infeccion parasitaria que puede no estar
diagnosticada se revierte la malabsorcion secundaria provocada
por el pardsito. Por otro lado, Martinez y Nogueira (10) explican
que un paciente puede presentar hipolactasia secundaria debido
a enfermedades gastrointestinales, sin embargo, cuando existe
predisposicion genética de intolerancia a la lactosa, un dafio en
la mucosa podria causar hipolactasia de manera permanente.
Frente a ello, los autores (10) mencionan que las pruebas ge-
néticas para LNP permiten distinguir la intolerancia a la lactosa
primaria de una alteracién en la mucosa intestinal que provoca
déficit temporal de la enzima lactasa.

Por otro lado, eliminar la lactosa de manera innecesaria po-
dria empeorar los sintomas de intolerancia a este carbohidrato
al alterar la microbiota intestinal de pacientes con deficiencia
de lactosa. Forsgard (13) recomienda mantener el consumo de
lactosa de acuerdo con la tolerancia de los pacientes a pesar
de su predisposicion genética. Su teoria explica que el consumo
de lactosa promueve una adaptacion coldnica de las bacterias
intestinales, que al aumentar y mejorar la metabolizacion de
este carbohidrato reducen los sintomas intestinales propios
de la intolerancia. Por lo tanto, es posible mantener la lacto-
sa como parte de la dieta de los pacientes de acuerdo con su
umbral de tolerancia y respetando su deseo de introducirla o
no. Esto es asi especialmente en pacientes con predisposicion
genética de lactasa persistente (LP) en los cuales se ha identifi-
cado y resuelto la causa primaria de inflamacion y alteracion de
la mucosa intestinal.

Una vez descartadas las posibles causas secundarias (0 de
manera paralela, si es posible, para optimizar el tiempo de aten-
cion y tratamiento al paciente), el siguiente paso de acuerdo con
el algoritmo es explorar las causas primarias y realizar un estudio
genético que permita pautar un tratamiento DN adecuado a largo
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plazo a fin de descartar otras posibles causas del TGIC y, sobre
todo, evitar dietas altamente restrictivas de manera permanente
cuando no son necesarias, entre ellas, la dieta libre de gluten
y/0 lactosa.

Practicamente todas las personas que presentan EC poseen
en su genoma al menos uno de los genes asociados con esta
patologia, HLA DQ2 y HLA DQ8. Por ello, las pruebas genéticas
cumplen con la funcién de descartar la posibilidad de desarrollar
EC en caso negativo, pero en caso positivo solo indican pre-
disposicion genética de EC sin arrojar un diagnastico definitivo.
Las pruebas genéticas tienen la ventaja de ser efectivas inde-
pendientemente de factores externos como la ingesta de gluten,
parasitosis 0 patologias concomitantes como el SIl (11). Sierra et
al. (12) indican que la ausencia de predisposicidn genética para
desarrollar EC excluye con una alta probabilidad el diagnéstico
de esta patologia, lo cual permite centrarse en buscar otras al-
teraciones gastrointestinales que pueden presentarse con sin-
tomas similares. Ademas, la EC se presenta cada vez mas con
sintomas digestivos inespecificos y formas menos sintométicas,
e incluso a través de manifestaciones extraintestinales, por lo
que poder descartarla ya es un paso hacia adelante. En el caso
de pacientes no diagnosticados con EC, encontrar el origen de
una intolerancia secundaria no solo solucionaria la sintomatolo-
gia del paciente, sino que permitiria identificar una patologia de
base no diagnosticada y descartar situaciones inmunomediadas
potencialmente graves, como la EC o algunos casos de alergias
alimentarias (5). Por lo antes mencionado, es importante enten-
der el origen para pautar un tratamiento DN adecuado. En casos
como el de la EC, la dieta libre de gluten tendra que ser de por
vida, pues actualmente el Unico tratamiento efectivo para EC es
la eliminacion total del gluten en la dieta (8,11,12, 23), para lo
cual es conveniente tener mayor certeza antes de pautar dietas
restrictivas que puedan alterar el estilo de alimentacion de los
pacientes.

Finalmente, en caso de que los resultados de las pruebas de
aire espirado y parasitos y el estudio genético sean negativos, se
procede a solicitar otro tipo de pruebas y analisis a fin de identifi-
car causas menos frecuentes del cuadro sintomatico del pacien-
te. Entre ellas, podemos considerar IgE total, IgE especifica (trigo,
proteina de la vaca, tropomiosina, Anisakis, proteina LTP, etc.) y
sensibilidad no celiaca al gluten, siempre acompafnadas de la
respectiva educacion alimentaria y del tratamiento DN especifico
cuando se requiera.

Como se mencion¢ al inicio de la discusion, la educacion ali-
mentaria para mejorar la calidad de la dieta de todos los pa-
cientes es un eje transversal en este algoritmo. Los nutrientes
mas comunmente asociados con los TGIC y sus sintomas son
fibras, grasas y carbohidratos. Los resultados del trabajo de
Schnabel y cols. (4), consistentes con otros estudios, muestran
que en la dieta actual ha aumentado el consumo de alimentos
ultraprocesados junto con la ingesta total de energia, consumo
de grasas saturadas, carbohidratos y sodio, mientras que a su
vez ha disminuido el contenido de fibra en la dieta. Por su parte,
Grez y cols. (18) mencionan que el alto contenido de FODMAP
en la dieta occidental actual en forma de jarabes y edulcorantes,
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junto con el bajo aporte de fibra, son factores que contribuyen a
desarrollar y/o agravar los sintomas Gl que afectan cada vez a
mayor poblacion.

CONCLUSIONES

Utilizar pruebas genéticas, analizar la presencia de parasitos
y SIBO, asi como evaluar la tolerancia de ciertos carbohidratos
como la lactosa o la fructosa permiten no solo paliar los sinto-
mas, sino tratar también el origen y ser mas especificos en cuan-
to a las recomendaciones, de manera que el DN pueda tener
una guia para valorar en qué casos se deberia considerar 0 no
la reintroduccion de ciertos grupos de alimentos y evitar posibles
restricciones permanentes.

Para el manejo de cualquier patologia, primaria 0 secundaria,
es indispensable analizar la calidad de la dieta del paciente y sus
habitos alimentarios y proveer educacion alimentaria para for-
talecer y/o0 establecer las bases de una alimentacion saludable.

Respecto a las dietas restrictivas, tanto la dieta FODMAP como
la dieta baja en fructosa deben seguirse durante un periodo de
tiempo limitado y ser supervisadas por una nutricionista o perso-
nal sanitario especializado que facilite la reintroduccion gradual
de alimentos variados en la dieta del paciente.

Por otro lado, en dietas como la libre de gluten o lactosa se
debe recalcar la importancia de seguirlas de manera estricta y
ofrecer alternativas a los pacientes para que puedan llevar dietas
igualmente variadas, equilibradas y que se adapten a su estilo de
vida y alimentacion.

Teniendo en cuenta el deterioro de la calidad en la alimen-
tacion de nuestra sociedad actual, ensefiar a los pacientes a
mantener una alimentacion saludable y variada es fundamental,
tanto para el control de sintomas como para la prevencion de
patologias a mediano y largo plazo.

Una de las limitaciones de esta investigacion es la escasez de
estudios prospectivos de casos control que evalten la utilidad de
las distintas estrategias diagnosticas-terapéuticas. Es necesario
realizar este tipo de trabajo para mejorar la eficacia y calidad del
tratamiento que requieren los pacientes.
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Abstract

Introduction: dysphagia is a common complication of stroke, and serum albumin is widely recognized as a strong prognostic marker of health
and/or disease status. However, the correlation between dysphagia and serum albumin levels has not been established.

Objectives: to observe the correlation between dysphagia and serum albumin levels and prognosis in patients with stroke.

Methods: we performed a retrospective study of patients hospitalized between June 1, 2018, and June 1, 2022. A total of 1,370 patients were
enrolled. The patients were divided into two groups: dysphagia and non-dysphagia. Binary logistic regression and multiple linear regression
models were used to analyze the correlation between dysphagia, albumin, modified Rankin Scale (mRS), activities of daily living (ADL), and
length of hospital stay (LOS).

Results: after adjusting for confounding factors, the risk of pneumonia in the dysphagia group was 2.417 times higher than that in the non-dys-

phagia group (OR = 2.417, 95 % ClI: 1.902-3.072, p = 0.000). The risk of mRS > 3 and modified Barthel index (MBI) < 60 in patients with

dysphagia was 3.272-fold (OR = 3.272, 95 % Cl: 2.508-4.269, p < 0.001) and 1.670-fold (OR = 1.670, 95 % Cl: 1.230-2.268, p < 0.001),

respectively; and the risk of hypoproteinemia was 2.533 times higher (OR = 2.533, 95 % Cl: 1.879-3.414, p=0.000). Stepwise linear regression
Keywords: showed that dysphagia was significantly correlated with lower albumin levels and higher mRS, lower ADL, and longer LOS in patients with stroke
Dysphagia. Stroke. Serum (B=-0.220, 8 =0.265, 3 =-0.210, and B = 0.147, respectively; p < 0.001).

albumin. Prognosis. Conclusions: dysphagia in patients with stroke is associated with decreased albumin levels and has an impact on its prognosis.
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Resumen

Introduccion: la disfagia es una complicacion comdn del accidente cerebrovascular, y la alblimina sérica es ampliamente reconocida como un
fuerte marcador pronostico del estado de salud y/o enfermedad. Sin embargo, no se ha establecido la correlacion entre la disfagia y los niveles
de albimina sérica.

Objetivos: observar la correlacion entre la disfagia y los niveles de alblimina sérica y el prondstico en pacientes con accidente cerebrovascular.

Métodos: realizamos un estudio retrospectivo de pacientes hospitalizados entre el 1 de junio de 2018y el 1 de junio de 2022. Se inscribieron un
total de 1.370 pacientes, los cuales fueron divididos en dos grupos: con disfagia y sin disfagia. Se utilizaron modelos de regresion logistica binaria
y de regresion lineal multiple para analizar la correlacion entre la disfagia, la albtimina, la escala de Rankin modificada (ERm), las actividades de
la vida diaria (AVD) y el tiempo de estancia hospitalaria (TEH).

Resultados: después de ajustar por factores de confusion, el riesgo de neumonia en el grupo de disfagia fue 2,417 veces mayor que en el grupo
sin disfagia (OR = 2,417, 1C 95 %: 1,902-3,072, p = 0,000). El riesgo de ERm > 3y el indice de Barthel modificado (MBI) < 60 en pacientes con
disfagia se multiplicé por 3,272 veces (OR = 3,272, IC 95 %: 2,508-4,269, p < 0,001) y 1,670 veces (OR = 1,670, IC 95 %: 1,230-2,268, p <
0,001), respectivamente; el riesgo de hipoproteinemia fue 2,533 veces mayor (OR = 2,533, IC 95 %: 1,879-3,414, p=0,000). La regresion lineal
por pasos mostrd que la disfagia se correlacion6 significativamente con niveles més bajos de albtimina y ERm més altos, AVD mas bajos y TEH
mas prolongados en pacientes con accidente cerebrovascular (B = -0,220, B = 0,265, B = -0,210y B = 0,147, respectivamente; p < 0,001).

Conclusiones: la disfagia en pacientes con accidente cerebrovascular se asocia a una disminucion de los niveles de albimina y repercute en

sérica. Prondstico. Su pronéstico.

INTRODUCTION

Stroke is currently the second leading cause of human death,
and motor dysfunction after stroke is the third leading cause of
disability. Stroke affects approximately 25 % of the world’s pop-
ulation, and patients often suffer from limb dysfunction, cognitive
impairment, aphasia, sensory dysfunction, dysphagia, and other
complications (1). The prevalence of dysphagia in stroke patients
is approximately 8.1-80 % (2). Dysphagia often leads to seri-
ous complications. Studies have found that stroke patients with
dysphagia have a 4- to 13-fold increased risk of death during
hospitalization (2,3). Low serum albumin level is often considered
as a marker of malnutrition. Low albumin is also strongly associ-
ated with adverse outcomes and death, and is widely recognized
as a strong prognostic marker for health and/or disease states
(4-6). The correlation between dysphagia and serum albumin
levels has not been reported. Understanding the prognostic fac-
tors affecting stroke is of great significance for determining the
rehabilitation goals of patients with stroke and formulating the
best treatment plan. Therefore, we aimed to conduct a retro-
spective analysis of 1,370 patients with stroke and explore the
complex relationship between dysphagia, serum albumin levels,
and prognosis during hospitalization.

MATERIAL AND METHODS

RESEARCH OBJECTIVE AND DESIGN

Our study was designed retrospectively and included stroke
patients diagnosed at the Rehabilitation Department of Weifang
People’s Hospital, Affiliated Hospital of Weifang Medical Univer-
sity, and Weifang Brain Hospital from June 1, 2018, to June 1,
2022. All patients met the diagnostic criteria of the “Chinese
Guidelines for Diagnosis and Treatment of Acute Ischemic stroke
2018” (7). Patients were diagnosed with stroke using comput-
ed tomography (CT) or magnetic resonance imaging (MRI), with
International Classification of Diseases codes 169 or 163. The in-

clusion criteria were as follows: no history of dysphagia or health
conditions affecting swallowing and stable vital signs. Patients
with a history of transient ischemic attack and subarachnoid
hemorrhage were excluded because the hemorrhage in the
subarachnoid space did not result in parenchymal hemorrhage.
Patients hospitalized for > 180 days and those with missing data
were excluded.

RESEARCH METHOD

Data collection was conducted by five researchers who under-
went unified training and pre-collection. The hospital database
was searched to obtain baseline patient data, including age, sex,
type of health insurance (basic medical insurance for urban res-
idents, urban employee basic medical insurance, or self-paying),
type of stroke (supratentorial, infratentorial, or supratentorial +
infratentorial), site of lesion, and Charlson Comorbidity Index
(CCl). The CCl is a comorbidity scoring system based on the
number and severity of diseases in patients that can effectively
predict the risk of death from disease and is widely used in clin-
ical practice (8).

OUTCOME

Given that previous studies used questionnaire screening or
clinical bedside swallowing assessments, the actual incidence
of dysphagia may have been underestimated. Video fluoroscop-
ic swallowing study (VFSS), the gold standard for determining
dysphagia, was used in this study to ensure the accuracy of the
incidence of dysphagia. Dysphagia was diagnosed when patients
had difficulty swallowing fluids or food, and a VFSS confirmed
dysphagia in conscious patients with stable vital signs (9).

Serum total protein concentration 24 hours after admission
to the Rehabilitation Department was the primary measurement
used in this study. Blood samples were collected via brachial ve-
nipuncture, centrifuged, and sent to the laboratory for analysis.
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Serum albumin concentration was measured once a week, and
the mean value of serum albumin during hospitalization was re-
corded.

Modified Rankin Scale (mRS), activities of daily living (ADL),
and length of hospital stay (LOS) were recorded at discharge. The
mRS measures patients’ neurological recovery following stroke,
with a total score of 0-5, and an mRS score > 3 indicates poor
functional recovery (10). ADL was assessed using a modified
Barthel index (MBI) scale to assess patients’ ability to perform
ADL. ADL < 60 indicates that patients cannot live independently
and need to rely on others (11).

STATISTICAL ANALYSIS

We built the database using Microsoft Excel (version 17.0; Mi-
crosoft, Redmond, WA), and SPSS (version 16.0; IBM, Armonk,
NY, USA) was used for data analysis. If measurement data con-
formed to normal distribution and homogeneity of variance, the
t-test was used for comparison; if there was no accordance with
normal distribution, the Mann-Whitney U test was used. Enumer-
ation data were represented by the number of cases and per-
centages, and preliminary crosstabs were evaluated using the
Chi-squared test or Fisher’s exact test. Logistic regression and
multiple linear regression models were employed to analyze the
correlation between dysphagia and mRS, ADL, LOS, and hypo-
proteinemia. Odds ratios (ORs) and corresponding 95 % confi-
dence intervals (Cls) were calculated. To avoid the influence of
insignificant independent variables on the regression equation,
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the stepped-multiple linear regression method was used to ana-
lyze the correlation between measurement data and dysphagia.

STANDARD PROTOCOL APPROVAL,
REGISTRATION, AND PATIENT CONSENT

This study was approved by the Ethics Committee of the Wei-
fang Medical University (2022YX056). Because the study was
retrospective and the extracted data did not involve patient priva-
cy or sensitive information, the requirement for informed consent
was waived.

RESULTS

A total of 1,370 patients were included in the study after ex-
cluding those with missing data and those who did not meet
the inclusion criteria. The included patients had a mean age of
59.08 + 2.121 years and comprised 903 men (65.91 %) and
467 women (34.09 %). Among them, 610 (44.52 %) and 760
(55.48 %) had hemorrhagic stroke and ischemic stroke, respec-
tively. Of the 1,370 patients included in the study, 499 (36.42 %)
had dysphagia. There were significant differences in age, lesion
location, and CCl between the patients with and without dyspha-
gia (p < 0.05). The median length of hospitalization was 26 days.
Patient characteristics are presented in table I. Figure 1 shows
the distribution of serum albumin, mRS, ADL, and length of hos-
pital stay data between the two groups.

Table I. Comparison of baseline characteristics of patients

[Nutr Hosp 2023;40(5):1025-1032]

Non-dysphagia . -
Total g:’o':)p 9 Dysphagia group | Statistics p
Age (vears) 59.08 +2.121 56.79 + 12.544 61.63 +10.161 t=5.684 < 0.001
Sex, n (%)
Male 903 587 (42.8) 316 (23.1) X = 2.336 0.126
Female 467 284 (20.6) 183 (13.5)
Type of stroke, n (%)
Hemorrhagic 610 374 (27.3) 236 (17.2) X = 2.436 0.119
Ischemic 760 497 (36.3) 263 (19.2)
Site of lesion, n (%)
Supratentgrlal 1,097 739 (53.9) 358 (26.1) C=50518 | <0.001
Infratentorial 157 60 (4.4) 97 (7.1)
Supratentorial + infratentorial 116 72 (5.3) 44 (3.2)
Type of health insurance, n (%)
Basic medical insurance for urban residents 484 300 (21.9) 184 (13.4) ,
Urban employee basic medical insurance 824 536 (39.1) 288 (21.0) X'= 2,661 0.264
Self-paying 62 35 (2.55) 27 (2.0)
ccl 1.75 + 1.691 2.10 £ 1.801 t=2.761 0.006
(Continues on next page)
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Non-dysphagia . o
Total . Dysphagia group | Statistics p
Type of health insurance, n (%)
Myocardial infarction 11 5 (0.36) 6 (0.44) 1.573 0.210
Congestive heart failure 28 15(1.10) 13(0.99) 1.236 0.266
Peripheral vascular diseases 46 25 (1.82) 21 (1.53) 1.751 0.186
Cerebrovascular disease 581 375 (27.4) 206 (15.03) 0.408 0.561
Dementia 259 166 (12.17) 93 (6.79) 0.037 0.848
Chronic obstructive pulmonary disease 4 26 (1.90) 15(1.10) 0.000 0.983
Connective tissue disease 2 1(0.07) 1(0.07) 0.159 0.690
Peptic ulcer disease 15 8 (0.58) 7(0.51) 0.587 0.407
Mild liver disease 24 15(1.10) 9 (0.66) 0.012 0.912
Diabetes mellitus (without comorbidities) 412 267 (19.49) 145 (10.58) 0.384 0.535
Hemiplegia 1052 672 (49.05) 380 (27.74) 0.178 0.673
Moderate to severe chronic kidney disease 3 1(0.07) 2(0.14) 1.188 0.276
Diabetes mellitus (with comorbidities) 11 3(0.21) 9 (0.66) 6.190 0.013
Solid tumor, leukemia, lymphoma 0 0 0
Moderate to severe liver disease 15 76 54 (3.94) 22 (1.61) 1.942 0.163
Metastatic carcinoma 16 0 0 0
Acquired immunodeficiency syndrome 17 0 0 0
Albumin, g /I 39.76 + 3.861 40.5289 + 3.494 38.2945 + 4,129 t=-7.843 < 0.001
Total protein, g/l 65.73 + 5.432 66.5079 + 6.2754 65.6883 + 5.95155 t=-2.731 0.006
Pneumonia, n (%)
No 626 472 (75.4) 154 (24.6) x'=69.579 < 0.001
Yes 744 399 (53.6) 345 (46.4)
mRS 3.55+0.979 4.04 +0.8190 3.54 +0.910 t=7.717 < 0.001
ADL 42.42 +19.756 42.01 +18.671 34.38 +18.701 t=-5.473 < 0.001
LOS 29.39 +19.043 | 30.5518 +20.24542 | 34.1983 + 22.79865 t=2.270 0.023
CCl: Charlson Comorbidity Index; mRS. modified Rankin scale; ADL: activities of daily living; LOS: length of stay.
A 0 B 180
50 150 —
120
40—
60— l f
20— a
30
10 T T T T
Dysphagia Non-dysphagia Dysphagi phag
Figure 1.
Data distribution of serum albumin, mRS, ADL, and
Cc D LOS in the dysphagia and non-dysphagia groups.
A. Serum albumin level in the dysphagia group is
5 N v 100 lower than that in the non-dysphagia group
: | (t=-7.843, SE =-0.285,95 % Cl: -1.674, -2.79).
I <¢, ) % B. LOS in the dysphagia group is higher than that in
0 1 O < _, 60 the non-dysphagia group (t = 2.268, SE = 1.608,
& 2 95 % Cl: 6.803-0.490). C. The mRS in the dyspha-
] ' < 07 gia group is higher than that in the non-dysphagia
1 | " 20- Y group (t = 7.723, SE = 0.064, 95 % Cl: 0.625-
0.371). D. ADL in the dysphagia group is lower than
0 oyepnag g ° Oysphaga  Nomdyophagia that in the non-dysphagia group (t = -5.473,
SE =-1.393, 95 % Cl: -4.888, -10.357).
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MULTIPLE LOGISTIC REGRESSION
OF DYSPHAGIA WITH PNEUMONIA,
PROGNOSIS, AND HYPOPROTEINEMIA

After adjusting for confounding factors, the results of the Hos-
mer-Lemeshow test demonstrated that the model fit well with
the actual situation and accurately reflects the relationships
between variables. The dysphagia group exhibited a 2.417-fold
higher risk of pneumonia compared to the non-dysphagia group
(OR = 2.417, 95 % Cl: 1.902-3.072, p = 0.000). Moreover,
at discharge, patients with dysphagia had a 3.272-fold higher

1029

risk of mRS Score > 3 (OR = 3.272, 95 % ClI: 2.508-4.269,
p < 0.001) and a 1.670-fold higher risk of MBI < 60
(OR = 1.670, 95 % CI: 1.230-2.268, respectively; p < 0.001).
Additionally, the risk of hypoproteinemia was 2.533 times higher
(OR = 2.533, 95 % CI: 1.879-3.414, p = 0.000]. Furthermore,
the OR for hospitalization duration > 26 days was 1.457, with a
95 % Cl of 1.136-1.868 and a p-value of 0.003.

The relevant variables and their assignments in the logistic
regression are outlined in table I, while specific data can be
found in table Ill. The forest plot illustrating the OR is depicted
in figure 2.

Table Il. Logistic regression main variables and assignment

Variable Assignment
Age (years) 0=<59,1=60-69,2=70-79,3=80~89,4 =>90
Sex 0 =male, 1 =female
Type of stroke 0 = hemorrhagic, 1 = ischemic
Site of lesion 0 = supratentorial, 1 = infratentorial, 2 = supratentorial + infratentorial

Type of health insurance

0 = basic medical insurance for urban residents, 1 = urban employee basic medical insurance, 2 = self-paying

0 =no disease, 1 = acquired immunodeficiency syndrome; 2 = metastatic carcinoma; 3 = moderate to severe liver disease;
4 = solid tumor, leukemia, lymphoma; 5 = diabetes mellitus (with comorbidities); 6 = moderate to severe chronic kidney

CCl disease; 7 = hemiplegia; 8 = diabetes mellitus (without comorbidities); 9 = mild liver disease; 10 = peptic ulcer disease; 11 =
connective tissue disease; 12 = chronic obstructive pulmonary disease; 13 = dementia; 14 = cerebrovascular disease; 15 =
peripheral vascular diseases; 16 = congestive heart failure; 17 = myocardial infarction

Dysphagia 0 = non-dysphagia, 1 = dysphagia

Pneumonia 0 = non-pneumonia, 1 = pneumonia

mRS 0=<3,1=>3

MBI 0=>60,1=<60

CClI: Charlson Comorbidity Index; mRS: modified Rankin scale; MBI: modified Barthel index.

Table Ill. Multiple logistic regression of dysphagia with pneumonia, prognosis,

and hypoproteinemia

| B | SE | Wady | OR | 95%Cl | p

Pneumonia

Before adjustment 0.975 0.118 67.765 2.650 2.101,3.342 < 0.001

After adjustment* 0.882 0.122 52.031 2.417 1.902, 3.072 < 0.001

mRS >3
Before adjustment 1.363 0.130 110.367 3.907 3.907,5.038 < 0.001
After adjustment’ 1.186 0.136 76.357 3.272 2.508, 4.269 < 0.001
MBI < 60

Before adjustment 0.644 0.147 19.223 1.904 1.428,2.539 < 0.001

After adjustment! 0.513 0.156 10.808 1.670 1.230, 2.268 0.001
ALB < 35 g/I

Before adjustment 1.105 147 56.385 3.020 2.263, 4.030 < 0.001

After adjustment* 929 152 37.166 2.533 1.879,3.414 < 0.001

LOS > 27d
Before adjustment 0.540 0.114 22.605 1.716 1.373,2.143 < 0.001
After adjustment® 0.376 0.127 8.808 1.457 1,136, 1.868 0.003

CCl: Charlson Comorbidity Index; mRS: modified Rankin scale; MBI: modified Barthel index; LOS: length of stay; ALB: albumin. *Adjusted for confounding factors including type
of stroke (hemorrhagic) and age (380~ 89; > 90). TAdjusted for confounding factors including type of stroke (hemorrhagic), age (80-89 years), and site of lesion (Supratentorial,
Supratentorial + infratentorial). *Adjusted for confounding factors including pneumonia, age, and CCI (mild liver disease, moderate to severe chronic kidney disease, moderate to
severe liver disease). *Adjusted for confounding factors including type of stroke (hemorrhagic), age (< 59), and type of health insurance (elf-paying).

[Nutr Hosp 2023;40(5):1025-1032]
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Odds ratio(95% CI) P
LOS >27d r——o—4 1.457(1.136, 1.868) <0.001
ALB <35g/1 = : Py , 2.533(1.879, 3.414) <0.001
ADL<60 - |—.—. 1.670(1.230, 2.268) 0.001
mRS =3 o ° | 3.272(2.508, 4.269) <0.001
pneumonia - i PY 2.417(1.902, 3.072) 0.003
1 1 | 1
0 1 2 6
OR
Figure 2.

Forest plot detailing the broad range of the odds ratio in patients with dysphagia with pneumonia, their prognosis, and hypoproteinemia.

Table IV. Stepwise muiltiple linear regression to analyze the associations between
dysphagia and mRS, ADL, and LOS in patients with stroke

Non-normalized | Normalization
coefficient coefficient - . R R? VIF . R
P adjust p
B Standard Beta
error
Constant 2.433 0.145 16.772 | <0.001
mRS* ) 0627 | 039 | 1108 | 41.876 | <0.001
Dysphagia 0.540 0.053 0.265 10.128 | <0.001
Constant 64.275 2.965 21.679 | <0.001
ADL* ) 049 | 0378 | 0903 | 39.941 | <0.001
Dysphagia -8.634 1.088 -0.210 -7.937 | <0.001
Constant 22.091 1.455 15,181 | <0.001
LOSS , 0354 | 0209 |0998 | 12492 | <0.001
Dysphagia 5.808 1.099 0.147 5283 | <0.001
Constant 45.500 0.665 68.439 | <0.001
Serum albumin® Dysphagia -1.874 0.221 -0.220 -8.284 | <0.001 | 0576 | 0.386 | 1.846 | 39.826 | <0.001
Non-dysphagia

CClI: Charlson Comorbidity Index; mRS: modified Rankin scale; LOS: length of stay; ADL: activities of daily living. *The independent variable (dysphagia) had a significant
effect on the dependent variable. ' The regression equation has statistical significance. *Adjusted for confounding factors including type of stroke (hemorrhagic) and
age (80-89; > 90 years). $Adjusted for confounding factors including type of stroke (hemorrhagic), age (80-89 years), and site of lesion (supratentorial, supratentorial
+ infratentorial). "Adjusted for confounding factors including pneumonia, age, and CCI (mild liver disease, moderate to severe chronic kidney disease, and moderate to

severe liver disease).

MULTIPLE STEP LINEAR REGRESSION
ANALYSIS OF DYSPHAGIA, PROGNOSIS,
AND SERUM ALBUMIN

mRS, MBI, LOS, and serum albumin levels were utilized as
dependent variables in the multiple stepwise regression analysis.
The inclusion criteria for variables was set at p < 0.05, while
the exclusion criterion was p > 0.10. Categorical variables were
incorporated into the model as dummy variables. A multiple
stepwise linear regression model was constructed, ensuring the

absence of multicollinearity among the variables, and confirm-
ing that the residuals followed a normal distribution. Importantly,
each model’s multiple linear regression equations exhibited sta-
tistical significance (p < 0.001). Our results showed that dyspha-
gia was significantly associated with a higher mRS (3 = 0.265),
lower ADL (B =-0.210), and longer LOS (3 = 0.147, p < 0.001)
(p < 0.05). When considering serum albumin as the dependent
variable, the correlation coefficient was R = 0.576. Further, the
coefficient of determination was R? = 0.386, exceeding the
threshold of 0.3, indicating a good fit of the model. Approximate-
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ly 38.64 % of the variability in serum albumin levels could be
accounted for by the variables included in the model. In addition,
our results showed that dysphagia was significantly associated
with lower serum albumin levels (3 = -0.221, p < 0.001). In
addition to dysphagia, several other factors, namely age, pneu-
monia, mild liver disease, moderate to severe chronic kidney
disease, and moderate to severe liver disease, were identified
as contributors to the variation in serum albumin levels among
stroke patients. Further details are provided in table IV.

DISCUSSION

In this retrospective study, we reported the effects of dyspha-
gia on serum albumin levels and the prognosis of patients with
stroke. Dysphagia was associated with reduced serum albumin
levels, higher mRS, lower ADL, and longer LOS.

Serum albumin is a multifunctional protein with several import-
ant physiological functions. A serum albumin level < 35 mg/I has
long been considered as a strong prognostic marker of health
and/or disease status, and is strongly associated with short-term
death in patients (12). However, little is known about the correla-
tion between dysphagia and serum albumin levels-In this study,
albumin was used as an observational indicator, and dysphagia
was found to be significantly associated with decreased albumin
levels. Charlson comorbidities include a total of 17 diseases. The
quantification of comorbidities based on the number and severity
of the disease in the patient can be used to predict the risk of
death from the disease (13). Patients’ CCl scores were record-
ed along with their comorbidities, including 17 diseases, which
were incorporated into the regression analysis as dummy vari-
ables. In order to ensure the meaningfulness of each variable in
the regression model and to establish the independence of the
association between dysphagia and serum albumin levels from
other potential factors, a stepwise multiple near linear regression
method was employed.

This method involved the gradual introduction of variables one
by one into the model. After introducing a new variable, the previ-
ously selected variables in the regression model were individually
tested, and those found to be insignificant were eliminated. This
iterative process continued until no new variables were intro-
duced, and no existing variables were deleted, thereby ensur-
ing the meaningful inclusion of every variable in the regression
model (14).

The regression coefficient R? in this study was 0.386, indicat-
ing that 38.6 % of the variability in serum albumin levels could
be explained by the selected variables within the model. Notably,
it was observed that dysphagia, age, pneumonia, mild liver dis-
ease, moderate to severe chronic kidney disease, and moder-
ate to severe liver disease all influenced serum albumin levels
in stroke patients. These factors impact albumin concentration
through various mechanisms, including the absolute albumin
synthesis rate, partial catabolic rate, aloumin infiltration into ex-
travascular ventricle, and exogenous albumin loss (15).

[Nutr Hosp 2023;40(5):1025-1032]

Stroke patients with dysphagia often have symptoms of chok-
ing, coughing, drooling, swallowing difficulty, and pain owing to
the reduced safety and effectiveness of eating. Patients’ will-
ingness to eat is reduced, resulting in insufficient food intake.
Stroke patients with swallowing disorders have a 2.425-fold in-
creased risk of malnutrition (OR = 2.425, 95 % CI: 1.264-4.649,
p < 0.05) (16-18). Aloumin synthesis is associated with nutri-
tional intake (19). When dysphagia results in a low intake of total
calories and specific amino-acid reduction, liver parenchymal
cells cannot obtain the required nutrients for albumin synthesis,
thereby reducing albumin content in the body (4). Meanwhile,
people with dysphagia can experience accidental aspiration of
fluid, food, and saliva into the lungs, which increases the risk
of developing pneumonia. Several studies have shown that in-
flammation is an important determinant of albumin concentra-
tion. When inflammation occurs, IL-6 activates C-reactive pro-
tein (CRP) and inhibits albumin synthesis, and CRP is negatively
correlated with albumin levels (20,21). It is suggested that de-
creased serum albumin levels occur due to changes in vascu-
lar permeability induced by cytokines, leading to the diffusion
of albumin into the extravascular fluid space. The above are two
possible causes of reduced serum albumin caused by dysphagia.

Dysphagia also affects the prognosis of stroke patients. The
MBI and mRS have been widely used in large-scale clinical tri-
als and long-term prognostic studies of patients with stroke, and
the MBI is scored based on the ability of patients to complete
specific tasks in daily life (22,23). The score is positively correlat-
ed with independent ability, which can quantitatively assess the
level of disability and degree of recovery of neurological func-
tion in patients with stroke (23). mRS was strongly correlated
with the pathological indicators of stroke, and could reflect the
differences in functional disability among patients with stroke
(24). Atter adjusting for various confounding factors, it was ob-
served that stroke patients with dysphagia faced a higher risk of
poor functioning and dependence for ADL upon discharge from
the hospital. Swallowing disorders in stroke patients can lead
to inadequate food intake and increase the risk of malnutrition
(16-18). Subsequently, poor nutritional status can further exac-
erbate the neuroinflammatory response and impede the recovery
of brain injury by suppressing the expression of axonal terminal
proteins (25). Furthermore, dysphagia-induced dehydration and
malnutrition can contribute to muscle atrophy, compromised im-
mune function, and overall decline in systemic function among
patients. This, in turn, perpetuates a worsening cycle of patient
functionality and negatively impacts prognosis (26,27).

The results of this study suggest that dysphagia and malnu-
trition are associated with decreased serum albumin levels and
a poor prognosis. Despite the limitations and small study size,
these findings further shed light on the link between dysphagia
and poor prognosis. Thus, dysphagia can be used as a reference
item for poor prognosis in patients with stroke. Reduced albumin
levels may occur in stroke patients with dysphagia.

Several limitations of our study should be considered when in-
terpreting our findings. A multicenter retrospective study design
was not adopted, and the number of observational hospitals was
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insufficient. Further studies with a larger sample size should be
conducted using a strict study design to improve the accuracy
of the results. Therefore, our findings, especially with respect to
serum albumin levels, should be carefully interpreted and treated
as exploratory data.
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Abstract

Obijective: to assess the occurrence of overweight/obesity in patient with epilepsy (PWES) and to relate it to cognitive aspects and clinical variables.

Methodology: the measurements of waist circumference, calf circumference, arm circumference, and the body mass index were related to
the scores of the Mini-Mental State Examination and the Brief Cognitive Battery-Edu, as well as to the clinical variables of 164 PWEs, with a
significance level of p < 0.05. Data were compared to a similar control group (CG) comprising 71 cases. Linear and multiple logistic regression
models were used to assess factors related to cognitive aspects.

Results: the mean age of the PWEs was 49.8 + 16.6 years with a mean length of epilepsy of 22 + 15.9 years. Overweight/obesity occurred in
106 (64.6 %) PWEs and in 42 (59.1 %) CG subjects. The PWEs had a worse performance in several cognitive functions when compared to CG
subjects. In the PWEs, overweight/obesity was associated with lower educational level, older age, and cognitive impairment. Greater waist circum-
ference, overweight, age at the first seizure, and use of polytherapy with antiseizure medications were predictive factors of memory impairment
in multiple linear regression. Greater arm and calf circumference values were associated with better performance in several cognitive areas.

Conclusion: the occurrence of overweight/obesity in PWEs and CG subjects was high. Cognitive impairment occurred in a high number of PWES
and was associated with overweight, greater waist circumference values, and clinical aspects of epilepsy. Better cognitive performance was
associated with greater arm and calf circumference.

Resumen

Objetivo: evaluar la ocurrencia de sobrepeso/obesidad en pacientes con epilepsia y relacionarla con aspectos cognitivos y variables clinicas.

Metodologia: las medidas de circunferencia de cintura, circunferencia de pantorrilla, circunferencia de brazo e indice de masa corporal se
relacionaron con los puntajes del Mini-Mental State Exam y de la Bateria Cognitiva Breve-Edu, asi como con las variables clinicas de 164 pacientes
con epilepsia, con un nivel de significacion de p < 0,05. Los datos se compararon con un grupo de control similar (GC) compuesto por 71 casos.
Se utilizaron modelos de regresion logistica lineal y multiple para evaluar factores relacionados con aspectos cognitivos.

Resultados: la edad media de las pacientes con epilepsia fue de 49,8 + 16,6 afios con una duracién media de la epilepsia de 22 + 15,9 afios.
Presentaron sobrepeso/obesidad 106 (64,6 %) pacientes con epilepsia y 42 (59,1 %) sujetos del GC. Los pacientes con epilepsia tuvieron un
peor desempefio en varias funciones cognitivas en comparacion con los sujetos del GC. En las pacientes con epilepsia, el sobrepeso/obesidad
se asocio con menor nivel educativo, mayor edad y deterioro cognitivo. La mayor circunferencia de la cintura, el sobrepeso, la edad de la primera
convulsion y el uso de politerapia con medicamentos anticonvulsivos fueron factores predictivos del deterioro de la memoria en la regresion
lineal mdltiple. Los valores mayores de circunferencia del brazo y la pantorrilla se asociaron con un mejor rendimiento en varias areas cognitivas.

Conclusion: la incidencia de sobrepeso/obesidad en sujetos pacientes con epilepsia y GC fue alta. El deterioro cognitivo ocurrié en un alto
namero de pacientes con epilepsia y se asocio con sobrepeso, mayores valores de circunferencia de la cintura y aspectos clinicos de la epilepsia.
Un mejor rendimiento cognitivo se asocié con una mayor circunferencia del brazo y la pantorrilla.
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INTRODUCTION

The occurrence of overweight/obesity in people with epilepsy
is higher when compared to the general population (1-3) and
is associated with clinical variables of epilepsy, neuroendocrine
factors, and less regular physical activity (4,5). However, other
studies describe different results (4).

Overweight/obesity is a chronic inflammatory state of multifac-
torial etiology and affects multiple systems and organs, being a
risk factor for cognitive impairment. Population studies describe
a higher risk of cognitive decline and the development of demen-
tia in elderly people with central obesity and worse performance
on tests of memory and executive function in obese adults (6-8).

In epilepsy, the impact of obesity on cognitive function has
been poorly described. Baxendale et al. described a small but
significant variation in intellectual function and memory in
81 obese individuals with epilepsy (9). In a previous study in
which 30 elderly people with recent-onset epilepsy were as-
sessed, it was observed that the worst cognitive performance
was associated with the presence of central obesity and the best
performance in memory was related to lower adiposity (10).

Epilepsy is a disorder of neural networks that can affect cog-
nition, and cognitive impairments may be present at the begin-
ning of the disease or appear in the course of chronic epilepsy
(11,12). However, there are still gaps in the knowledge of the
possible relationships between the impairment of cognitive func-
tions and the occurrence of obesity in epilepsy. Thus, the study
hypothesis is that overweight/obesity in chronic epilepsy is asso-
ciated with clinical and cognitive variables.

The aim of this study was to assess the occurrence of over-
weight/obesity in adults with epilepsy and to relate it to cognitive
aspects and clinical variables.

METHODOLOGY

This cross-sectional study involved adults diagnosed with ep-
ilepsy treated at the clinical neurology outpatient clinic of Uni-
versity Hospital of the Pontifical Catholic University of Campinas,
in the city of Campinas, Brazil. Data were collected between
December 2019 and December 2021. Epilepsy was diagnosed
according to the International Classification of Epilepsies and
Epileptic Syndromes (ILAE) (13) criteria. The sample consisted
of individuals of both genders, aged over 18 years, and having
received treatment with antiseizure medications (ASMs) for at
least two years.

Cases with severe cardiovascular and psychiatric disorders,
those with progressive neurological diseases and malignant neo-
plasms, patients who had previously undergone bariatric surgery,
and women who were pregnant or lactating at the time of the
study were excluded.

A control group was composed of individuals of the same age
group and without neurological or psychiatric diseases, prefera-
bly among people accompanying patients at the hospital’s out-
patient clinics.

G. M. A. S. Tedrus et al.

The Human research ethics committee of the PUC-Campinas
approved the research (CAAE: 22510773249517300005481; n°
300005481; 31/08/2017). The individuals were informed of the
research protocol and those who agreed to participate signed the
free and informed consent form. All assessments were performed
individually in a room at the neurological clinic of a hospital.

The participants underwent the following neuropsychological
tests:

— Questionnaire with demographic data (age, educational le-
vel, and gender) and clinical variables (age at the first seizu-
re, type and frequency of seizures, and antiseizure medica-
tions (ASMs) in use). Imaging and EEG data were obtained
from hospital charts. Uncontrolled seizures in the last year
and the use of an appropriate therapeutic regimen in the last
two years were used as criteria for drug-resistant epilepsy.

— Assessment of anthropometric indicators: measurements
of waist circumference, right calf circumference, and right
arm circumference using a 2-meter tape measure (Sanny
Medical SN-4011). Body mass index (BMI) was assessed by
dividing weight (in kilograms) by height (in square meters).
Overweight was defined as a BMI > 25 to 29.9 kg/m? and
obesity as a BMI > 30 kg/m? (14).

— Mini-Mental State Examination (MMSE) (15,16); Brief
Cognitive Battery-Edu (BCB-Edu): battery consisting of
10 pictures that assesses identification, naming, incidental,
immediate, delay recall and recognition. The BCB-Edu also
includes the semantic (animal pictures) verbal fluency test
(SVF) and the clock drawing test (17).

DATA ANALYSIS

Anthropometric measurements were related to clinical vari-
ables and cognitive assessment data (MMSE and BCB-Edu) of
adults with epilepsy. Cognitive and anthropometric data from
these adults with epilepsy were compared with those obtained
from individuals in the control group.

With the data from the cognitive assessment, two groups were
formed: a group of adults with epilepsy without or minimally com-
promised cognitive impairment and another group composed of
adults with epilepsy who presented impairment in multiple do-
mains (memory, language, and attention).

Categorical variables were presented as frequencies and per-
centages, while continuous variables were expressed as means
and standard deviations. The chi-square test was used to assess
associations between categorical variables, while Student’s t-test
was used to compare group means. As the cognitive assessment
variables did not show a normal distribution, they were trans-
formed into ranks for the nonparametric assessment in the linear
regression model.

To assess factors related to cognitive aspects, linear logistic
regression and multiple logistic models were used, with stepwise
variable selection criteria according to the Akaike Information
Criterion (AIC). In linear regression, cognitive aspects were trans-
formed into ranks.

[Nutr Hosp 2023;40(5):1033-1040]
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The Statistical Packages for Social Sciences, version 22 was
used for statistical analysis. Statistical significance was set to a
p-value lower than 0.05.

RESULTS

In this study, 164 adults with epilepsy and 71 subjects were
included for the composition of the control group. There was no
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significant difference in age, educational level, occupation, and
gender between the groups.

Adults with epilepsy performed worse in several cognitive
areas when compared to control-group subjects. Compromise
in multiple cognitive domains was observed only in adults with
epilepsy (n = 42; 25.6 %).

Overweight/obesity was observed in 106 (64.6 %) adults with
epilepsy and in 42 (59.1 %) control-group subjects. Demograph-
ic and clinical data are shown in table I.

Table I. Clinical and cognitive data, and anthropometric measurements of adults
with epilepsy and control group subjects

PWEs (n = 164) CG (n=171) P
Age (years) 49.8 (+ 16.7) 45.7 (+12.0) 0.0672
Female gender 69 (43.2 %) 31 (43.6 %) 0.958"
Educational level (years) 6.8 (3.9 7.3(x2.8) 0.309°
Occupation: employed/unemployed 60/49 43/20 0.089°
Age at the first seizure (years) 27.8 (+ 20.4)
Length of epilepsy (years) 21.9(x15.9
Frequency of seizures: Monthly/other 55/109
Type of seizure: Focal/generalized 119/45
Number of ASMs: 1/> 2 101/63
Epileptic syndrome
Genetic 15 (9.1 %)
Focal unknown etiology 38 (23.2 %)
Structural 111 (67.7 %)
Drug-resistant epilepsy 55 (33.5 %)
Anthropometric measurements

Waist circumference (cm) 92.1 (= 14.3) 90.8 (+ 14.4) 0.508°
Calf circumference (cm) 37.0 (4.3 35.2 (+4.3) 0.004*
Arm circumference (cm) 299 (x4.1) 30.0 (+5.1) 0.887¢
Weight (kg) 741 (= 16.1) 73.7 (x14.4) 0.843¢
Height (meters) 1.6 (0.9 16 (x1.1) 0.075%
BMI 27.5(x5.5) 26.6 (+5.1) 0.219
<25 58 29

0.424p
> 25 106 42
MMSE (total score) 229 (+ 3.8) 25.6 (+ 2.5) < 0.001%

BCB-Edu

Identification 8.8 (x2.0) 9.9(x0.1) < 0.001%
Naming 9.7 (x1.1) 9.9(x0.1) 0.009*
Incidental memory 5.6 (= 1.6) 6.0 (1.3 0.064?
Immediate memory 7.7 (x1.8) 8.7 (x1.5) 0.001
Immediate memory 2 7.3(x1.8) 8.0(x1.5) < 0.001%
Delay recall 6.3 (1.3 J(x1.1) 0.001#
Recognition 93(x1.2) 9.9(x0.2 0.005%
Verbal fluency test 10,8 (+ 4.5 13.1(x 4.9 0.001#
Clock drawing test 6.4 (£ 2.9) 79 (x21) 0.001%

PWEs: people with epilepsy; CG: control group; ASMs: antiseizure medications; BMI: body mass index; MMSE: Mini-Mental State Examination; BCB-Edu: Brief Cognitive

Battery-Edu; #t-test; bchi-square test; *p < 0.05.

[Nutr Hosp 2023;40(5):1033-1040]
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CONTROL GROUP: ANTHROPOMETRIC
INDICATORS AND CLINICAL VARIABLES

There was a significant correlation between weight and age
(Pearson’s correlation, -0.288; p = 0.015). There was no cor-
relation between weight and educational level.

In the multiple linear regression to assess the factors associ-
ated with cognition outcomes in individuals in the control group,
it was observed that younger age was related to better perfor-
mance in the MMSE and in immediate memory. Greater arm
circumference measurements were associated with better per-
formance in immediate and delayed memories, and in the verbal
fluency test and clock drawing test (Table Il).

G. M. A. S. Tedrus et al.

ADULTS WITH EPILEPSY: CLINICAL AND
COGNITIVE DATA AND ANTHROPOMETRIC
INDICATORS

Younger patients had lower body weight (Pearson’s correlation;
-0.259; p = 0.001), were taller (-0.486; p < 0.001), had great-
er calf circumference measurements (-0.159; p = 0.041), and
lower waist circumference measurements (0.157; p = 0.044).

Overweight/obesity was associated with lower educational
level, older age, and worse performance in some cognitive func-
tions (Table Ill). There was no significant difference in overweight/
obesity rates according to the type and length of epilepsy and the
type and frequency of seizure.

Table Il. Multiple linear regression to assess factors associated with cognition outcomes
in control group subjects

Cognitive function Predictor Predictive value p-value
MMSE Age - <0.001*
Immediate memory Age - 0.038*
Immediate memory 2 Arm circumference + 0.006*
Verbal fluency test Arm circumference + 0.039*
Delay recall Arm circumference + 0.029*
Clock drawing test Arm circumference + 0.016*

MMSE: Mini-Mental State Examination, “p < 0.05.

Table lll. Demographic, clinical, and cognitive aspects according to the BMI classification
of adults with epilepsy

BMI < 25 BMI > 25
(n = 58) (n = 106) P
Age (years) 45.9 (+ 16.6) 51.9 (= 16.4) 0.029%
Age at the first seizure (years) 23.8 (x17.3) 30.0 (+ 21.6) 0.050°
Educational level (years) 7.6(x3.8) 6.3 (= 3.9) 0.045%
Length of epilepsy (years) 22.0 (= 14.1) 21.9(=16.9) 0.9512
Gender
Female 24 45
0.894°
Male 34 61
Frequency of seizures
Monthly 20 35
0.849
Other 38 71
Number of ASMs taken
1 30 71
0.055°
>2 28 35
Epileptic syndrome
Genetic 4 11
Focal unknown etiology 18 20 0.191°
Focal structural 36 75
MMSE (total score) 23.8 (+3.5) 22.2 (+4.0) 0.011&
(Continues on next page)
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Table lll (Cont.). Demographic, clinical, and cognitive aspects according to the BMI
classification of adults with epilepsy

BMI < 25 BMI > 25
(n = 58) (n = 106) P
BCB-Edu
Identification 9.2 (= 1.7) 8.5(x21) 0.035*
Naming 9.9 (0.3 9.6 (x1.4) 0.0742
Incidental memory 5.7 (£ 1.4) 5.6 (= 1.6) 0.6702
Immediate memory 7919 76(=1.7) 0.167°
Immediate memory 2 7617 79 (=17 0.368?
Delay recall 71 17) 6.1+ 12) 0.038*
Recognition 9.4 (x1.0) 9.2 (1.3 0.1272
Verbal fluency test 11.0 (= 4.3 10.7 (= 4.6) 0.675°
Clock drawing test 71 (x2.8) 6.1 (x2.9) 0.037%

BMI: body mass index; MMSE: Mini-mental state examination; BCB-Edu: Brief Cognitive Battery-Edu; ASMs: antiseizure medications; t-test; “chi-square test; *p < 0.05.

At the time of the assessment, the ASMs used in mono-
therapy or in association were: levetiracetam or lamotrigine in
12 cases each, carbamazepine in 95 cases, phenytoin in
15 cases, valproic acid in 49 cases, phenobarbital in 29 cases,
topiramate in 5 cases, and clobazam in 48 cases. There was a
higher occurrence of overweight in patients using valproic acid
(monotherapy or polytherapy) when compared to those using
other ASMs (chi-square; 26 (53 %) vs 31 (26.9 %); p = 0.013).

In the multiple linear regression model with stepwise variable
selection with the AIC for each cognition parameter, it was ob-
served that age, age at the first seizure, and the number of ASMs
are predictors for the performance of memory, verbal fluency,
and aspects of executive and visuospatial function (Table IV).

Greater waist circumference measurements were predictive
of worse cognitive performance in the multiple linear regression
analysis. Greater arm and calf circumference measurements
were associated with better performance in several areas of
cognitive functions. The presence of overweight was a predictor
of worse performance in the tests of immediate, delayed, and
recognition memories (Table V).

A multiple logistic regression with stepwise selection of vari-
ables was performed using the AIC to assess the predictive fac-
tors between clinical and anthropometric data. The model se-
lected overweight, older age at the first seizure, and the use of
polytherapy with ASMs as the variables with the greatest chance
of impaired cognition (Table V).

Table IV. Multiple linear regression to assess factors associated
with cognition outcomes in adults with epilepsy

[Nutr Hosp 2023;40(5):1033-1040]

Cognitive aspect Predictor Predictive value® p-value
Waist circumference 0.037*
MMSE Age 0.004*
Age at the first seizure + 0.008*
Perception Age 0.003*
Narming Arm clircumference + 0.033"
Calf circumference 0.010*
Incidental Waist circumference 0.038*

Age <0.001"
Overweight 0.041*
Waist circumference 0.011*
Immediate Arm circumference + 0.001~
Age 0.010*

ASMs > 2 <0.001*

(Continues on next page)
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Table IV (Cont.). Multiple linear regression to assess factors associated
with cognition outcomes in adults with epilepsy

Cognitive aspect Predictor Predictive value® p-value
Waist circumference <0.001*

immediats 2 Arm circumference + 0.001~

Age 0.011~

ASMs > 2 0.041*

Age 0.002*

Verbal fluency test Age at the first seizure + 0.047*

ASMs > 2 0.004

Overweight 0.037*

Delay recal Waist Fircumference 0.043~

Arm circumference + 0.012~

Age 0.039*

Overweight 0.011*

Recognition Waist circumference 0.023~
Arm circumference + <0.001*

Clock drawing test Age 0.001*

MMSE: Mini-mental state examination; ASMs: antiseizure medications; °the regression coefficient was not included because it has no interpretation other than its

direction, since the outcomes were transformed into ranks.

Table V. Multiple logistic regression to assess factors associated with impairment
in multiple cognitive domains in 42 adults with epilepsy

Predictor OR ICy., OR p-value
Overweight 2.45 0.98 6.35 0.049*
Obesity 0.99 0.37 2.63 0.988
Age at the first seizure 1.02 1.00 1.04 0.015*
Antiseizure medications > 2 3.00 1.32 7.16 0.0107
DISCUSSION micronutrient deficiencies such as zinc, folic acid, and vitamins

This study showed a high occurrence of overweight/obesity in
adults with epilepsy and in CG subjects, similar in terms of age,
gender, and socioeconomic status. Obesity is a problem with se-
rious repercussions on the health of the individual, being consid-
ered a worldwide epidemic and with an increase in prevalence in
recent decades in developed and developing countries. Studies
have described the occurrence of overweight/obesity and meta-
bolic syndrome in adults with epilepsy using ASMs in 66.7 % of
cases and in one third of all patients under 50 years old (18,19).

Epilepsy variables such as syndrome type, length of epilepsy,
and seizure refractoriness do not seem to affect obesity, like the
findings of Fernandes et al. and Ladino et al. (5,18). Differently,
other studies describe an association between drug-resistant ep-
ilepsy and overweight/obesity (4,20,21). Regarding the pharma-
cological treatment of epilepsy, there are studies showing some
effects of the treatment of neurological patients that can cause
changes in the metabolic and nutritional status, including some

C, D, E, B, and B,,, in addition to reducing energy consumption
and changes in energy expenditure (22). There are also reports
of weight gain caused by pharmacological treatment with some
antiepileptic drugs in individuals with epilepsy (23). The use of
valproic acid in monotherapy or polytherapy was associated with
higher rates of obesity than those observed with the use of other
ASMs, which corroborates the finding that significant weight gain
is one of the most frequent problems experienced by individuals
who use valproic acid and some modern ASMs (19,24).

COGNITION AND ANTHROPOMETRIC
INDICATORS

There was a high occurrence of cognitive impairment in cas-
es with different types of epilepsy with a mean length of 22 +
15.9 years. Impairment in multiple cognitive domains was ob-
served in a quarter of the cases. Cognitive deficits, particularly
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memory impairment, are described in several epilepsies and
are associated with clinical features, epileptiform discharges,
biological factors inherent to epilepsy or a combination of these
factors (11,12,25). However, the findings on the relationship
between cognition and anthropometric indicators are still con-
flicting and inflammatory and metabolic markers may be in-
volved (26). Other studies suggest a possible common genetic
pathway in the association between obesity, epilepsy, and a
family history of epilepsy (5).

Overweight/obesity and greater waist circumference were
associated with worse cognitive performance, including execu-
tive function and memory. Similarly, other studies describe that
multiple metabolic, inflammatory, and vascular abnormalities are
associated with poor cognitive performance in elderly people
with chronic epilepsy (27). The relationship between obesity and
adiposity with worse cognitive prognosis and dementia is biolog-
ically plausible. However, the pathophysiological evidence is still
inconsistent, and the causes remain unclear.

In the regression test, the abdominal obesity was the stron-
ger factor associated of cognitive impairment than whole-body
adiposity. In obese individuals, executive dysfunction is possibly
mediated by a low concentration of brain-derived neurotrophic
factor, which is one of the factors responsible for neurogenesis,
neuronal regeneration, and synaptic and axonal remodeling (28).
In obese individuals, chronic neuroinflammation is related to an
increase in inflammatory markers such as interleukin-6, tumor
necrosis factor-a, and Toll-like receptors, which can promote
changes in structures in cortical brain regions, in areas of the
hippocampus, cerebellum and amygdala. In individuals with BMI
> 30, cranial resonance studies describe exacerbated microglial
activation and disruption of the blood-brain barrier, which may
suggest that multiple neuroendocrine and immunometabolic as-
pects and alterations in brain structure and function are directly
involved in the relationship between cognition and overweight/
obesity (29-31).

In patients with impairment in multiple cognitive domains, the
associated clinical variables were overweight, older age at the
first seizure, and the use of more than one ASM (polytherapy),
which suggests that several clinical factors of epilepsy, ASMs,
and overweight play a role in the function cognitive in epilepsy.

Arm and calf circumference, which are measures of lean
mass, were significantly associated with better performance in
assessments of memories, aspects of executive function such
as verbal fluency and the clock drawing test in adults with epi-
lepsy and control group subjects. These data confirm the study
of the American Health and Nutrition Examination Database in
which the researchers observed that participants without lean
mass depletion had better cognitive performance on the Digit
Symbol Substitution Test (32). It is known that there is an associ-
ation between the presence of lean mass preservation and less
central fat, with the prevention of cognitive impairment in several
samples.

Other investigations in patients with epilepsy with multidisci-
plinary approaches, from the nutritional point of view, have been
conducted in different studies, relating anthropometric profile
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and food consumption (18), clinical and cognitive aspects with
anthropometry (33), advances and perspectives of the ketogenic
diet in refractory epilepsy (10), and food and its effects on neu-
rological diseases (34).

This study has its limitations. An important one was the inclu-
sion of a small sample from a single regional epilepsy treatment
facility, which may overestimate the frequency of more severe
cases and of difficult-to-control epilepsy in comparison with pop-
ulation samples. However, the data are robust on the occurrence
of obesity/overweight and cognitive impairment in different types
of epilepsy.

Thus, it is concluded that the occurrence of overweight/obesity
and cognitive impairment was high in the adults with epilepsy.
Impairment in several cognitive functions was associated with
overweight, the use of polytherapy with ASMs, and greater waist
circumference measurements. Greater arm and calf circumfer-
ence were related to better cognitive performance.
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Resumen

Introduccion: con ser importante, la alimentacion en los hospitales medievales y modernos dist6 de la excelencia y abundancia que sugieren
algunos historiadores, probablemente por una incorrecta valoracion de la documentacion hospitalaria al considerar como destinado a la alimen-
tacion todo gasto en alimentos, cuando buena parte tuvo como destino la botica.

Objetivo/método: identificar los alimentos utilizados para una finalidad terapéutica no nutricional durante la edad moderna en el Hospital de
Santiago Apostol de Vitoria (Alava, Espafia), describir su sistema de consignacion y revisar la bibliografia del periodo para facilitar estrategias de
valoracion documental a los investigadores.

Resultados: entre 1592 y 1813 se identifican 42 grupos de alimentos adquiridos para finalidades terapéuticas no nutritivas. El sistema de
anotacion en los libros de gastos no es sistematico ni homogéneo sino muy variable y dependiente de quien efectuara el asiento. Se identifican
27 términos para el reconocimiento de que un determinado alimento tuviera por destino la botica y no la cocina. Se escogen 14 textos sanitarios
del periodo como hibliografia clarificadora, encontrandose de mayor utilidad para los fines propuestos los manuales enfermeros del siglo XVII.

Palabras clave: Conclusiones: la variedad y cantidad de alimentos destinados a la botica evidencia el riesgo de confusion en los investigadores no familiarizados
Alimentos. Usos al analizar las dietas hospitalarias desde los libros de contabilidad. La propuesta de términos y estrategias de discriminacion del uso nutricional
terapéuticos. Hospital. Edad 0 no nutricional de los alimentos adquiridos, junto a la recomendacion bibliogréfica, resulta indispensable para una adecuada valoracion de las
moderna. Vitoria. dietas hospitalarias histdricas.

Abstract

Introduction: although important, food in medieval and modern hospitals was far from the excellence and abundance suggested by some
historians, probably due to an incorrect assessment of hospital documentation, considering all food expenditure to be for food when much of it
was destined for the apothecary’s shop.

Aim/method: to identify the foodstuffs used for non-nutritional therapeutic purposes during the modern age at Hospital de Santiago in Vitoria
(Alava, Spain), to describe the system of consignment, and to review the bibliography of the period in order to facilitate documentary assessment
strategies for researchers.

Results: between 1592 and 1813, 42 groups of foodstuffs acquired for non-nutritional therapeutic purposes were identified. The system of anno-
tation in the expenditure books is neither systematic nor homogeneous, but highly variable and dependent on who made the entry. Twenty-seven
terms were identified for the recognition that a given foodstuff was intended for the apothecary’s shop and not the kitchen. Fourteen sanitary

Keywords: texts of the period were chosen as clarifying bibliography, finding the 17th century nursing manuals most useful for the proposed purposes.
Food. Therapeutic uses. Conclusions: the variety and quantity of foodstuffs destined for the apothecary’s shop shows the risk of confusion in unfamiliar researchers
Hospital. Modern Age. when analysing hospital diets from account books. A proposal of terms and strategies for discriminating the nutritional or non-nutritional use of
Vitoria (Alava, Spain). the food acquired, together with bibliographical recommendations, is essential for an adequate assessment of historical hospital diets.
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INTRODUCCION

En junio de 2022, un articulo de prensa espafiol (1), basando-
se en otro britanico anterior de una historiadora de la medicina
(2), traia a colacion la conocida evidencia de que la alimentacion
hospitalaria en tiempos histéricos constituyd una parte funda-
mental de los cuidados dados a los enfermos y a otros usuarios
de los antiguos hospitales medievales y modernos, contrapo-
niendo su valor ante otro mas secundario en los hospitales ac-
tuales. Ciertamente, y a pesar de la variabilidad en su practica,
existe consenso entre los investigadores en reconocer la impor-
tancia dada a la alimentacion en la tradicion médica hipocrati-
co-galénica como medio para la conservacion de la salud y como
remedio para curar las enfermedades. Tanto la diaita del Corpus
Hippocraticum como especialmente todo lo relativo al cibus et
potus de las llamadas sex res non naturales galénicas tuvieron
una gran importancia en los regimina sanitatis y en la terapéutica
médica medieval y moderna (3), por lo que no resulta extrafia la
aplicacion de estas medidas en el medio hospitalario. Es mas, la
cuidada observacion del régimen alimenticio en los hospitales
estuvo muy presente en los manuales enfermeros del siglo XVII
(4,5), en las ordenanzas de hospitales generales (6) e incluso,
a veces, aparecia recogida en las cartas fundacionales de pe-
querios hospitales rurales (7), pues el valor dado al alimento no
solo se dio en los grandes hospitales con aspiraciones curativas
sino también en los hospitalillos y alberguerias para pobres y
peregrinos (8,9).

A pesar de estas evidencias sobre la importancia de la ali-
mentacion en los hospitales historicos, ha de advertirse que
estas alusiones estan referidas solo al alimento en cuanto nutri-
mento; sin embargo, durante aquellos siglos, el uso de distintos
alimentos con fines terapéuticos no nutricionales formé parte
consustancial del arsenal médico galénico y, por tanto, no pue-
de asumirse que toda mencion alimenticia en la documentacion
hospitalaria tuviera necesariamente una finalidad nutritiva o solo
nutritiva. En consecuencia, cabe preguntar razonablemente si no
se estara generalizando y magnificando la alimentacién en los
hospitales historicos a expensas de considerar que todo alimento
consignado en los libros de gastos, fuente documental comun en
la historiografia hospitalaria, iba destinado a la boca de los en-
fermos para un fin exclusivamente nutricional, cuando su destino
a la botica era igual de razonable.

La cuestion es relevante pues, si se acepta indiscriminada-
mente toda alusion a alimentos en la documentacion hospitalaria
como parte de la dieta que recibia el enfermo, se puede concluir
erroneamente (y el articulo referido al inicio es ejemplo) que,
en los hospitales historicos, las dietas eran de auténtico lujo,
cuando lo mas probable es que fueran una “alimentacion sobria
pero reparadora [...] fundamentalmente energética para obte-
ner la fuerza necesaria y, solo secundariamente, como nutricion”
(10). Esto es, resulta creible pensar que la dieta de los hospi-
tales historicos pudiera ser superior a la habitual de las clases
mas desfavorecidas; por ejemplo, como se sefialaba en el caso
de Vitoria (Alava, Esparia) a finales del siglo XVIII: “...la razion
diaria de cada uno [de los asistidos] es envidiada generalmente

M. Ferreiro-Ardions y J. Lezaun-Valdubieco

de los labradores de todo este contorno, quienes despues de el
fatigoso trabajo, en que ocupan todo el dia no logran semejante
sustento” (11). Sin embargo, no es razonable creer que alimen-
tos suntuosos, extravagantes o exoticos para las mesas de 10s
menestrales urbanos fueran a ser de uso frecuente, no digamos
ya cotidiano, en la dieta de los hospitales simplemente porque
consta su adquisicion. Como tampoco lo es cuando se observan
compras ingentes de alimentos comunes que sobrepasaban el
consumo dietético esperable del nimero de enfermos. Menos
aun cuando la mencion de unos y otros pueda explicarse desde
la terapéutica.

Para quienes investigamos el mundo hospitalario antiguo, no
nos cabe duda en considerar que una gran parte del error de
interpretacion quiza provenga de las dificultades documentales,
pues los libros econdmicos de los hospitales (gastos mayores
y menores, ordinarios y extraordinarios, ingresos y altas de en-
fermos...) habitualmente han tenido mejor suerte en la conser-
vacion archivistica que los libros asistenciales (dietas, botica,
evolutivos. ..), que carecian de funcion una vez desaparecidos
los enfermos. Ademas, en los libros de gastos, cuando se con-
signaban alimentos, no siempre se explicitaba su fin o se dife-
renciaba en libros diferentes el destino a la cocina o la botica.
Trabajar con estas limitaciones en la fuente de datos genera, sin
duda, incertidumbre sobre el uso dado a aquellos alimentos, que
se ve desgraciadamente amplificada cuando a los investigadores
les resulta desconocida la potencial finalidad no nutrimental de
algunos productos que solo identifican como parte de la dieta.

Esto Ultimo, especialmente cuando los investigadores son
ajenos a las disciplinas sanitarias, nos ha quedado manifestado
en distintos contactos pluridisciplinares promovidos en nuestra
Universidad (UPV/EHU), motivo por el que consideramos impor-
tante contribuir de manera practica a su minimizacion con este
trabajo.

Aprovechando la documentacion de nuestro hospital histérico
mas relevante, el de Santiago Apdstol en la ciudad de Vitoria
(Alava, Espafia), con archivo historico inventariado desde 1428 a
1976 (12), se propone como objetivo principal de este estudio el
identificar los alimentos que fueron utilizados para una finalidad
terapéutica no nutricional durante la edad moderna. Como obje-
tivos secundarios se proponen: 1) describir el sistema de con-
signacion de estos productos en la documentacion del hospital;
2) identificar los elementos que ayudan a discriminar la finalidad
del alimento; y 3) revisar y escoger la bibliografia coetanea del
periodo a estudio que facilite la comprension del uso terapéutico
de los alimentos.

MATERIAL Y METODOS

Revision de documentacion primaria y secundaria. La docu-
mentacion primaria es la conservada del Hospital de Santiago
Apdstol de la ciudad de Vitoria, acotando temporalmente la
revision a la edad moderna que, en el caso del hospital, viene
definida por el intervalo entre 1556, fecha en la cual el edificio
se reconstruye totalmente tras un incendio, y 1821, en que se
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EN EL HOSPITAL DE SANTIAGO DE VITORIA (ALAVA, ESPANA)

traslada a uno nuevo (6). Este periodo, ademas, constituye cierta
unidad funcional pues, poco antes del inicio del periodo, el hos-
pital, de fundacion particular, pasa a manos del ayuntamiento y,
poco después de su final, se haran cargo del mismo las Hijas de
la Caridad, suponiendo ambos sucesos repercusiones evidentes
en su funcionamiento y modo de recoger la informacion (6). La
documentacion secundaria esta constituida por un conjunto de
obras impresas en lengua castellana sobre terapéutica médica
y atencion enfermera de la edad moderna, cuya busqueda obe-
dece a criterios de oportunidad o que forman parte del bagaje
personal de los autores.

El conjunto documental histdrico del Hospital de Santiago
Apostol de la ciudad de Vitoria se encuentra depositado en un
fondo especial del Archivo del Territorio Histérico de Alava (ATHA).
Recoge la documentacion conservada entre 1428 y 1976, repar-
tida en 60 cajas mas 363 libros, contando con un minucioso
inventario que facilita una primera toma de contacto de manera
muy eficiente (12). El fondo se encuentra clasificado en 4 par-
tes (Fundacion y gobierno, Administracion de propiedades, Con-
tabilidad, y Movimiento de enfermos), de cuyo desglose en el
inventario puede advertirse que las adquisiciones de alimentos,
medicinas y otros productos se encuentran en la parte de Con-
tabilidad, correspondiendo al intervalo de fechas seleccionado
(1556-1821) los libros de cuentas generales 52 a 57 (se inicia
en 1592, no conservandose los previos entre 1504 y 1591) y los
libros de cuentas de gastos menores 258 a 260 (se inician en
1743, no existiendo previamente, y se interrumpen en 1815).

RESULTADOS Y DISCUSION

La revision del conjunto de libros de cuentas del hospital
para el periodo definido evidencia que los libros de cuentas
generales conservados se inician con la llegada de los her-
manos de Juan de Dios, que gestionaran el hospital entre
1592 y 1595 y entre 1605 y 1608 (13), siendo también estos
los periodos —especialmente el primero— de recogida mas
minuciosa de la contabilidad. Fuera de ellos, la calidad de la
informacion es muy variable, con un declive a partir de 1694
(libro 53 de cuentas generales) que no se subsana hasta que
aparecen en 1743 los libros de gastos menores. Ello nos sugie-
re que estos Ultimos libros debieron empezar en fecha previa,
no conservandose ninguno. Asi mismo, aunque los libros de
gastos menores se interrumpen en 1815, ya antes se eviden-
cian lagunas de importancia en probable relacion con la guerra
de independencia. Por tanto, dentro del periodo a estudio, de
1556-1821, los libros revisados que recogen informacion de
interés se circunscriben a los periodos de 1592-1694 (libros
52 y 53 de cuentas generales) y 1743-1813 (libros 258 a 260
de gastos menores), teniendo ambos, a su vez, algunas solu-
ciones de continuidad temporal y resultando, por tanto, enga-
fiosa la aparente continuidad temporal sugerida por el orden
dado en la clasificacion actual de los libros.

Tomando los objetivos propuestos como criterios de resulta-
dos, los principales hallazgos y su discusion son los siguientes:
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DESCRIPCION DEL SISTEMA
DE CONSIGNACION DE ALIMENTOS
ADQUIRIDOS PARA LA BOTICA

En ambos grupos de libros, la consignacion de gastos es muy
variable en cantidad y calidad, yendo desde anotaciones por cada
compra y casi diarias —por ejemplo, con los hermanos de Juan
de Dios— a restimenes mensuales en la mayor parte de los ca-
50S. Los libros de cuentas generales recogen todo tipo de gastos,
incluidos los alimentos y bebidas para ser destinados tanto a la
cocina como a la botica, mientras que en los libros de gastos
menores, estos se hacen mas especificos, manteniéndose mu-
chas expresiones de alimentos destinados a la botica y reducién-
dose los de cocina solo a gastos extraordinarios u ocasionales.
Los diferentes alimentos adquiridos se mencionan generalmente
con poco o ningln detalle cuantitativo (“pan para emplasto”, por
ejemplo, en junio de 1749), aunque ocasionalmente se concreta
una cantidad (“por seis otanas de pan que se han gastado para
emplastos”, por ejemplo, en septiembre de 1750).

Las anotaciones de compras de alimentos en los libros no
distinguen su fin de una manera estructurada sino mediante
términos aclaratorios afiadidos con cierta frecuencia pero no sis-
tematicamente, que hacen referencia a algun aspecto culinario
(caldos, cena, comer/comida, guisar, olla, racién, sopas...), re-
ligioso (alimentos especiales por festividades: “Por gallinas Jue-
ves y Viernes Santo, las Pasquas y San Prudencio”, por ejemplo,
en abril de 1792) o bien a alguno terapéutico (habitualmente
para una preparacion medicamentosa, para un enfermo concreto
0 para una dolencia especifica). La impresion es que estas acla-
raciones y su frecuencia varian segun quién realiza la anotacion,
por lo que, probablemente, los alimentos destinados a la botica
son mas de los aqui recogidos y algunos muy reiterados, a veces
sin mencion a ningun fin, son en realidad para el mismo propo-
sito terapéutico, especialmente los mencionados en los libros de
gastos menores.

Esto ultimo puede presumirse que es asi porque se advier-
te que en estos libros de gastos menores (es decir, a partir de
1743) no se consignan (como si se hacia en los anteriores) los
gastos correspondientes a los productos que constituian la dieta
diaria del hospital, cuya composicion nos es conocida ya que se
especifica en las ordenanzas del centro, sino solo el nimero de
raciones administradas de “caldo solo, huevo, racion, 0 media
racion de puchero” (14:21). Segun las ordenanzas de 1764, que
son las primeras redactadas que nos constan, la dieta era muy
repetitiva y probablemente cefiida o con pocas variaciones a la
expresada: “el desayuno que esta en costumbre, como es el de
las sopas de aceite, 0 de caldo del puchero”, mientras que “las
Raciones asignadas para cada Enfermo para medio dia, que es
la de un quarteron de Carnero, y otro de Baca con los garban-
70s, aya de hacer guisar tantas medias libras, como enfermos
huviesse” y, para cenar, lo que sobrase del mediodia “las debera
reservar, disponiendo, que con él se haga gigote para la noche,
y se dé a los enfermos [que se pudiera] omitiendo dar el huevo
que se acostumbra [para cenar]” (14:21-2). No obstante esto,
Se aprecia una compra frecuente de aves para el puchero de
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mediodia y, aunque no detallado en las ordenanzas, también
la adquisicion de diferentes verduras, en menor medida frutas
(aunque el hospital tenia su propia huerta y arboles frutales) y,
sobre todo, pan para la dieta diaria. Asi mismo, y al margen de
las compras especiales por festividades (se identifican hasta 20
al afo), hay anotaciones como para sugerir un consumo relati-
vamente frecuente de pescado fresco y seco, siendo ocasional-
mente citadas compras de besugo y merluza.

El nimero de raciones que se administraba era anotado de
forma triple e independiente por el mayordomo, el administra-
dor y el sindico (hospitalero), cotejandose mensualmente para el
libramiento del pago por el ayuntamiento. Por tanto, en cuanto
que el precio de la racion por enfermo ya estaba prefijado, no
era necesario indicar en los libros de cuentas, o al menos en los
que han pervivido, la compra de estos productos alimenticios
destinados a la cocina, salvo que fueran extraordinarios, caso de
las festividades anuales que se contabilizan.

En consecuencia, puede afirmarse que, en el caso del Hospital
de Santiago de Vitoria, los alimentos que aparecen consignados
en los libros de cuentas, salvo casos extraordinarios, no iban
destinados a la cocina sino a otros fines. Entre estos, sin duda,
el uso terapéutico no nutritivo es el mas importante, tal como
se expresa en buena parte de los afadidos a las citas de ali-
mentos, siendo la indicacion para otros fines escasa. De hecho,
la dinamica formal de las anotaciones sugiere que, de aquellos
alimentos a los que no se afiade ningln fin concreto en estos
libros, podria incluso interpretarse que su destino fue la botica.
No obstante, en aras de la evidencia, se han seleccionado exclu-
sivamente las citas de alimentos a los que de manera indubitable
se indica una finalidad terapéutica no nutritiva.

ELEMENTOS DE AYUDA
A LA DISCRIMINACION DE LA FINALIDAD
TERAPEUTICA DE LOS ALIMENTOS

Los afadidos aclaratorios 0 coletillas utilizados para recono-
cer el uso terapéutico no nutricional a lo largo del periodo son
los siguientes (en orden alfabético. Aparecen tanto en singular
como en plural. Generalmente les antecede la preposicion para):
agua (a secas o seguido de cocida o, mayormente, blanca o ve-
getal), alcanforar, almendradas, bizcocho, botica, brasero, cocer,
cura/curar/curacion, emplasto, enfermeria, extracto, “jerepriega”
(también escrito con g y “jerepriga”, probablemente por jiraplie-
ga), medicina/medicamento, necesidad, lavativa, liviano, pasta,
pdcima, posca, purga, quemar, quina (por quinado), redafo, re-
galar (por regar), remedio, reparo, untura.

Algunos términos dudosos, como cocer 0 necesidad, se acla-
ran bien por el producto (“anis para agua cozida”, en julio de
1597, 0 “almidon y agucar para dos necesidades”, en mayo de
1594, por ejemplo). En otros casos, en lugar de los términos
descritos se identifica la finalidad terapéutica por la alusién al
enfermo 0 cama que ocupa (“Huevos y vinagre para el de la
pierna rompida”, en septiembre de 1792, por ejemplo) o su do-
lencia (“una libra de manteca para sarna”, en octubre de 1794,

M. Ferreiro-Ardions y J. Lezaun-Valdubieco

por ejemplo). Estas ultimas expresiones referidas a un enfermo
concreto 0 su dolencia, y otras como “orden del médico” o la
mencion al nombre del médico o cirujano (mayor y menor), pro-
bablemente también debieran tomarse por finalidad terapéutica,
pero ante la duda de una finalidad nutricional no se han tenido
en cuenta salvo que el contexto u otras expresiones confirmaran
otro uso terapéutico no nutricional como, por ejemplo: “Dos gue-
vos Yy haceyte pa una tortilla para ponerla en la boca del estoma-
go 4 un enferma”, es decir, como cataplasma, en abril de 1598.
Otros términos, como purga, se emplean en doble sentido, bien
aludiendo a un producto como purgante (terapia no nutritiva),
bien aludiendo a un producto para compensar la pérdida espera-
da (terapia nutritiva) en un paciente purgado o que se va a purgar
(“una gallina pa el soldado que se purga mafana”, en abril de
1598, por ejemplo), lo que también se observa en alusiones a
procesos gastroentéricos (“Dos guevos ademas del ordinario al
enfermo de las cdmaras”, en octubre de 1597).

Brasero, quemar o regar (vinagre y especias, mayormente)
aluden generalmente al uso aromatico del medio (como anti-
miasmatico en la concepcion galénica), pero en ocasiones estan
referidos a vahos (en junio de 1797, por ejemplo, se adquiere
“una botella para tomar vapor de vinagre”) y tisanas (“un cuartillo
de vinagre para posca” en marzo de 1800, por ejemplo).

Bizcocho se ha incluido porque en ocasiones se adquieren pro-
ductos para elaborarlos (“doce guevos pa los bizcochos”, por ejem-
plo, en julio de 1597) con el fin de utilizarlos luego para emplastos, si
bien la mayor parte de las veces se adquieren ya elaborados.

Algunos de los términos aparecen mencionados indistinta-
mente como adverbio y como sustantivo; asi, por ejemplo, apare-
ce tanto azlicar para pasta como directamente pasta, 0 carnero
para redafio como solo redafio, lo que puede dificultar la inter-
pretacion en algunos casos: si pone redafio, probablemente es
que solo adquirieron el mesenterio del animal (presumiblemente
de carnero si no se cita), pero si pone pasta, no sabemos su con-
tenido exacto, pues existian diferentes formulaciones. De hecho,
en ocasiones se adquieren diferentes productos conjuntamente
que parecen aludir a un mismo fin: por ejemplo, “huevos, azu-
car y canela para medezinas”, en julio de 1746, o “pan, huevos,
leche, azucar y canela”, en octubre del mismo afio, que proba-
blemente fueran para realizar una pasta o un emplasto como si
Se cita en otras ocasiones (“por agucar, huevos y manteca para
emplastos”, en diciembre de 1749).

ALIMENTOS CITADOS EN EL HOSPITAL
DE SANTIAGO SIN FINALIDAD NUTRITIVA

Teniendo en cuenta todo lo sefialado anteriormente, se han
identificado 331 citas correspondientes a 45 productos alimen-
ticios que inequivocamente se adquirieron para una finalidad
terapéutica no nutritiva. Los mas recurrentes son distintos tipos
de vino, citada su adquisicion en 42 meses (m); los huevos, en
40; el pan, en 35; la leche, en 29; y el vinagre, citado en 23 m.

Entre 20 y 10 meses son citadas la compra de: carnero o
alguna de sus partes en 16 m; distintos tipos de ave también du-
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rante 16 m; azlcar, en 15; aguardiente, en 13; bizcochos, en 11,
y guindas o cerezas durante 10 m. Distintas hortalizas se citan
en 16 meses, de las que destacan las cebollas que se adquieren
durante 7 para elaborar distintos remedios.

Por debajo de 10 meses se citan en 7 meses la adquisicion
de manteca; en 6, limones; en 5, azafran, canela y miel; en 4,
aceite para unturas, pasas y pescado; en 3, manzanas asadas;
en 2, anis, chocolate y regaliz; y, finalmente solo en algtin mes se
citan agua de morcillas, almiddn, arroz, cebada, higos, naranjas,
pimienta, queso, sal, ternera, tomate y uvas.

En general, no se indican cantidades (“Por leche para emplas-
to” en julio de 1749) 0 no son muy especificas (“por una vejiga
de manteca para curar”, en diciembre de 1786, 0 “una olla de
miel para remedios”, en abril de 1789, por ejemplo). Entre los
mas citados, l0os que con mayor frecuencia se cuantifican son el
pan, expresado en otanas, el vino y el aguardiente, en azumbres,
cuartillos o pellgjos, y los huevos en unidades. De todos los pro-
ductos, los huevos y el pan son los mas versatiles.

El uso mayoritario es abstracto (remedios, medicinas o repa-
ros), siendo el preparado mas recurrente el emplasto. A ellos se
dedican la mayor parte de los alimentos, especialmente los mas
citados: huevos, pan, leche, los diferentes vinos y aguardientes,
azlcar, etc., en una variedad de composiciones no detallada
pero que solia tener como base el pan o los bizcochos (en el
mes de enero de 1800, por ejemplo, concretan haber aplicado
281 emplastos a media libra de pan cada emplasto). La variedad
de vinos utilizados en los emplastos, ademéas de aguardientes
y vinagres, da cierta idea de la complejidad de su elaboracion,
asi como de la precision terapéutica buscada, citandose de mas
a menos: vino de Valencia, blanco, generoso, tinto, rancio, de
Tudela, de Méalaga, clarete. Asi mismo, como se ha sefialado,
la adquisicion conjunta de diferentes productos podria sugerir
composiciones especificas.

La leche (leche comun en algunas citas) ha de entenderse que
es de vaca, siendo esta la mayoritaria, pues no se cita al animal
en ninglin momento, mientras que si se distingue cuando es de
cabra o cuando es solo el suero lacteo.

BIBLIOGRAFIA ESCOGIDA
DE LA EDAD MODERNA CON INDICACIONES
TERAPEUTICAS DE LOS ALIMENTOS

Los textos médicos, quirtrgicos, enfermeros y boticarios de
la edad moderna son ricos en la inclusién de distintos prepa-
rados terapéuticos formados en todo o en parte por alimentos
de uso comun. La variedad de alimentos contenidos en ellos es
tan amplia que puede afirmarse que cualquier alimento poseia
alguna cualidad conocida, susceptible de ser utilizada para ali-
viar alguna dolencia. Por tanto, no debe extrafiarnos el ndmero
de alimentos documentados en el Hospital de Santiago como
destinados a la botica, sino mas bien deberia considerarse una
relacion bastante contenida.

Entre estos textos deben resaltarse por su claridad expositiva y
su practicidad aquellos destinados a profesionales sanitarios no
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académicos como enfermeros, hospitaleros y cirujanos menores
(barberos y sangradores), siendo especialmente relevantes los
elaborados por las congregaciones religiosas hospitalarias, cu-
yos hermanos habitualmente realizaban todas esas funciones.
De estos, destacamos el de los obregones, atribuido a Andrés
Fernandez (4), y el de Juan de Dios, de Mathias de Quintanilla
(15), especialmente por la variedad de remedios descritos y el
detalle utilizado para describir los procedimientos mas comple-
jos, caso de la aplicacidn de pichones y otros animales o sus
partes, como el mesenterio y otras visceras (redafios y liviano,
por ejemplo, en el Hospital de Santiago) para distintos fines. De
parecida utilidad, aunque no consta impresion en su época, ca-
bria citar el manual para enfermeros de Simén Ldpez, ya que
cuenta con una edicion comentada contemporanea (5). Final-
mente, no le van a la zaga otros textos de religiosos destinados
a los misioneros, caso del jesuita Juan de Esteineffer (16), o los
destinados a poblaciones sin recursos sanitarios profesionales
(17,18), cuyos contenidos contrastamos que son una aplicacion
simple, como remedios caseros, de las indicaciones recogidas
en los libros para profesionales.

Por su parte, los textos para profesionales con formacion aca-
démica tienen la virtud de evidenciar hasta qué punto el uso
de alimentos como parte de la terapéutica estaba normalizado
y normativizado profesionalmente, si bien su lectura resulta mas
exigente y requiere cierta perspectiva del galenismo. Entre ellos,
y simplemente por la estructura de sus contenidos, los centra-
dos en la farmacopea permiten un acercamiento mas directo y
sencillo que los textos médicos y quirlirgicos, ademas de que se
explayan en las cualidades de los alimentos y en su preparacion
como diferentes formas medicamentosas. El texto del boticario
Luis de Oviedo, de 1692 (19), resulta especialmente esclarece-
dor en lo relativo a la composicion de emplastos y unglientos
topicos, que son los mas expresados en el Hospital de Santiago,
sin desmerecer el conjunto de formas orales que, por contexto,
puede inducirse que también se utilizaban en el hospital que
estudiamos. Tras su lectura, por ejemplo, ya no resulta sorpren-
dente la variedad de vinos que se adquirian en el hospital para su
botica o la omnipresencia de pan y huevos en las composiciones.

Su correspondencia en la patologia puede verse en distintos
textos médico-quirtrgicos del periodo a estudio (20-22) y tam-
bién en posteriores, ya del XIX, previos a los descubrimientos
bacterioldgicos, en los que sorprende el desarrollo de la quimica
con la pervivencia del uso de alimentos en los preparados tera-
péuticos (23-26).

CONCLUSIONES

Se identifica un amplio y variado uso de alimentos como re-
cursos terapéuticos sin finalidad nutricional en el Hospital de
Santiago de Vitoria durante la edad moderna, que agrupamos en
42 conjuntos. Su asiento en los libros contables no distingue su
finalidad con claridad, ni homogénea ni sistematicamente, evi-
denciando el riesgo de confusion en los investigadores no fami-
liarizados, para cuya ayuda se recogen 27 vocablos utilizados en
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la documentacion y otros criterios a tener en cuenta para poder
considerar inequivocamente cuando un alimento se destina a la
botica en lugar de a la cocina. La revision de bibliografia sanitaria
del periodo corrobora el uso normativizado de alimentos en la
terapéutica médica, de cuyo conjunto se recomienda a los inves-
tigadores nedfitos los manuales enfermeros del siglo XVII por su
concrecion y claridad expositiva.

El uso conjunto de las recomendaciones dadas resulta indis-

pensable para una correcta valoracion de las dietas hospitalarias
histdricas.
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Abstract

Background: the use of beta-alanine (BA) to increase physical performance in the heavy-intensity domain zone (HIDZ) is widely documented.
However, the effect of this amino acid on the post-exertion rating of perceived exertion (RPE), heart rate (HR), and blood lactate (BL) is still uncertain.

Objectives: a) to determine the effect of acute BA supplementation on post-exertion RPE, HR, and BL in middle-distance athletes; and b) to
determine the effect of acute BA supplementation on physical performance on the 6-minute race test (6-MRT).

Material and methods: the study included 12 male middle-distance athletes. The design was quasi-experimental, intrasubject, double-blind
& crossover. It had two treatments (low-dose BA [30 mg-kg "] and high-dose BA [45 mg-kg™]) and a placebo, 72 hours apart. The effect of BA
was evaluated at the end of the 6-MRT and post-exertion. The variables were RPE, HR and BL, and 6-MRT (m) distance. The statistical analysis
included a repeated-measures ANOVA (p < 0.05).

Results: the analysis evidenced no significant differences at the end of 6-MRT for all variables (p < 0.05). However, both doses of BA generated

Keywords: a lower post-exertion RPE. The high dose of BA caused significant increases in post-exertion BL (p < 0.05).
Sports nutrition. Amino Conclusion: acute supplementation with BA generated a lower post-exertion RPE. This decrease in RPE and the post-exertion BL increase could
acid. Athletes. be related to an increase in physical performance in HIDZ.
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Resumen

Introduccion: el uso de beta-alanina (BA) para aumentar el rendimiento fisico en zonas con dominio de alta intensidad (HIDZ) esta ampliamente
documentado. Sin embargo, el efecto de este aminodcido sobre el indice de esfuerzo percibido (RPE), la frecuencia cardiaca (HR) y el lactato
sanguineo (BL) aun es incierto.

Obijetivos: a) determinar el efecto de la suplementacion aguda de BA sobre el RPE, la HR y el BL posesfuerzo; y b) ademéas del rendimiento en
la prueba de carrera de 6 minutos (6-MRT), en atletas de media distancia.

Material y métodos: el estudio incluy6 a 12 atletas masculinos de media distancia. El disefio fue cuasiexperimental, intrasujeto, doble ciego
y cruzado. Incluy6 dos tratamientos (BA en dosis baja [30 mg-kg'] y BA en dosis alta [45 mg-kg™]) y placebo, con 72 horas de diferencia. El
efecto de BA se evaluo al final de los 6-MRT y posesfuerzo. Las variables fueron RPE, HR y BL, y distancia en 6-MRT (m). El andlisis estadistico
incluyd un ANOVA de medidas repetidas (p < 0,05).

Resultados: el andlisis no evidencid diferencias significativas al final de los 6-MRT para todas las variables (p > 0,05). Sin embargo, ambas
dosis de BA generaron un menor RPE posesfuerzo. La dosis alta de BA generd incrementos significativos en el BL posesfuerzo (p < 0,05).

Conclusion: la suplementacion aguda con BA generd un menor RPE posesfuerzo. Esta disminucion del RPE y el aumento en el BL posesfuerzo

Aminoécidos. Atletas.

INTRODUCTION

There is evidence that ergogenic aids and the correct appli-
cation of training loads induce better physiological responses
and adaptations in athletes (1). Specifically, these ergogenic aids
are a relevant factor in increasing the physical performance of
athletes (2). Beta-alanine (BA) is among the most widely used
ergogenic aids in sports (3,4). History shows that athletes have
been ingesting BA to increase physical performance for several
years (5,6). This ergogenic aid is based on extensive scientific
support (5,7). Specifically, BA is a non-proteogenic amino acid
(a@) produced endogenously in the liver. In addition, humans ac-
quire BA by consuming poultry and meat. One of the effects of
BA intake is increased intramyocellular carnosine (CA) levels (8).
It increases the capacity to buff the muscle’s hydrogen ions (H*)
(buffer effect). In this context, the buffering capacity of CA allows
the stabilization of intramyocellular pH during high-intensity ex-
ercise, delaying the onset of fatigue (9).

Concerning the methods of BA intake in athletes, there
are two forms of supplementation: one of extended duration
(chronic) (10) and one of short duration (acute) (2). In this re-
gard, it has been shown that most research has evaluated
only the chronic effect of supplementation with BA on physical
performance (8,11). Most of the studies that have reported an
increase in physical performance have supplemented under
the doses established in the position stand for tests—between
1-4 minutes (min) in duration, with a dose between 4-6 g-day
of BA for 2-4 weeks (3). However, despite the existing evidence
linking the use of BA to physical performance, information on
the acute effect of BA supplementation on the heavy-intensity
domain zone (HIDZ) is scarce (2,4,12).

At the same time, the perceived exertion (RPE) rating is one
of the most widely used tools for intensity control in exercise
and sports sciences (13). It is a fact that through RPE, athletes
can manifest fatigue perceived during exercise (14). However,
for this scale to increase its reliability, it must be trained during
all training sessions since the perceived effort is conditioned
by multiple peripheral afferent signals that reach the brain. It is
the latter organ that determines the sensation of fatigue (15).

podrian estar relacionados con un aumento del rendimiento fisico en HIDZ.

Likewise, because it presents a high correspondence, RPE is
used as a complementary or alternative measurement of phys-
iological parameters (16), including maximum oxygen uptake
(VO,,,) (17), blood lactate (BL) (18), ventilatory thresholds,
and heart rate (HR) (19). In addition, RPE allows quantification
of exercise load (20), becoming an alternative to measure fa-
tigue levels (21) and the state of post-exertion recovery (22).
For example, a lower RPE value during exercise and post-train-
ing is associated with a possible metabolic adaptation of
athletes (23).

Besides, the buffering effect of CA resulting from the intake
of BA could cause a lower RPE during exercise and post-ex-
ertion recovery in athletes (on a scale of 1-20, 1 RPE point is
equivalent to approximately ten beats per minute) (4). In this
regard, some research has related the use of BA to the RPE
(24,25). However, there is no history of using BA for maximal
post-exertion recovery RPE in HIDZ. The HIDZ includes maxi-
mal aerobic speed (MAS) and VO,,, (4) for this study. In this
context and to the best of our knowledge, only the research
presented by Huerta Ojeda et al. (2) has studied the acute
effect of 30 mg BA-kg™" on MAS performance. Specifically, in
that study the researchers reported non-significant differences
in term RPE when comparing the experimental group (EG) with
placebo (PL) (p > 0.05), with no evidence of the post-exertion
recovery RPE (2).

As has become evident, there is a conclusive history of
chronic supplementation with BA and increased physical per-
formance (26). However, the effect of acute BA supplemen-
tation on HIDZ is scarce and controversial, even more so on
RPE (2,4,12). Despite this low evidence, and as previously de-
scribed, a lower RPE value after acute supplementation with BA
could be associated with a lower level of fatigue (4). However,
considering the scarce information on this subject, it would
be risky to assert this relationship. Therefore, this study’s pur-
pose was to determine the effect of acute BA supplementation,
with low dose (30 mg-kg™") and high dose (45 mg-kg™), on the
post-exertion RPE, HR, and BL in middle-distance athletes and
to determine the effect of acute BA supplementation on physi-
cal performance on the 6-minute race test (6-MRT).
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MATERIALS AND METHODS

PARTICIPANTS

Twelve male middle-distance athletes volunteered to be part of
this study (age: 21.8 + 2.37 years, weight: 69.8 + 4.36 kg, height:
174.8 + 5.45 cm, body mass index [BMI]: 22.8 + 1.63 kg-m?, body
fat percentage: 9.3 = 2.62 %). The inclusion criteria were: a min-
imum of two years of experience in middle-distance events, with
knowledge of the RPE and familiarization trial with the 6-MRT. The
exclusion criterion was the inability to perform the 6-MRT. Statistical
software (G*Power, v3.1.9.7; Heinrich-Heine-Universitat, Diisseldorf,
Germany) was used to calculate the sample (27). The combination of
tests used in the statistical software to calculate the sample size was
as follows: a) F test, b) ANOVA: repeated measures, within factors,
and ¢) a priori: compute required size — given a, power, and effect
size. Tests considered effect size f = 0.4, a-error < 0.05, power
(1-B error) = 0.8, number of groups = 1, number of measurements
= 3, correlation among repeated measures = 0.5 and non-sphericity
correction = 1; the total sample size was 12 participants. Al partici-
pants were informed of the aim of the study and the possible risks of
the experiment. All subjects signed the informed consent before the
application of the protocol. The study protocol and the informed con-
sent were approved by the Ethical-Scientific Committee on Human
Research of Universidad de Las Américas, Chile (registration number
CEC_PI_2020005) following the ethical standards for exercise and
sport sciences (28). This study was registered at ClinicalTrials.gov
with identifier: NCT05096793.

ANTHROPOMETRIC MEASUREMENTS

Height (cm) was evaluated with a stadiometer from the feet
to the vertex (Frankfort plane). Weight (kg) was assessed using
a Tanita Inner Scan BC-554® digital scale. Weight and height
were assessed with barefoot, shorts, and a light T-shirt. BMI was
measured according to anthropometric standards to assess nu-
tritional status (29).

RESEARCH DESIGN

The research had a quasi-experimental, intrasubject, dou-
ble-blind, crossover study design. The study, including all as-
sessments, was conducted within one week. All participants (n
= 12) were asked to refrain from ingesting protein, caffeine,
energy supplements, or any substance that would increase
metabolism during the entire intervention week before the
experiment. On day one of the intervention, anthropometric
measurements were taken. Then, the 12 participants were di-
vided into three subgroups of four participants each: group 1
(G1, n = 4), group 2 (G2, n = 4), and group 3 (G3, n = 4).
On day two, all groups performed the first 6-minute race test
(6-MRT): G1 with a low-dose BA (30 mg-kg™), G2 with high-
dose BA (45 mg-kg"), and G3 with fast-absorbing carbohy-

[Nutr Hosp 2023;40(5):1047-1055]

drate PL (30 mg-kg™). On day three, all groups performed the
second 6-MRT: G1 with a high-dose BA (45 mg-kg™), G2 with
fast-absorbing carbohydrate PL (30 mg-kg™), and G3 with low-
dose BA (30 mg-kg™). On the fourth and last day, all groups
performed the third 6-MRT: G1 with fast-absorbing carbohy-
drate PL (30 mg-kg™), G2 with low-dose BA (30 mg-kg™), and
G3 with high-dose BA (45 mg-kg™). Subgroups were evaluat-
ed at the same time during all interventions (G1: 09:00 a.m.,
G2: 09:30 a.m., and G3: 10:00 a.m.). The evaluations were
separated by 72 hours. This time allowed a BA washout to be
generated between evaluations (8,30). Also, participants did
not exercise between assessment days (Fig. 1A).

LOW BETA-ALANINE DOSE

The high dose consisted of acute supplementation with
30 mg-kg™ of BA dissolved in 500 mL of distilled water. This
supplementation was performed after 60 minutes of nutritional
timing and 60 minutes before 6-MRT (Fig. 1A).

HIGH BETA-ALANINE DOSE

The low dose consisted of acute supplementation with
45 mg-kg™ of BA dissolved in 500 mL of distilled water. This
supplementation was performed after 60 minutes of nutritional
timing and 60 minutes before 6-MRT (Fig. 1A).

PLACEBO

The PL consisted of ingesting 30 mg-kg™" of rapidly absorbed
carbohydrates dissolved in 500 mL of distilled water. This intake
was performed after 60 minutes of nutritional timing and 60 min-
utes before 6-MRT (Fig. 1A).

NUTRITIONAL TIMING

In order to avoid the presence of paresthesia, all participants
were given a pre-exercise snack (2,4,12). The snack consisted
of a carbohydrate load before the 6-MRT. For this purpose, all
athletes were available to the researchers two hours before the
tests under fasting conditions. The nutritional timing consisted
of 2 g of rapidly absorbed carbohydrates per kg of body weight

(2 gkg”) (Fig. 1B).

STANDARDIZED WARM-UP

The standardized warm-up for all 6-MRT runs consisted of
10 minutes of jogging, five minutes of lower extremity ballistic
movements (adduction, abduction, hip flexion and extension, and
knee and ankle flexion and extension), and three 80-meter ac-
celerations (Fig. 1B).
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Figure 1.

Research design.

SIX-MINUTE RACE TEST

The 6-MRT is a maximal effort test aiming to estimate MAS
in athletes. The test consists of covering the greatest possible
distance in 6 minutes (31,32). The development of this test was
performed on a 400-meter athletic track. Before the evaluation,
the participants were instructed to cover the greatest possible
distance in the 6 minutes the test lasted. During the test, partici-
pants received verbal incentives from the researchers. At the end
of each 6-MRT, the distance covered in meters (m), RPE, HR, and
BL were assessed.

RATING OF PERCEIVED EXERTION

The RPE was used to assess the intensity of the physical
effort made by the subjects, which was evaluated through the
modified Borg scale (1 to 10), where 1 was a very light effort,
and 10 was a maximum effort (14). The RPE was evaluated
immediately after 6-MRT and post-exertion (min 1, min 3, min
5, min 7, and min 9).

HEART RATE

A Polar Team® brand heart rate monitor was used to determine
the HR per minute, while this data was stored through the Polar
Beat® application. HR was assessed immediately after 6-MRT
and post-exertion (min 1, min 3, min 5, min 7, and min 9).

BLOOD LACTATE

For the measurement of BL, capillary blood samples were col-
lected from the fingertip. For this purpose, a lactometer (h/p/cos-
mos®) was used, which generates an enzymatic-amperometric
lactate detection with an accuracy of = 3 % (minimum standard
deviation of 0.2 mmol/L"), a sample volume 0.2 pL and with a
measuring range of 0.5-25.0 mmol/L™". BL was evaluated imme-
diately after completing 6-MRT and post-exertion (min 1, min 3,
min 5, min 7, and min 9).

STATISTICAL ANALYSIS

Descriptive statistics were used to express the mean values,
and standard deviations (SD) of the variables studied. The Shap-
iro-Wilk test was used for the normal distribution of the results.
Comparison of RPE, HR, and BL at the end of 6-MTR, post-ex-
ertion min 1, min 3, min 5, min 7, and min 9, in addition to the
6-MRT performance (m) among the three conditions (low dose,
high dose, and PL), was performed by repeated-measures ANO-
VA. This analysis was complemented with a post hoc through
Tukey’s multiple comparisons tests.

The analysis of RPE, HR and BL was performed for the three
conditions independently (low dose, high dose, and PL) at the
end of the 6-MRT, min 1, min 3, min 5, min 7, and min 9
post-exertion, was performed by one-way repeated-measures
ANOVA. This analysis was complemented with a post hoc
Tukey’s multiple comparisons tests.
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The association between the study variables for the two treat-
ments and the PL, independently, was quantified through the
Pearson’s correlation coefficient (1) and according to the following
scale: trivial (0.00-0.09), small (0.10-0.29), moderate (0.30-0.49),
large (0.50-0.69), very large (0.70-0.89), almost perfect (0.90-
0.99) and perfect (1.00) (33). All other statistical analyses were
performed with the Prism version 7.00 for Windows® software. The
significance level for all statistical analyses was p < 0.05.

RESULTS

The first analysis showed a normal distribution (p > 0.05).
The second analysis showed that the RPE, HR, and BL on the
completion of the 6-MTR (post-exertion min 1, min 3, min 5,
min 7, and min 9), in addition to the 6-MRT performance (m)
among the three conditions (low dose, high dose, and PL), did
not evidence significant differences (p > 0.05). The distances
achieved in 6-MRT and RPE, HR, and BL post-exertion kinetics
are reported in figure 2.

When analyzing the RPE and HR of the two treatments and PL,
significant decreases were observed from the end of 6-MRT to

min 9 post-exertion (p < 0.001). In parallel, only for the high dose
there were significant increases in BL from the end of 6-MRT
to min 9 post-exertion (p = 0.027). When analyzing the differ-
ent post-exertion times (post hoc analysis), RPE and HR showed
significant differences between the 6-MRT term and min 1, min
3, min 5, min 7, and min 9 (p < 0.01). The BL only presented
significant differences between term and min 5 at high doses
(b < 0.05). The kinetics of RPE, HR, and BL post-stress are re-
ported in figure 3.

When analyzing the relationship between RPE and HR between
the end of 6-MRT and min 9 post-exertion, a practically per-
fect correlation (r > 0.9, p < 0.05) was observed for the two
treatments and PL. However, when correlating HR with BL from
the end of 6-MRT to min 9 post-exertion, a trivial correlation
(r< 0.1, p> 0.05) was evident for PL. At the same time, a very
high correlation (r 0.7-0.9, p > 0.05) was observed for low and
high-dose BA. On the other hand, when correlating RPE with BL
from the end of 6-MRT to min 9 post-stress, PL obtained a mod-
erate correlation (r0.3-0.5), while low dose BA evidenced a high
correlation (r0.5-0.7), and high dose BA a very high correlation
(r 0.7-0.9). The correlation data, lines, and linear regression
equation for each treatment are reported in figure 4.
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Figure 2.

Repeated-measures ANOVA for RPE, HR, BL, and distance in 6-MRT.
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Repeated-measures ANOVA
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Figure 4.

Linear regression for each
variable in low doses, high
doses and placebo.

[Nutr Hosp 2023;40(5):1047-1055]



EFFECTS OF ACUTE BETA-ALANINE SUPPLEMENTATION ON POST-EXERTION RATING OF PERCEIVED EXERTION, 1053
HEART RATE, BLOOD LACTATE, AND PHYSICAL PERFORMANCE ON THE 6-MINUTE RACETEST IN MIDDLE-DISTANCE RUNNERS

DISCUSSION

RATING OF PERCEIVED EXERTION

Concerning the main objective of this study, the results indi-
cate that the term RPE and post-exertion recovery RPE do not
present significant differences between the two treatments and
the PL (p > 0.05). As a first analysis, it can be mentioned that,
after maximum efforts, such as 6-MRT, it is expected to observe
maximum values in the RPE (15,19,34). These peak perceptions
at maximum effort are independent of gender, age, exercise mo-
dality, or physical activity level (19). Likewise, maximum values
have been observed in the RPE at maximum effort, including
cognitive loads in addition to physical effort (15). Also, maximum
values in RPE have been observed when comparing groups with
and without the intake of ergogenic aids (34). Therefore, the RPE
values observed in the present investigation show that the partic-
ipants exerted their maximum effort in each of the 6-MRT runs,
independent of the treatment used.

In a second analysis, it can be mentioned that both ingestion
of 30 mg BA-kg™" and 45 mg BA-kg " generate a decrease in RPE
from min 1 to min 9 post-exertion when compared to PL after
the 6-MRT. In this context, our results allow us to infer that a
lower RPE post maximal effort, with both acute doses, could be
associated with a positive metabolic response to exercise in HIDZ
(35). In this sense, Conde (15) describes that the perception of
effort comprises two-thirds of physiological responses and one-
third of psychological factors. In turn, this same author explains
that fatigue perceived during exercise, from a complex systems
model, is a consequence of the complex interaction of multiple
peripheral systems that act as afferent signals to the brain, with
the higher centers of this organ processing the information and
generating a sensation of fatigue (15). Likewise, evidence shows
that the ingestion of BA stabilizes pH during exercise and exertion
(36). This pH stabilization could generate less noxious afferents
to the brain, with a consequent decrease in post-peak recov-
ery RPE. However, the physiological pathway that explains this
decrease in post-peak recovery RPE following acute BA intake
needs further exploration.

HEART RATE

Our results showed non-significant differences between the
two treatments and the PL (p > 0.05) concerning term HR and
post-maximal effort recovery. In this sense, Huerta Ojeda et al.
(2) found higher term HR in subjects supplemented with 30 mg
BA-kg™' compared to the PL group (p < 0.05). This increase in
term HR observed by Huerta Ojeda et al. (2) may be conditioned
to an increase in intramyocardial CA after BA intake. Indeed,
the cardiac influx during the action potential after increased
CA levels has been demonstrated, thus facilitating cardiac con-
traction and HR (37). However, the term HR depends on the
intensity of the exercise (38). Therefore, in this study, it was
expected that the term HR for both treatments and PL would
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not present significant differences. Despite this, at the end of
6-MRT, high-dose BA generated a slightly higher HR than low-
dose and PL (p > 0.05).

BLOOD LACTATE

On the other hand, our results show no significant differenc-
es between the BL of term and post-exertion recovery between
the two treatments and the PL (p > 0.05). However, when an-
alyzing the BL of each treatment separately, it is observed that
the group supplemented with 45 mg BA-kg™' shows significant
increases between the 6-MRT term and post-exertion recovery
(p = 0.027). This increase in post-exertion BL may be related
to the increase in intramyocellular CA (due to BA supplementa-
tion) (39). In this sense, it has been observed that a high con-
centration of intramyocellular CA could buffer H*, increasing
the possibility of a more prolonged and intense physical effort
(36). Consequently, it is a physical effort at a higher intensity,
associated with pH stabilization, responsible for increased BL at
the end of 6-MRT and post-exertion recovery. Therefore, in light
of the results, it is possible to infer that supplementation with
45 mg BA-kg" increases physical performance in middle-dis-
tance athletes, allowing better performance in HIDZ.

BA USAGE AND PERFORMANCE IN HIDZ

Concerning the distance obtained in the 6-MRT by the three
intervention groups, “excellent” performance was observed in
physically active males between 18-25 years of age (32). From
these results, the high dose of BA (45 mg BA-kg™) stands out,
evidencing the highest performance in the 6-MRT (1,861.8 +
65.9 m), with no significant differences between treatments
(p > 0.05). Despite the slight differences found between treat-
ments, we suggest the dose of 45 mg BA-kg™ since a coefficient
of variation of 0.1 % can generate a significant difference in sports
performance in middle-distance athletes (e.g., a performance of
2 min 10 s in 800 m flat, could improve 0.13 s with the intake
of 45 mg BAkg" 60 min before the race). However, individual
analysis is needed to determine whether BA supplementation can
improve training and competition performance in HIDZ (40).

RELATION BETWEEN RPE AND HR

When analyzing the relationship between RPE and HR from the
end of the 6-MRT until min 9 post-exertion, our results show an
almost perfect correlation for all treatments (r> 0.9, p < 0.05).
Several studies report a strong relationship between RPE and HR
during exercise (19) and post-exertion (2). Consequently, these
antecedents show that RPE is a reliable and low-cost method for
establishing physiological stress (41) and workload during and
after exercise (42).
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RELATION BETWEEN RPE AND BL

In parallel, when analyzing the relationship between RPE and
BL from the end of 6-MRT to min 9 post-exercise, our results indi-
cate that low dose and high dose BA present a high and very high
correlation between RPE and BL, respectively. In this context, in an
investigation by Scherr et al. (19), a very high correlation between
RPE and BL during exercise is observed (r = 0.83, p < 0.001).
Unfortunately, the researchers do not report the relationship be-
tween both variables during post-exertional recovery. This scarce
information makes this analysis and discussion difficult. However,
thanks to the data collected in our study, it can be inferred that
the group supplemented with 45 mg BA-kg™ presents kinetics in
the BL of post-exertion recovery inverse to the RPE (r=-0.745,
p > 0.05). Likewise, with this treatment (45 mg BA-kg™), a peak
in BL was observed at min 5 post-exertion, differing signifi-
cantly from term BL (13.47 + 2.31 vs. 14.99 + 2.20 mmol-L",
p < 0.05). In this sense, in an investigation developed by Huerta
Ojeda et al. (2), which aimed to determine the acute effect of sup-
plementation with 30 mg BA-kg, a significant increase in the BL
at min 3 post-exertion was observed, differing significantly from
the BL of the PL group (13.60 + 3.67 vs. 16.80 + 3.35 mmol-L",
p < 0.05). The increase in post-exertion BL observed in the pres-
ent study (min 5), as in other investigations (min 3) (2), may be
associated with increased bioavailability of intramyocellular CA
(product of BA supplementation) (43). Likewise, in several studies
that included maximum-intensity exercise, it is evident that BL
increases progressively after the end of exercise (44). Indeed, lac-
tate values close to 15-25 mmol-L" at 3-8 minutes post-exertion
have been observed (45). Based on these results, both the use of
a low dose of BA (30 mg BAkg™") and a high dose of BA (45 mg
BA-kg™) may generate a peak in BL between 3-5 min post-exer-
tion; this post-exertion BL kinetics could be evidence of a greater
H* buffering capacity within skeletal muscle (buffer effect) (8), de-
laying the onset of fatigue during high-intensity exercise (9) and
allowing better performance in HIDZ.

In summary, a lower post-maximal effort RPE generated by
the acute intake of BA or another ergogenic aid would allow bet-
ter manipulation of training loads and, eventually, enable better
results in HIDZ (4). For example, a faster post-exertion recovery
could reduce the rest time between repetitions, optimizing train-
ing sessions. Consequently, it has been shown that RPE can be a
helpful tool to prescribe and control training intensity practically
and economically since it reliably represents physiological pa-
rameters involved in exercise (16,46). Furthermore, RPE allows
the quantification of exercise load (19,20), becoming an alterna-
tive to measure fatigue levels (21) and the state of post-exertion
recovery (22).

CONCLUSIONS

Our findings show that acute supplementation with BA, with
low and high doses, generates a lower post-maximal effort RPE
in middle-distance athletes. This decrease in post-peak RPE and

(. Barahona-Fuentes et al.

the increase in post-exertion BL, mainly with the high dose of BA,
could be related to an increase in physical performance in HIDZ.

PRACTICAL APPLICATIONS

Coaches and middle-distance athletes seeking an ergogenic
aid to enhance physical performance in HIDZ should consider
BA supplementation. Based on our findings, we suggest a 30-
45 mg BAkg' 60 min before training or competition. However,
the first step is to consult qualified professionals about each re-
ality’s most appropriate dosing formats. Also, athletes should be
educated about RPE. Finally, it is advisable to observe the indi-
vidual responses of each athlete to determine the actual effect of
BA supplementation (40).
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Resumen

Las bebidas vegetales de soja constituyen una alternativa dentro de la dieta habitual. Sin embargo, existe la preocupacion de potenciales efectos
en la salud reproductiva de la mujer por mecanismos de disrupcion enddcrina.

En esta revision se evallian documentos cientificos en el area de la Ginecologia y la Obstetricia bajo el tamiz de la medicina basada en la evidencia,
respondiendo preguntas estructuradas. La metodologia se apegd a las guias establecidas por la declaracion PRISMA 2020.

Los estudios evaluados descartan un riesgo incrementado de pubertad precoz o cancer de mama; incluso se aprecia un efecto protector frente
a dicha neoplasia. Se ha reportado el paso transplacentario de isoflavonas de soja y su presencia en la leche materna, sin que ello implique una
relacion con complicaciones materno-fetales o malformaciones congénitas. La exposicion a productos de soja no parece influir sobre el peso
corporal y la salud 6sea de la mujer.

Los estudios en adultos indican que la soja favorece un minimo incremento de tirotropina (TSH) en personas con antecedente de hipotiroidismo
Palabras clave: subclinico.

Bebidas vegetales de El impacto de los alimentos basados en soja sobre la microbiota intestinal parece ser favorable para su diversidad, particularmente al consumir
soja. Isoflavonas. Salud productos fermentados.

reproductiva. Funcion . . . ) . . .
estrogénica. Riesgo Muchos de los estudios en humanos han sido realizados con suplementos de isoflavonas o con productos que contienen proteinas aisladas o
obstétrico. Salud de la texturizadas de soja. Por tanto, los resultados y las conclusiones deben interpretarse con cautela ya que no son totalmente extrapolables a las
muijer. bebidas comerciales de soja.
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Abstract

Soy drinks are an increasingly consumed option within the Western diet. However, there are concerns about potential endocrine disruptor effects
and possible impact on women’s reproductive health.

This review evaluates scientific documents in gynecology and obstetrics under an evidence-based medicine approach. All methods adhered to
PRISMA 2020 declaration guidelines.

The evaluated studies do not support a positive association between soy intake and early puberty or breast cancer; instead, a protective effect
against such neoplasm was observed. Transplacental passage of soy isoflavones and their presence in breast milk has been reported without
any maternal-fetal complications nor congenital malformations.

Exposure to soy-derived products appears to have a neutral effect on body weight and bone health. Studies performed in adults indicate that soy
may promote a minimal increase in thyrotropin (TSH) in subjects with subclinical hypothyroidism. The impact of soy-based foods on gut microbiota

health. Estrogenic function.
Obstetric risk. Women's
health.

INTRODUCCION

En las Ultimas décadas, se han introducido en el mercado be-
bidas vegetales que frecuentemente son asumidas por el consu-
midor como sustituto de la leche de vaca o como una alternativa
saludable dentro de la dieta habitual. Estos productos se utilizan
eventualmente por personas intolerantes a la lactosa o alérgicas
a la proteina de la leche de vaca.

La denominacion leche es exclusiva para la sustancia secre-
tada por glandulas mamarias de los mamiferos (1). Sin embargo,
a estas presentaciones liquidas incorrectamente se les conoce
como “leches” (v. g. de soja, de almendra, de coco) (2), aunque
en realidad deben denominarse bebidas vegetales, ya que estas
presentan una composicion muy diferente a la de la leche (3).

Dentro del espectro de las bebidas vegetales, destaca la de
soja por su calidad nutricional. Aunque su introduccion al mundo
occidental es mas reciente, ha sido un alimento basico en pobla-
ciones asiaticas durante milenios (4).

JUSTIFICACION DE LA REVISION
EN EL CONTEXTO DEL CONOCIMIENTO
EXISTENTE

Dado el creciente consumo de bebidas de soja, es de interés
evaluar sus efectos en la salud de la mujer.

La soja es una fuente de proteina que posee la mayoria de
los aminoacidos esenciales de origen vegetal. Es rica en lipidos
e hidratos de carbono, aportando acidos grasos poliinsaturados
y fibra, respectivamente. Adicionalmente, contiene acido folico
y otras vitaminas del complejo B, asi como minerales, entre 10s

appears favorable, especially when consuming fermented products.

Many of the human studies have been conducted with isoflavones supplements, isolated or textured soy proteins. Therefore, the results and
conclusions should be interpreted cautiously, as these are not entirely applicable to commercial soy beverages.

que destacan calcio, hierro, zinc, fésforo y magnesio (5). La tabla
| presenta un comparativo de la composicion de las bebidas ve-
getales de soja con respecto a la leche entera de vaca.

Las isoflavonas son los flavonoides mas abundantes y per-
tenecen al grupo de los fitoestrdgenos. Estas moléculas tienen
una estructura similar al estrégeno. La mayoria se encuentra en
leguminosas, particularmente en la soja, y pertenecen a la fami-
lia de los polifenoles. La mayor parte de ellos son precursores
inactivos, por 1o que es necesaria su biotransformacion en el
intestino a su forma activa.

Las bebidas de soja no fermentadas, como la mayoria en uso
comercial, contienen isoflavonas en su forma de glucosidos con-
jugados (genistina, daidzina y glicitina), que tienen menor acti-
vidad bioldgica estrogénica y requieren ser metabolizadas en el
tubo digestivo a su forma activa no conjugada o aglicona: genis-
teina, daidzeina y gliciteina (6).

Solo un porcentaje de las isoflavonas de soja permanece en su
estado activo después de atravesar los procesos de tecnologia
de alimentos, debido a que estas son faciimente alteradas du-
rante la extraccion, el procesamiento y la coccion para la elabo-
racion de un producto comercial. Adicionalmente, los glucdsidos
conjugados sufren dafios estructurales al ser expuestos al calor.
Los estudios bromatoldgicos han mostrado gran variabilidad en
el contenido y la proporcion de isoflavonas en los diferentes tipos
de semillas de soja y sus productos derivados, por lo que se
espera que su efecto clinico sea atenuado y heterogéneo (7).

Aunque con gran variabilidad, cada gramo de proteina de soja
contiene aproximadamente 3,5 mg de isoflavonas. Lo anterior
se traduce en que una taza de bebida de soja aporta aproxi-
madamente 25 mg de isoflavonas predominantemente en forma
conjugada, lo que implica una menor bioactividad (8).

Tabla I. Comparacion nutricional de bebida de soja y leche de vaca

Tipo de bebida | Calorias | Proteina | Lipidos d::?;ftz:o diZ:Z:iaca Calcio Hierro Vitamina A
(240 ml) (9) (9) (9) % ©) (% de la IDR) | (% de la IDR) | (% de la IDR)

Leche entera de vaca 148 79 8 11,2 - 286,2 mg 1,25 g 74,8 1g

Bebida de soja 80 7 4 4 1 30 - 10

IDR: ingesta diaria recomendada. Adaptado de Sethi y cols. 2016 (9) y Pérez Lizaur y cols. 2014 (10).
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La microbiota intestinal puede metabolizar la daidzeina y sin-
tetizar varios compuestos bioactivos, incluido el isoflavonoide
equol (7-hidroxiisoflavona). Debido a las diferencias en las po-
blaciones bacterianas entre diferentes individuos, la produccion
de equol ocurre en aproximadamente uno de cada tres consu-
midores de soja. La microbiota intestinal también es sensible a
factores ajenos a la dieta: pH intestinal, clima, tiempo de transito
intestinal, patrones de suefio y de alimentacion y determinantes
genéticos, entre otros (9).

En la literatura que analiza el consumo de bebidas de soja o
sus componentes en humanos, una proporcion considerable de
los estudios se construye bajo disefos observacionales, 10 que
solo permite establecer asociaciones. Nuestra revision evalia el
disefio y la metodologia y pretende contextualizar el alcance cli-
nico de cada trabajo.

METODOS

Este documento fue generado por especialistas de diversas
instituciones, lideres de opinidn en Ginecologia y Obstetricia de
México, junto con especialistas nacionales e internacionales en
Nutricion y Endocrinologia. Se realizd una busqueda de la litera-
tura cientifica para responder preguntas estructuradas previa-
mente validadas por el grupo de trabajo sobre el consumo de
bebidas de soja, con enfoque en la salud de la mujer. Por su
naturaleza, esta revision no requirié registro ni protocolo previo.
Se sintetizo el resultado del trabajo grupal, a modo de respuestas
a las preguntas planteadas.

El consumo de bebidas vegetales de soja comparadas con otras
bebidas (agua, leche de vaca, placebo o0 ninguna) en muijeres:

1. ¢Produce alteraciones en la funcion estrogénica cuando se

consumen durante la gestacion?

2. ¢Produce alteraciones en el embarazo o la lactancia o mal-

formaciones congénitas?

3. ¢Produce alguna modificacion hormonal en la etapa del

climaterio o la menopausia?

4. ;Produce modificaciones en la funcion tiroidea?

5. ¢Aumenta el peso corporal? ¢Se asocia con obesidad u

otros factores de riesgo cardiovascular?

6. ¢Modifica el riesgo de cancer de mama?
¢ Genera cambios en la microbiota intestinal?

8. ¢Modifica la densidad mineral 6sea?

~

FUENTES DE INFORMACION Y CRITERIOS
DE ELEGIBILIDAD

Se realizd una busqueda estructurada en la plataforma Med-
line. Se encontraron 1,127 articulos, de los cuales se incluyeron
finalmente 66 estudios, eliminando 1,061 trabajos que no con-
testaban directa o indirectamente a las preguntas estructuradas.
Asimismo, se descartaron articulos de revision narrativa o edito-
riales, estudios duplicados y aquellos que incluian poblaciones
del género masculino. Se incluyeron estudios publicados hasta

R. Baildn-Uriza et al.

antes del 30 de julio de 2021, ubicados a través de las siguien-
tes palabras clave: soy beverages, soy drinks, soy milk, isofla-
vones, women'’s health, estrogenic activity, reproductive health,
obstetric risk, breastfeeding, lactation, congenital malformations,
menopause, breast cancer, bone health, osteopenia, osteoporo-
sis, overweight, obesity, cardiovascular risk, thyroid function, gut
microbiota, microbiome. Se utilizd el filtro de ensayos clinicos
controlados/aleatorizados y/o estudios de cohorte que incluyeran
las palabras clave previamente descritas.

Los productos o bebidas fermentadas (10) solo seran objeto de
esta revision si se incluyen en estudios en los que también se
analizan bebidas o productos no fermentados, o bien en relacion a
su impacto en la microbiota en contraste con las no fermentadas.

Los desenlaces evaluados para contestar las preguntas de
investigacion contemplaron los siguientes: disrupcion hormonal,
accion estrogénica, reproduccion, fertilidad, comportamiento
sexual y salud reproductiva; afectaciones en el embarazo o la
lactancia 0 malformaciones congénitas asociadas con bebidas
de soja; desenlaces favorables o desfavorables para el climaterio
0 la menopausia; aumento o disminucion del riesgo de cancer
de mama en cualquier etapa de la vida; riesgo de osteopenia,
osteoporosis 0 disminucion de este; riesgo de adiposidad o de
factores de riesgo cardiovascular; alteraciones en cualquiera de
los elementos de las pruebas de funcionamiento tiroideo; y mo-
dificaciones en la composicién bacteriana.

Para llevar a cabo el proceso de seleccion de estudios y ex-
traccion de datos, se conformaron ocho grupos de trabajo in-
dependientes conformados por dos autores. A cada uno se le
asignd una pregunta de investigacion para discernir si los es-
tudios encontrados en la busqueda sistematizada cumplian con
los criterios de seleccion. En caso de discrepancia, el autor de
correspondencia definio el diferendo.

Existen metodologias que permiten calificar la evidencia anali-
zada en funcion de su disefio y potenciales sesgos, evaluando la
calidad y la certeza de la evidencia agrupada (11). Sin embargo, el
objetivo de esta revision requirid de un analisis minucioso de diver-
sos disefios (por ejemplo, ensayos clinicos y estudios de cohorte),
realizados en modelos animales y en humanos, asi como politicas
publicas y regulaciones. La heterogeneidad de los estudios inclui-
dos imposibilita la sintesis de la calidad de la evidencia (Fig. 1).

Para generar las conclusiones de cada seccion se tabularon
y sintetizaron los resultados de los estudios correspondientes a
cada pregunta. Para obtener los consensos del pleno del grupo
se realizaron rondas de votacion en apego al método Delphi y
las guias CREDES (12). Estas se efectuaron de forma andnima
para evaluar las respuestas elaboradas por cada uno de los ocho
grupos de trabajo de acuerdo con la mejor evidencia disponible,
proyectadas al pleno. La calificacion mas alta en acuerdo fue de
10 y la de menor acuerdo, de 1, tabulando y proyectando las
puntuaciones grupales en Excel. Ante discrepancias, se realiza-
ron nuevas rondas de votacion presentando una reformulacion
de las conclusiones tras nueva discusion y retroalimentacion,
hasta obtener un total acuerdo en diez puntos para las conclusio-
nes acordadas. Al final de cada seccion se presenta la posicion
consensuada obtenida a través de dicho procedimiento (Tabla Il).
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Estudios indentificados y evaluados Estudio excluidos (= 1061)
(n=1127) Razones de exclusion:
a) No contestan directa o indirectamente las
preguntas de investigacion (n = 671)
b) Editoriales y articulos de conferencias
T (n=85)
Estuczlr?s_%(g)u idos c) Estudios duplicados (7= 11)
- d) Estudios realizados en poblaciones
l masculinas (n= 361)
¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
Alteraciones Modificaciones Asociacion Asociacion con
Alteraciones en el embarazo, hormonales Modificaciones con obesidad riesgo Cambios en Modificaciones
en la funcién lactancia o en la etapa de en la funcion y factores dec a’ﬁ cer la microbiota en la densidad
estrogénica malformaciones climaterio o tiroidea de riesgo de mama intestinal mineral dsea
(n=14) congénitas menopausia (n=9) cardiovascular (n="6) (n=5) (n=14)
(n=6) (n=17) (n=5) -
Figura 1.

Diagrama de flujo para los estudios incluidos. Las n corresponden al nimero de estudios incluidos en cada fase.

Tabla Il. Conclusiones basadas en la evidencia disponible
para cada una de las preguntas de investigacion

El consumo de bebidas
vegetales de soja
comparadas con otras Estudios . . .
. . Sintesis de las conclusiones
bebidas (agua, leche de | analizados

vaca, placebo o ninguna)

en mujeres se asocia con:

Alteraciones en la funcion ) -

o 9 14 No se relaciona con efectos estrogénicos adversos

estrogénica durante la gestacion

Alteraciones en el embarazo o Se ha reportado paso transplacentario de isoflavonas de la soja y su presencia en la leche

la lactancia 0 malformaciones 6 materna. Esto no se ha asociado con complicaciones materno-fetales o malformaciones

congénitas congénitas

Modificaciones hormonales en la 7 Algunos beneficios discretos en sintomatologia propia de climaterio y menopausia

etapa de climaterio o menopausia Evidencia inconsistente

I 9 Elevaciones minimas de TSH asociadas con suplementos de soja, particularmente en personas

Modificaciones en la funcion L L . . :

firoidea 9 con h.|p0t|r0|d|smo' sfubcllrlllco. Unicamente se repomenda distanciar el consumo de productos
de soja de la administracion oral de hormonas tiroideas
Asociacion entre productos con proteina de soja y discreto aumento de peso corporal

Asociacion con obesidad y 5 No se encuentra efecto al aislar isoflavonas ni diferencias entre bebidas comerciales de soja y

factores de riesgo cardiovascular leche de vaca
El efecto sobre el peso no parece tener relevancia clinica

o ) , Asociacion entre productos a base de soja y disminucion del riesgo de cancer de mama

Asociacion con riesgo de cancer ) . . :

de mama 6 La mayorla de Ia} evidencia proviene de productos o suplementos de isoflavonas y no de
bebidas comerciales
No se asocia con alteraciones desfavorables en la microbiota intestinal

Cambios en la microbiota 5 Sus efectos de prebidticos y probidticos se han inferido a partir de modificaciones en algunas

intestinal cepas microbianas, sin determinar su relevancia clinica en todos los casos. Esto se ha
determinado principalmente a partir de bebidas fermentadas de soja
Resultados contradictorios € inconsistentes debido a la heterogeneidad en el disefio de los

Modificaciones en la densidad 14 estudios

mineral 6sea Le evidencia disponible no permite establecer si las isoflavonas contenidas en los alimentos o
bebidas de soja pueden contribuir a mejorar la salud 6sea
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GENERALIDADES DE LAS BEBIDAS
VEGETALES

MARCO REGULATORIO

En México, las bebidas vegetales estan enmarcadas por la
Norma Oficial Mexicana NOM-051-SCFI/SSA1-2010 (13), que
regula las especificaciones generales para etiquetado de alimen-
tos y bebidas no alcohdlicas preenvasadas, en la cual se enun-
cian aspectos relativos a la informacion comercial, sanitaria y
de propiedades nutrimentales. Otra norma aplicable es la NOM-
218-SSA1-2011 (14), relacionada con bebidas saborizadas no
alcohdlicas, sus congelados, productos concentrados para pre-
pararlas y bebidas adicionadas con cafeina. Asimismo, la NOM-
086-SSA1-1994 (15) se aplica a alimentos y bebidas no alcoho-
licas con modificaciones en su composicion. Sin embargo, estas
regulaciones abordan los procesos de fabricacion, preparacion,
conservacion, envase y etiquetado, pero no incluyen aspectos
relacionados con el consumo de bebidas vegetales en mujeres
en diversas etapas de la vida.

La norma general del Codex Alimentarius relacionada con el
uso de términos lacteos sugiere no utilizar la denominacion “le-
che de soja” y recomienda que se use “bebida a base de soja”
como nombre genérico (16).

ALTERACIONES EN LA FUNCION
ESTROGENICA E IMPACTO EN LA SALUD
REPRODUCTIVA

Existe la preocupacion en cuanto a que el consumo de bebidas
de soja pudiera desencadenar disrupcion endocrina (17).

La Agencia de Proteccion al Ambiente de Estados Unidos (EPA,
por sus siglas en inglés) define el término “disruptor hormonal”
como un agente externo que interfiere con la sintesis, la secre-
cion, el transporte, el metabolismo y/o la eliminacion de hormo-
nas endogenas responsables de los procesos de homeostasis,
reproduccion y desarrollo en el ser humano (18).

El mecanismo de accidn sugerido para las isoflavonas es la
interferencia con los receptores de estrogeno (RE), activando la
transcripcion en ambos tipos de receptores (REa y REB), con
mayor afinidad de unién en el REB. Ambos receptores regulan
diferentes vias, incluida la via neuroendocrina, donde se coordina
la funcion reproductiva. Los REB son expresados en su mayoria
en el hipocampo Yy la corteza cerebral en adultos, mientras que
en edad fetal juegan un papel importante en la morfogénesis,
regulando la migracion neuronal (19). En humanos, a nivel del
eje hipdfisis-adrenal no se cuenta con evidencia de algin efecto
sobre la actividad enzimatica esteroidogénica relacionada con
isoflavonas.

Pocos trabajos han evaluado los efectos a largo plazo del
consumo de bebidas de soja o la exposicion a isoflavonas en
la reproduccion, la fertilidad y el comportamiento sexual de la
mujer. Los estudios disponibles tienen ciertas limitaciones me-
todoldgicas, como un tamafio de muestra reducido y alta hete-
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rogeneidad en la composicion y dosis de los productos de soja
analizados (20).

Ademas, gran parte de los estudios existentes que evaltian
la salud reproductiva como desenlace se realizaron en mode-
los animales o in vitro, por lo que su extrapolacién al contexto
clinico no es aplicable (17,21). Otro elemento de complejidad
para interpretar su accion en diferentes etapas de la vida es que,
en periodos de altas concentraciones de estradiol, la ocupacion
parcial del receptor por las isoflavonas generaria un leve efecto
antiestrogénico. Sin embargo, en etapas de deprivacion estro-
geénica como la menopausia, su efecto seria proestrogénico, lo
que explica su potencial utilidad para mitigar sintomas como los
bochornos caracteristicos de esta etapa.

Un conjunto de estudios mostro que la exposicion a la genis-
teina purificada puede inducir efectos reproductivos adversos en
roedores hembra. Estos incluyen alteraciones en el desarrollo
ovarico, aumento en el porcentaje de foliculos (multioocitos),
alteraciones de la apertura vaginal y ciclicidad intensa por alte-
racion del eje hipotalamo-hipdfisis-ovario con repercusion en la
fertilidad de las animales (20). Dichos ensayos fueron realizados
con dosis altas (50 mg/kg/dia de genisteina), por lo que no son
aplicables a los alimentos y, en particular, a las bebidas de soja
comerciales. Otro estudio mostré que cuando se logrd la prefiez
en ratones expuestos a genisteina, a mayor tiempo y dosis de
exposicion, mayor frecuencia de pérdidas fetales (21).

En el pasado ha existido la preocupacion de que tanto los pro-
ductos lacteos como los derivados de soja se relacionen con una
reduccion de la fertilidad. La evidencia en humanos es limitada;
sin embargo, no sugiere efectos desfavorables en la salud re-
productiva de las mujeres. Un andlisis con evaluacion retrospec-
tiva de la dieta de 4.476 mujeres encontro que el consumo en
mayor proporcion de isoflavonas de soja se asocio en un 13 %
(IC 95 %: 2-26 %) con no haber estado embarazadas (22). No
obstante, estos hallazgos no establecen una relacion causal en-
tre el consumo de isoflavonas de soja con una menor tasa de
fertilidad debido a la presencia de factores de confusion resi-
duales. De hecho, un estudio de cohorte prospectivo no encontrd
relacion entre marcadores de consumo (isoflavonas urinarias fe-
meninas) y fecundidad (23). Ademas, los estudios que evaltan la
ingestion de soja o de suplementos derivados de fitoestrogenos
entre las parejas que se someten a tratamientos de fertilidad
han encontrado efectos favorables en el grosor del endometrio,
la tasa de embarazos y la tasa de nacimientos de fetos vivos. El
conjunto de la evidencia parece disipar la hipétesis de que el
consumo de productos de soja conlleva un riesgo de infertilidad;
incluso pareciera indicar beneficios en la salud reproductiva (24).

Otros estudios observacionales han mostrado que la ingestion
total de proteina, independientemente de su fuente, se asocia a
un inicio mas temprano del desarrollo puberal (19). Hasta ahora,
no se cuenta con suficientes pruebas para establecer una aso-
ciacion entre fitoestrogenos de soja y telarquia prematura, o bien
pubertad precoz. Estudios tanto epidemioldgicos como ensayos
clinicos, e incluso en poblaciones asiaticas con alto consumo
de soja, no han encontrado una asociacion que sugiera adelan-
to de la pubertad comparada con otras fuentes de proteina, ni
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tampoco modificaciones en los niveles hormonales evaluados en
ambos géneros y en diferentes edades (19,24-29).

Un estudio de cohorte retrospectivo tuvo por objetivo examinar
la relacion entre el consumo de bebidas derivadas de soja en
nifias con la salud reproductiva en etapas tempranas de la adul-
tez (30). Se concluy6 que la exposicion temprana a formulas de
soja pareciera no generar diferencias en la salud reproductiva en
comparacion con quienes consumen leche de vaca. Los autores
de este trabajo enfatizan la seguridad de la ingestion de bebidas
de soja durante la infancia.

Existen escasos ensayos clinicos aleatorizados (ECA) que
evallian el consumo de bebidas de soja con desenlaces rela-
cionados con el comportamiento reproductivo. Nourozi y cols.
evaluaron la calidad de vida de mujeres posmenopausicas que
consumian 500 ml de bebida de soja vs. leche de vaca baja en
grasa durante ocho meses. Los autores encontraron una ligera
mejoria en la percepcion del ambito sexual (libido y resequedad
vaginal durante el coito) de las participantes a través de una
encuesta de calidad de vida (31).

CONCLUSION DEL GRUPO DE TRABAJO

La mayoria de los trabajos en humanos muestran que, en con-
centraciones propias de la dieta e incluso con ingestas altas de
productos de soja, no parecen producirse efectos estrogénicos
adversos en el humano. Algunos estudios publicados en déca-
das pasadas que sugieren alteraciones en la salud reproductiva
en mujeres han sido superados por otros mas recientes que no
sustentan preocupaciones acerca de su seguridad. Debido a la
naturaleza del fenéomeno estudiado, la mayor parte de la eviden-
cia proviene de estudios observacionales.

ALTERACIONES EN EL EMBARAZO O
LA LACTANCIA Y MALFORMACIONES
CONGENITAS

Un estudio con disefio transversal realizado en 1.745 mujeres
embarazadas entre la semana 5y 39 evaluo la relacion entre el
consumo de isoflavonas de soja y sintomas depresivos a traves
de cuestionarios. Los autores encontraron que un mayor nivel de
consumo de soja se asocid inversamente con la prevalencia de
sintomas depresivos durante el embarazo (PR = 0,53, IC 95 %:
0,40-0,71, p < 0,0001). Sin embargo, segmentando por tipo
de producto, el consumo de bebidas de soja no demostrd dicha
asociacion. Tras la interpretacion de los ajustes estadisticos, los
autores atribuyen los beneficios observados a las isoflavonas (PR
=0,63,1C 95 %: 0,47-0,85, p = 0,002) (32).

A pesar de lo anterior, existe la preocupacion de que la expo-
sicion a los fitoestrdgenos de las bebidas de soja pueda tener un
efecto de disruptor hormonal durante los procesos de embarazo
y lactancia. Weber y cols. estudiaron los efectos de los fitoes-
trdgenos de origen dietético en el cerebro de roedores durante
la gestacion, la lactancia y en sus crias lactantes, y no hallaron
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modificaciones en los niveles de aromatasa en regiones del ce-
rebro sensibles a la actividad estrogénica (33). Los estudios de
exposicion humana a bebidas de soja durante estas etapas fisio-
l6gicas son escasos (34).

Coincidentemente con el estudio de Weber en roedores (33),
el cual mostrod el paso transplacentario de las isoflavonas y su
presencia en la leche materna, un trabajo publicado en 2012
(35), realizado en mujeres embarazadas con indicacion de am-
niocentesis, reportd que la presencia de genisteina y daidzeina
se correlacionaba con el nivel de ingesta de productos de soja,
particularmente en las madres con consumo cotidiano de dicho
vegetal. Los niveles de fitoestrogenos se encontraron mas ele-
vados en el fluido amnidtico de los fetos femeninos comparado
con los masculinos. También se encontraron niveles detectables
de fitoestrdgenos en el suero y en la leche materna, aunque en
estos liquidos no se aprecio diferencia por género del feto. Sin
embargo, la presencia y las concentraciones de daidzeina y ge-
nisteina no mostraron tener relacion con alguna complicacion
propia del embarazo o con problemas preexistentes de inferti-
lidad. Se desconoce si lo anterior pudiera tener implicaciones
en la vida extrauterina, aunque no existe evidencia que sustente
dicha preocupacion.

Otro estudio corrobor6 la presencia de isoflavonas derivadas de
soja en la leche materna (36). Esto ha generado la hipdtesis del
probable efecto protector en las madres contra el cancer de mama
y de ovario, asi como la disminucion de cancer en los bebgés, aso-
ciado a la exposicion temprana a genisteina y daidezeina. En ese
sentido, las tasas mas bajas de cancer observadas en las pobla-
ciones asiaticas con alto consumo de soja podrian deberse no so-
lamente a la exposicion a isoflavonas de la soja en la edad adulta o
la infancia, sino a su consumo a través de la leche materna.

Algunos informes prospectivos mencionan que la formula de
soja administrada a lactantes mostraba en ellas un epitelio vagi-
nal estrogénico que no se observo en las que recibieron lactan-
cia materna o férmula de leche de vaca (20). Ello ha generado
algunas preocupaciones acerca de implicaciones posteriores
en la vida reproductiva. Sin embargo, no se ha encontrado mas
que algunos estudios que reportan una prolongacion del perio-
do menstrual en muijeres que recibieron formula a base de soja
durante la infancia.

CONCLUSION DEL GRUPO DE TRABAJO

Se ha documentado el paso transplacentario de isoflavonas
provenientes de la soja y su presencia en la leche materna, sin
que hasta el momento ello implique una relacion con complica-
ciones materno-fetales o malformaciones congénitas.

Algunos especialistas mantienen cierta preocupacion sobre el
uso excesivo de alimentos a base de soja durante el periodo
mala particion perinatal. Sin embargo, aunque existen limitacio-
nes metodoldgicas de la evidencia disponible, en ella incluso se
advierten algunos efectos protectores en relacion con ciertos ti-
pos de neoplasias y la mayoria de los estudios no sustenta dicha
preocupacion.
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CLIMATERIO Y MENOPAUSIA

Uno de los sintomas mas comunes de la menopausia son los
bochornos. Se estima que alrededor del 75 % de las mujeres en
esta etapa los experimentan (37).

La especulacion sobre si las isoflavonas de soja ayudarian a
contrarrestar los sintomas de bochornos en la menopausia sur-
gi6 debido a la baja incidencia de estos sintomas en la poblacion
de mujeres japonesas.

Desde hace dos décadas se han realizado varios ensayos cli-
nicos que evaltan el impacto de la soja en los bochornos y otros
sintomas propios del climaterio. Sin embargo, la mayoria han
sido intervenciones con suplementos de isoflavonas de soja, y no
de alimentos que las contengan. Ello ha derivado en resultados
inconsistentes.

Un ensayo clinico realizado en 58 mujeres posmenopausicas
(30-70 afios) administré harina de soja 0 harina de trigo durante
12 semanas a manera de bebida o en forma de pan o cereal.
Después de 12 semanas, los sintomas vasomotores disminu-
yeron en ambos grupos sin diferencia estadistica entre ellos. El
indice de maduracion vaginal no tuvo cambios en ninguno de los
grupos (38).

En otro ensayo con una duracion de 12 semanas, 145 mujeres
en etapa de menopausia recibieron una dieta rica en soja vs. una
dieta sin alimentos basados en soja. La dieta de intervencion
consistié en que una cuarta parte de las calorias totales pro-
venian de alimentos con alto contenido de soja. Al finalizar, se
les realizo la encuesta de sintomas de la menopausia. Ambos
grupos reportaron una disminucion en los bochornos y en la se-
quedad vaginal (39).

Un estudio evalud los efectos de una dieta rica en soja en el epi-
telio vaginal de 187 mujeres menopdusicas durante seis meses.
Las participantes fueron aleatorizadas a una dieta alta en soja, a
terapia estrogénica o continuar con su dieta habitual. El objetivo se
centrd en administrar de 20 a 30 mg de isoflavonas de soja al dia,
pidiéndole a ese grupo de participantes agregar una porcion de
alimentos tales como bebida de soja, miso o tofu y algin alimento
rico en fitoestrdgenos dos veces a la semana. Las participantes
aleatorizadas a consumir ~47 mg/isoflavonas mostraron una con-
centracion mayor de daidzeina en la orina. El mayor incremento de
maduracion vaginal e indice cariopicnético se observo en el grupo
que recibid terapia estrogénica. En el grupo de la dieta alta en soja
estos indices fueron menores, pero estadisticamente significativos.
No se observaron cambios en el grupo control (40).

En otro ensayo clinico realizado en mujeres menopausicas (n
= 99) se evaluo la frecuencia y gravedad de bochornos en con-
sumidoras de soja. Las participantes fueron aleatorizadas en tres
grupos y recibieron un panecillo diario de harina de soja, trigo o
linaza, respectivamente. Los panecillos de soja contenian 25 g
de harina de soja, con lo que suministraban 42 mg de isoflavo-
nas diariamente. Entre las 87 mujeres que completaron el ensa-
yo no hubo diferencias significativas intergrupales en cuanto a la
frecuencia y gravedad de los bochornos (41).

En contraste, otro estudio con disefio cruzado realizado en
82 mujeres con menstruaciones irregulares o amenorrea y bo-
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chornos por al menos 12 meses fueron aleatorizadas a una dieta
con soja 0 a una dieta libre de soja. El grupo de intervencion
recibié media taza de frijoles de soja (25 g de proteina de soja
y 101 mg de isoflavonas) al dia. De acuerdo con el cuestionario
de calidad de vida, especifico para la menopausia, cuando se
evaluaron los sofocos, el grupo que consumid los frijoles de soja
informd una disminucion del 19 % en la puntuacion vasomotora
(p = 0,004) (42).

Los estudios que evaltian el consumo de productos de soja y
menopausia o climaterio como desenlace presentan algunas limi-
taciones metodoldgicas. Algunas de ellas son la evaluacion aguda
de diferentes alimentos de soja con cantidades heterogéneas de
isoflavonas, variaciones en los rangos de edad y duracion de la
deprivacion estrogénica de las participantes, lo cual puede generar
resultados desiguales al cuantificar el nimero y la gravedad de
los sintomas de la menopausia. Ello explica que los resultados de
los estudios que evaltian la eficacia de los alimentos de soja para
mejorar los sintomas de la menopausia sean contradictorios.

En 2012, una evaluacion realizada por la Autoridad Europea de
Seguridad Alimentaria (EFSA, por sus siglas en inglés) concluyd
que “la evidencia es insuficiente para establecer una relacion
de causa-efecto entre el consumo de isoflavonas de soja y la
reduccion de los sintomas vasomotores asociados con la me-
nopausia” (43).

CONCLUSION DEL GRUPO DE TRABAJO

Algunos ensayos apuntan a beneficios discretos en los sin-
tomas y molestias propios de la menopausia y el climaterio al
consumir productos de soja. Sin embargo, no todos los estudios
muestran efectos consistentes y en todo caso, comparados con
la terapia estrogénica, parecerian de mucho menor impacto.

FUNCION TIROIDEA

Diversos autores han analizado la interaccion de las isofla-
vonas, componente de las bebidas de soja, y su efecto en la
funcion tiroidea. Las enfermedades tiroideas son mucho mas
prevalentes en la mujer, en proporcion de 7:1 con respecto a su
frecuencia en el sexo masculino.

En 1930, un estudio asocio la presencia de bocio en ratas con
el consumo de soja, sugiriendo que las isoflavonas pueden dis-
minuir los niveles de hormonas tiroideas (44). El mecanismo dis-
ruptor sugerido es la inhibicion de la peroxidasa necesaria para
catalizar la sintesis de hormonas tiroideas por el &cido metanoli-
€0 (45),asi como también la inhibicion de las desyodinasas (46).

Crawford y cols. (47) reportaron una serie de casos de alte-
racion tiroidea transitoria en adultos asociada con el consumo
de bebidas de soja con alto contenido de yodo. Por otro lado,
algunos estudios han mostrado que la soja es uno de los com-
ponentes de la dieta que pudiera interferir con la absorcion de
hormonas tiroideas sintéticas utilizadas para el tratamiento del
hipotiroidismo (48).
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En virtud del efecto inhibitorio de los alimentos a base de soja
en la absorcion del reemplazo hormonal tiroideo, se ha sugerido
que los pacientes deben distanciar la ingesta de su hormona
sustitutiva de cualquier tiempo de comida, sobre todo si esta
contiene soja, y en general, de cualquier comida rica en fibra
y fitoquimicos (49,50). Esta situacion no contraindica alimen-
tos con contenido de soja en personas bajo sustitucion tiroidea,
Unicamente sugiere su distanciamiento temporal de la dosis de
hormona tiroidea y, en su caso, podria justificar ajustes minimos
en la dosis de levotiroxina.

Un reciente metaandlisis (51), que incluyd 18 estudios, no
encontrd cambios en los niveles de T3 libre y T4 libre, pero si
reportd un minimo incremento en las concentraciones de TSH
(diferencia de medias de 0,248 mlU/l, p = 0,049). Dicho incre-
mento se observd Unicamente en el subgrupo de sujetos con
hipotiroidismo subclinico, detectado desde la etapa basal de los
estudios. Es de sefialarse que solamente uno de entre todos
los estudios incluidos en el metaanalisis se realiz con bebidas
comerciales de soja (52). En este estudio en particular no se en-
contrd modificacion alguna en los niveles de TSH u otra hormona
del perfil tiroideo.

CONCLUSION DEL GRUPO DE TRABAJO

Algunos indicios sugieren elevaciones minimas en los niveles
de TSH en individuos que consumen suplementos con soja 0
sus derivados, particularmente en personas con hipotiroidismo
subclinico previo y en productos o suplementos diferentes a
las bebidas comerciales de soja. Sin embargo, el conjunto de
la evidencia no sugiere la necesidad de contraindicar alimentos
0 productos de soja sino, Unicamente, de distanciar su consumo
de la administracion oral de hormonas tiroideas.

OBESIDAD Y FACTORES DE RIESGO
CARDIOVASCULAR

Un metaandlisis de 2017 (53) evaluo los efectos potenciales
por separado de las isoflavonas y de la proteina de soja sobre el
peso corporal, la circunferencia de la cintura y la masa grasa.
Se analizaron 24 ensayos con soja, 17 de ellos en mujeres. La
gran mayoria de estos estudios no se efectud con bebidas co-
merciales de soja sino con otros productos derivados. Solamente
dos de todos los ensayos se identificaron como intervenciones
exclusivamente a base de bebidas de soja (54,55).

Los ensayos que fueron realizados con isoflavonas de soja
se efectuaron con dosis y presentaciones variadas, afectando
su comparabilidad. El conjunto de estudios con proteinas de
soja mostré en algunos subgrupos una muy ligera ganancia de
peso (diferencia de medias para sujetos con obesidad: 0,80 kg;
p = 0,02). Por el contrario, el metaanalisis de los estudios que
evaluaron las intervenciones con isoflavonas de soja aisladas
mostrd una reduccion minima de peso al compararlas con
controles (diferencia de medias: -0,26; IC 95 %: -0,55, 0,04;
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p = 0,085). En este caso, la magnitud del efecto parece suma-
mente discreta y los intervalos de confianza para dicha diferencia
cruzan la neutralidad, por lo que la direccion del efecto con res-
pecto al estudio anterior es contradictoria y parecerian irrelevan-
tes desde el punto de vista clinico. Adicionalmente, el grupo de
trabajo identificd dos estudios con bebidas de soja comparadas
con leche de vaca, realizados en mujeres dentro de programas
de reduccion, sin que se apreciaran diferencias en el cambio de
peso entre ambas intervenciones (56,57).

Algunos estudios sugieren discretas modificaciones favorables
en el perfil de lipidos con el uso de bebidas de soja, sin embargo,
estos efectos no se han corroborado en todos los estudios, por lo
que dicha mejoria lipidica parece controversial (58).

CONCLUSION DEL GRUPO DE TRABAJO

Los estudios que evaltan diversos productos con contenido
de proteina de soja y el peso corporal sugieren una tendencia
hacia un discreto incremento. Cuando se analizan ensayos con
isoflavonas, parece no existir un efecto en la reduccion ponde-
ral. Al revisar los trabajos realizados exclusivamente con bebidas
comerciales de soja no se aprecia una diferencia con respecto a
la leche de vaca.

RIESGO DE CANCER DE MAMA

La hipotesis sobre el consumo temprano de soja y la reduccion
del riesgo de cancer de mama deriva de trabajos inicialmen-
te realizados en animales. Se ha observado que las isoflavonas
estimulan la diferenciacion de la mama, ya que en ratas la ge-
nisteina reduce la tumorogénesis mamaria e incrementa su di-
ferenciacion, asi como la expresion del gen supresor de tumores
BCRA1 (59).

En otro estudio en roedores se les administrd genisteina a
edad temprana y, posteriormente, se les suministré una dieta li-
bre de soja, asi como un carcindgeno de mama. El grupo tratado
desarrolld un 50 % menos de neoplasias que sus controles (60).

Algunos estudios observacionales en humanos asocian el
consumo temprano de soja con la disminucion de riesgo de
cancer de mama. En un estudio de casos y controles, que in-
cluy6 a 1.495 muijeres, se observo que la ingesta de soja duran-
te la adolescencia se asocié inversamente al riesgo de cancer
(OR = 0,51; IC 95 %: 0,4-0,65) (61). Otro trabajo realizado en
2009 con el mismo disefio encontrd que la ingesta de soja en
nifias, adolescentes y mujeres adultas se asocié con un menor
riesgo de desarrollar cancer de mama a medida que el consumo
de soja era mayor (62).

En el mismo afo se publicaron los resultados de una cohorte
que evalud la ingesta de soja en adolescentes y adultos asiaticos,
con relacion al riesgo de cancer de mama. Se observo que la
ingesta de soja durante la adolescencia se asocio inversamente
con neoplasia al llegar a la etapa premenopausica (RR = 0,57;
IC 95 %: 0,34-0,97) (63).
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En otro estudio publicado en 2016 se incluyeron 70.578 mu-
jeres chinas, con un promedio de seguimiento de 13,2 afios,
y se identificaron 1.034 casos de cancer. La ingesta de soja
en adolescentes y adultos se asocid inversamente al riesgo
de presentar cancer de mama en mujeres premenopausicas
(HR =0,53; IC 95 %: 0,32-0,88) (64).

CONCLUSION DEL GRUPO DE TRABAJO

Los estudios observacionales no permiten establecer limitan-
tes para el consumo de alimentos con soja en relacion con el
riesgo de desarrollar cancer de mama, e incluso se aprecia un
factor de proteccion contra dicha neoplasia. La mayor parte de la
evidencia no proviene de bebidas de soja, sino de otros produc-
tos 0 suplementos de isoflavonas.

MODIFICACIONES EN LA MICROBIOTA
INTESTINAL

La dieta es el principal factor modulador de la microbiota in-
testinal. El consumo de alimentos de soja puede modificar la
composicion de la poblacién microbiana.

De manera general, la evidencia proveniente principalmen-
te de estudios en modelos animales indica que la ingestion de
alimentos derivados de la soja puede aumentar los niveles de
bifidobacterias y lactobacilos, modificando favorablemente la re-
lacion Firmicutes-Bacteroidetes (65).

Diversos nutrimentos presentes en las bebidas de soja contri-
buyen a la modulacién de la microbiota intestinal. Tal es el caso
de la proteina de soja, que aporta bases nitrogenadas como
fuente de crecimiento bacteriano.

Se sabe que los oligosacéridos y la fibra provenientes de la
soja poseen propiedades prebidticas. Estos pueden alcanzar in-
tactos el colon. Se ha demostrado que las bifidobacterias y los
lactobacilos metabolizan los oligosacaridos de soja estaquiosa y
rafinosa, que parecen promover un efecto prebidtico estimulando
el crecimiento y la diversidad de la microbiota colonica (66).

En un ensayo con disefio cruzado, 28 participantes consu-
mieron 500 ml de bebida fermentada de soja o bebida regular
de soja al dia. La duracion del estudio fue de dos semanas, con
un periodo de lavado de otras dos semanas. Si hien se observo
un aumento de Lactobacillus spp. en ambos grupos, adicional-
mente, en 10s consumidores de bebidas fermentadas se aprecio
una disminucion en la poblacion de Clostridium perfringens (67).

Consistente con lo anterior, otro estudio en diez adultos jove-
nes también compard el consumo de bebida fermentada vs. no
fermentada de soja y hallé cambios favorables en la microflora
intestinal en el grupo de la bebida fermentada. Este estudio tuvo
una duracion de dos semanas y el consumo de bebida fue de
100 ml al dia (66).

Los pocos estudios existentes que evallian de forma aislada
bebidas de soja no fermentadas en humanos no muestran re-
sultados consistentes en cuanto a las modificaciones de la mi-
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crobiota intestinal. Ejemplo de lo anterior es lo encontrado en el
estudio realizado por Fernandez-Raudales en 2012, en el que se
hallo, tras el consumo de 500 ml de bebida de soja convencional
por un periodo de tres meses, un aumento en el recuento total de
bacterias, atribuido principalmente a Bacteroidetesy Proteobac-
teria. Ello favorecio un mejor cociente Bacteroidetes- Firmicutes,
pero adversamente disminuyd la poblacion de Lactobacillus y
Bifidobacterium, lo cual ejemplifica la dificultad para interpretar
si los cambios observados tendrian un saldo favorable para la
salud.

Estudios prospectivos observacionales han atribuido a los pro-
ductos derivados de la soja efectos favorables en relacion con
la salud cardiovascular, la obesidad y beneficios en el perfil de
lipidos. Sin embargo, es dificil establecer si esos beneficios son
modulados a través de modificaciones de la microbiota (68).

CONCLUSION DEL GRUPO DE TRABAJO

No se encontrd sustento para limitar el consumo de bebidas
de soja por alteraciones desfavorables en la microbiota. El efecto
de los prebidticos en este tipo de alimentos no se ha determina-
do a través de desenlaces clinicos, sino que se ha inferido a par-
tir de resultados indirectos tales como modificaciones aparen-
temente favorables en la diversidad de la microbiota intestinal.
Ello se ha demostrado en particular con las bebidas fermentadas
de soja, que no son las mas consumidas comercialmente en la
dieta occidental.

DENSIDAD MINERAL OSEA

Al disminuir los niveles de estrogenos en la menopausia, las
mujeres pueden perder masa 6sea, con lo que se incrementa el
riesgo de presentar fracturas (69).

La presuncion de que las bebidas de soja pudieran mejorar
la salud dsea en mujeres posmenopausicas se basa en que las
isoflavonas poseen una estructura similar a la de los estrogenos.
De ahi su posible accion anabolica sobre el hueso (70).

Dos estudios con disefio observacional y prospectivo reali-
zados en mujeres encontraron una asociacion positiva entre la
ingestion de proteina e isoflavonas provenientes de alimentos de
soja y la reduccion del riesgo de presentar fracturas (para pro-
teina RR = 0,52, IC 95 %: 0,38-0,70 en mujeres menopausicas;
0,71,1C 95 %: 0,56-0,89 en mujeres posmenopausicas; y para
isoflavonas > 15,4 mg/100 kcal/dia, HR = 0,76, IC 95 %: 0,61-
0,93; p =0,004) (71,72).

Si bien se aprecia tanto para isoflavonas como para proteina
de soja una relacion inversa entre el consumo y la disminucion
del riesgo de fractura, la reduccion del cociente de riesgo no
presenta un gradiente lineal de dosis-respuesta (72). Ello se tra-
duce en que, a mayor consumo, no necesariamente se espera
menor riesgo.

Otro estudio longitudinal (73) encontré que, en mujeres pos-
menopausicas, el consumo de bebidas comerciales de soja se
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asocio a un menor riesgo de desarrollar osteoporosis (OR =
0,44, Cl 95 %: 0,20-0,98; p = 0,04). Sin embargo, el consumo
de lacteos también mostrd esta asociacion (OR = 0,38, Cl 95 %:
0,17-0,86; p = 0,02). Por lo cual, el efecto protector en relacion
con la densidad mineral 6sea (DMO) podria atribuirse mas bien
al calcio que a las isoflavonas de la bebida de soja. En ambos
casos, pareciera no haber un efecto lineal de dosis-respuesta, 10
cual sugiere que pudiera haber otros factores confusores propios
de los estudios observacionales.

Existen metaanalisis que sintetizan estudios de interven-
cién a corto plazo (6-12 meses), los cuales muestran que
las isoflavonas (a dosis superiores a 80 mg) mejoran la den-
sidad mineral 6sea en la columna vertebral (y no en otras
regiones 0seas), mejorando el recambio 0se0 en mujeres
posmenopausicas (74,75). Por otro lado, un ensayo clinico
a largo plazo en el que se incluyd a mujeres con osteopenia
encontré un aumento del 7,6 % en la retencion de calcio dseo
al consumir 105,23 mg de isoflavonas de soja (IC 95 %: 4,9
a 10,2 %; p < 0,0001) (76).

Sin embargo, tres de cuatro estudios a largo plazo (> 2 afios)
que evaluaron el efecto de las isoflavonas y la DMO en mujeres
(77-79) no mostraron algun efecto favorable. El tnico de estos
cuatro estudios con resultados positivos fue realizado en ltalia,
en mujeres con osteopenia (80). Se encontrd que después de
tres afios hubo un aumento significativo en la DMO en la colum-
nay la cadera tras el consumo de 54 mg de genisteina al dia,
mientras que en el grupo de placebo disminuyd.

En 2017, Lambert y cols. realizaron una revision sistematica
con metaanalisis de 26 ECA, en la que incluyeron 2.652 mujeres
en etapa peri-posmenopausica. Encontraron que el tratamiento
con isoflavonas tuvo efecto favorable con significancia estadis-
tica sobre la DMO femoral y de espina lumbar, comparado con
el placebo. Sin embargo, cuando se subanalizaron los datos, el
beneficio del tratamiento solamente se observo cuando se ad-
ministraba de forma aglicona vy el efecto se disipd cuando se
administraba como isoflavonas glicosiladas (81).

De una evaluacion realizada por EFSA en 2012, se concluye
de manera relevante que no existe suficiente consistencia en los
estudios para poder extrapolar a los alimentos derivados de soja
los beneficios observados en los ensayos clinicos con isoflavo-
nas exclusivamente (82).

CONCLUSION DEL GRUPO DE TRABAJO

La evidencia que sugiere un efecto de los alimentos y bebidas
a base de soja sobre la densidad mineral dsea proviene funda-
mentalmente de estudios observacionales, equiparando dichos
beneficios a los que proporcionan los lacteos. Los resultados
son contradictorios e inconsistentes. Muchos de los estudios se
realizan con extractos o suplementos de isoflavonas y no con
bebidas o alimentos de soja. Se requieren mas estudios de in-
tervencion para poder establecer si las isoflavonas contenidas
en los alimentos o bebidas de soja pueden contribuir a mejorar
la salud Osea.

[Nutr Hosp 2023;40(5):1056-1067]

CONCLUSIONES FINALES

Entre las bebidas vegetales, destacan las elaboradas a base
de soja por su aporte de macronutrimentos y su importante
contribucién proteica. Es relevante sefialar que estas bebidas
son tan solo una variante de las mltiples maneras, procesadas
0no, en las que la soja se puede preparar y presentar. Entre los
consumidores son seleccionadas como alternativa a fuentes
proteicas de origen animal, 0 cOMO una opcién en personas
alérgicas o intolerantes a la proteina de la leche de vaca.

Muchos de los estudios en humanos no han sido realizados
especificamente con bebidas de soja sino con suplementos de
isoflavonas, proteinas aisladas o texturizadas. Por tanto, los re-
sultados y las conclusiones deben interpretarse con cautela ya
que no son totalmente extrapolables a las bebidas.

Muchas de las preocupaciones derivan de la posibilidad de
que las isoflavonas, por su analogia con los estrdgenos, pudie-
sen generar efectos disruptores endocrinos. Los estudios en
nifias y adolescentes no han mostrado riesgo incrementado de
pubertad precoz o cancer, particularmente de mama, en esta
0 en otras etapas posteriores de la vida. Incluso se aprecia
un factor protector contra dicha neoplasia a partir de estudios
observacionales.

No se han corroborado alteraciones reproductivas en huma-
nos, ni se ha hallado suficiente evidencia para afirmar categd-
ricamente un efecto benéfico en la salud 6sea.

Se ha reportado el paso transplacentario de isoflavonas pro-
venientes de la soja, asi como su presencia en la leche ma-
terna, sin que ello implique una relacion con complicaciones
materno-fetales o malformaciones congénitas.

Tampoco se ha encontrado un efecto apreciable sobre el
peso corporal.

En estudios en adultos se ha encontrado cierto efecto de
alimentos derivados de la soja que favorecen un minimo incre-
mento de TSH, Unicamente en el segmento de personas que ya
presentan antecedentes de hipotiroidismo subclinico.

El impacto de los alimentos y bebidas derivados de soja so-
bre la microbiota intestinal y la funcion digestiva se ha con-
siderado favorable. Sin embargo, esa impresion proviene de
resultados indirectos tales como modificaciones aparentemen-
te benéficas en la diversidad de la flora bacteriana, pero sin
haberse demostrado desenlaces de salud que los corroboren.
Dentro del espectro de las bebidas, existen diferencias entre
las no fermentadas y las fermentadas. Estas Ultimas son las
que parecen tener efectos mas favorables.

Gran parte de la evidencia publicada en relacion a las bebi-
das de soja es indirecta y presenta elementos que en conjunto
generan una gradacion de calidad baja, lo cual es frecuente
cuando se evallan fenomenos de alta complejidad como la nu-
tricion humana, en los que es dificil aislar las intervenciones y
los factores de confusion. Por ello, destacamos la importancia
de desarrollar investigacion enfocada exclusivamente a bebi-
das comerciales de soja y realizada especificamente en muje-
res en diferentes etapas de la vida.
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Resumen

La determinacion de la composicién corporal se realiza a través de métodos de medicion que requieren el uso de equipos especializados de dificil
adaquisicion y manipulacion. Por esta razon, diferentes autores han desarrollado modelos matematicos para su célculo. El objetivo de esta revision
fue analizar los trabajos realizados en modelos matematicos para la determinacion de variables de composicion corporal a partir de medidas
antropométricas, respondiendo las siguientes preguntas: ¢cudl es la variable corporal que el modelo predice?, ;cuéles son las variables de entrada
para el desarrollo del modelo?, ;,como es la tipificacion de pacientes en cada modelo?, ;,qué método de andlisis de datos es utilizado? y ¢como
se evalud el modelo? Se limit6 la busqueda a las revistas que se encuentran en los repositorios de las &reas de Medicina, Enfermeria, Bioguimica,

Palabras clave: Biologia, Salud, Farmacologia, Inmunologia, Ingenieria y Mateméticas. Se encontraron 424 articulos que se redujeron a 30 al aplicar el proceso
Antropomettia, de revision sistematica de literatura. Se observa que los estudios analizados se orientan a la prediccion de variables relacionadas con la masa
Composicién corporal. grasa corporal. Los resultados de evaluacion encontrados para masa libre de grasa, masa grasa y tasa metabdlica basal difieren dependiendo
Modelos de composicion de la técnica de comparacion y los segmentos corporales analizados. La evaluacion se basa principalmente en correlacion intraclase, correlacion
corporal. de Pearson y el coeficiente de determinacion (r?) y se denota una buena correlacion para la poblacion objeto de estudio.

Abstract

The body composition determination is carried out through measurement methods that require the use of specialized equipment that is difficult
to acquire and manipulate. Therefore, different authors have developed mathematical models for its calculation. The target of this review was to
analyze the work carried out on mathematical models of body composition variables from different anthropometric measurements, answering
the following questions: what is the corporal variable that the model predicts?, what are the input variables for model development?, how is the
patients typification in each model?, what data analysis method has been used?, and how has been the model evaluated? The search was limited
to journals found in repositories in the areas of Medicine, Nursing, Biochemistry, Biology, Health, Pharmacology, Immunology, Engineering, and

Keywords: Mathematics. Four hundred and twenty-four articles were found, which were reduced to 30 by applying the systematic literature review process.
Anthropometry. Body The analyzed studies are oriented to the prediction of variables related to body fat mass. The evaluation results found for fat-free mass, fat mass
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INTRODUCCION

El analisis de la composicion corporal constituye una parte
fundamental en la valoracién del estado nutricional de los se-
res vivos. Para llevar a cabo un adecuado andlisis es necesario
delimitar los diferentes componentes, fraccionamiento del que
resultaran distintos modelos de composicion corporal. El primero
de ellos, propuesto por Matiegka en 1921, desarrolla un modelo
tetracompartimental (1), basado en cuatro componentes basicos:
la masa grasa, la masa muscular, la masa dsea y la masa resi-
dual. Posteriormente, Behnke (2) postula el analisis de la com-
posicion corporal bicompartimental basado en la aplicacion del
principio de Arquimedes, en el cual el peso corporal estaba re-
presentado por dos componentes fundamentales, la masa grasa
y la masa libre de grasa. A partir de este, se desarrolla el modelo
de Keys y Brozek (3), quienes dividen la composicion corporal
en cuatro componentes basicos: masa grasa, masa 0sea, agua
y proteina. Estos modelos cambiarian en los noventa, cuando
Berral (4) desarrolla el modelo pentacompartimental, que cuenta
con un primer nivel atémico o elemental (0%, Ca?*, H-, N*); un se-
gundo nivel, conocido como molecular o quimico, compuesto por
agua, lipidos, proteinas, glucdgeno y minerales; el tercer nivel
o0 celular, que se refiere a masa celular, liquidos extracelulares,
solidos extracelulares y grasa; el cuarto nivel, conocido como
histoldgico o tisular, que contempla elementos como musculo
esquelético, musculo no esquelético, tejidos blandos, el tejido
adiposo y el hueso; y finalmente, el quinto nivel, que se conoce
como nivel corporal total o global.

Al determinar los compartimientos corporales, y clasificar al
individuo segun su morfotipo y fenotipo corporal, se debe realizar
una adecuada valoracion del estado nutricional, pues esta per-
mite cuantificar las reservas corporales y, por tanto, detectar y
corregir problemas en los que existe un exceso de grasa indistin-
tamente del indice de masa corporal (IMC) o condiciones donde
se puede observar masa muscular disminuida (sarcopenia). Asi,
a través del estudio de la composicion corporal, contextualiza-
da con los datos clinicos y metabélicos del paciente, se pueden
evaluar y sugerir opciones nutricionales que podrian mejorar los
hallazgos observados, ademds de optimizar la actividad fisica
con una prescripcion de ejercicio mas individualizada segun
compartimentos corporales.

Los métodos de andlisis de composicion corporal pueden ser
directos, indirectos y doblemente indirectos (5). Los directos es-
tan relacionados con la manipulacion de tejidos en una practica
que solo puede ser realizada con cadaveres, mientras que los
indirectos corresponden a la tomografia axial computarizada
(TAC), la resonancia magnética nuclear (RMN), la absorciometria
dual de rayos X (DEXA), la hidrodensitometria y la pletismografia.
Estos métodos tienen la desventaja de requerir equipos especia-
lizados y ser de alto costo. Los métodos doblemente indirectos
son los méas utilizados, y corresponden a los métodos de analisis
por impedancia bioeléctrica (BIA) y antropometria (6).

El TAC determina el drea muscular de seccion transversal
y grasa abdominal mediante el uso de un escaner de emision
de rayos X (7) y tiene una precision r? de 0,99 y un coeficiente
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de variacion entre 1,2 % y 4,3 % (8). La RMN permite la ac-
cion de un campo magnético en nicleos atémicos de hidrogeno
aplicados a los tejidos del cuerpo, de tal forma que se generan
imagenes relacionadas con la distribucion del tejido musculoes-
quelético y adiposo (9). La DEXA estima masa muscular, masa
grasa y densidad mineral 6sea mediante la aplicacion del efecto
fotoeléctrico y el efecto Compton, debido a la modificacion de la
longitud de onda de un fotdn de rayos X (8,10). La hidrodensito-
metria permite medir el volumen corporal de acuerdo al princi-
pio de Arquimedes, mediante el desplazamiento del volumen de
agua generado cuando un cuerpo se sumerge en un depdsito de
agua. El cuerpo del individuo se pesa antes de ser sumergido
y, una vez sumergido, se mide el volumen residual corporal. La
densidad corporal se calcula dividiendo el peso corporal por el
volumen corporal ajustado (11,12). La pletismografia utiliza la
ley de Boyle para determinar la relacion entre presion y volumen
y, por medio de la densitometria, establece la composicion cor-
poral; cuenta con una precision r? de entre 0,84y 0,9 (13,14).

La BIA mide la resistencia o impedancia del cuerpo a una co-
rriente eléctrica pequefa, indetectable para el sujeto. Debido a
que el tejido magro contiene un alto nivel de agua y electrolitos,
actua como un conductor eléctrico, mientras que el tejido graso
actta como aislante. A partir de esta diferencia, se logra estimar
compartimientos como la masa libre de grasa restando la masa
grasa del peso corporal total (15).

Todas las técnicas de medicion indirecta dependen de equipos
cuyo costo puede ser elevado, con acceso restringido y requeri-
miento de entrenamiento para su adecuada operacion. En el caso
del TAC y la DEXA, no es factible su uso continuo en un mismo
paciente para hacer multiples mediciones en cortos periodos de
tiempo, dado el riesgo de afectar la salud por radiacion. Aunque la
BIA es de bajo o nulo riesgo en salud, requiere un minimo nivel de
entrenamiento e interpretacion para su realizacion. En el mercado
se dispone de diferentes marcas de dispositivos BIA, sin embargo,
su uso en el contexto médico requiere de equipos con comprobada
validacion para la medicion de los diferentes compartimientos, su-
mado a un nimero suficiente de frecuencias y canales de corrien-
te que permitan discriminar la distribucion del agua intracelular y
extracelular como estimadora de la integridad celular.

Las técnicas basadas en antropometria, mediante la medicion
de las dimensiones corporales como peso, talla, pliegues cuta-
neos y circunferencias, sumado al calculo de indices como el
IMC, el indice cintura-cadera (ICC) y el indice cintura-altura (ICA),
permiten una cuantificacion de los compartimentos que, aunque
Menos precisa, es econdmica y no es compleja ni riesgosa para
los pacientes (16). El grosor de pliegues cutaneos, que puede
medirse en mas de 19 lugares, es un predictor de obesidad de-
bido a que entre el 40 % y el 60 % de la grasa se encuentra
en la regidn subcutanea (17). La medicion de circunferencia se
puede realizar en mas de 17 lugares y estiman la masa muscu-
loesquelética (MME) y la distribucion de grasa. La medicion del
ancho de los huesos no es tan utilizada, pero permite evaluar
crecimiento en nifios y tamario del marco corporal (17).

Existen modelos de composicion corporal basados en an-
tropometria que utilizan ecuaciones o sistemas de ecuaciones
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matematicas para determinar una variable corporal no medible,
especificamente masa grasa y muscular, a partir de las medi-
ciones antropométricas como el indice de conicidad o indice
cadera-cintura (18). Para el desarrollo de estos modelos, los di-
ferentes autores correlacionan los valores antropométricos con
los resultados de los métodos indirectos y doblemente indirectos,
para luego hacer validaciones en poblaciones especificas, lo-
grando mejorar la confiabilidad del modelo en estas poblaciones.

El presente articulo presenta un proceso de revision sistematica
de literatura de 30 articulos que desarrollan modelos de composi-
cion corporal basados en antropometria, para determinar variables
especificas como porcentaje de grasa corporal (PGC), masa grasa
corporal (MGC), masa libre de grasa (MLG), masa musculoes-
quelética (MME) y tasa metabdlica basal (TMB), comparados con
alguna de las técnicas directas o indirectas y evaluados mediante
el test Bland-Altman, andlisis de correlacion de Pearson, indice de
correlacion intraclase, coeficiente de Lin, t de Student, los coefi-
cientes de determinacion () y el error relativo.

METODOS

Este trabajo utiliza la metodologia de revision sistematica de li-
teratura (RSL) de la Universidad de Keele, la cual permite resumir
la evidencia existente de los modelos de composicion corporal
basados en antropometria, proporcionando un marco de enten-
dimiento y una delimitacion de la evidencia empirica, identifican-
do las brechas en la literatura actual que permitan sugerir areas
para futuras investigaciones en este campo (19).

CRITERIOS DE INCLUSION Y EXCLUSION

Los criterios de inclusién para la seleccién de los estudios
cientificos fueron: a) estudios observacionales descriptivos (es-
tudios de correlaciones, serie de casos, estudios poblaciona-
les; estudios analiticos: estudio de casos y controles y pruebas
diagndsticas; y estudios experimentales; b) literatura que diera
respuesta a cinco preguntas: 1. jcudl es la variable corporal
que el modelo predice?, 2. cudles son las variables de entrada
para el desarrollo del modelo?, 3. ;como es la tipificacion de
pacientes en cada modelo?, 4. ;qué método de analisis de
datos es utilizado en cada estudio? y 5. ;cudl es la métrica de
evaluacion utilizada en cada uno de los modelos?; c) estudios
en humanos, independiente de su peso; y €) sujetos adultos
(mayores de 18 afios).

Por otro lado, como criterios de exclusion se establecieron: a)
estudios cientificos publicados en forma de resumen, comunica-
ciones cortas y/o cuyos datos no estuviesen publicados; b) re-
portes de caso; ¢) estudios sin resultados publicados; d) estudios
en infantes; e) estudios en animales; y f) estudios con pacientes
con otras enfermedades que puedan afectar la composicion cor-
poral, como anorexia, enfermedades oncoldgicas o reumatoldgi-
cas y poblacion con limitaciones en movilidad por amputaciones,
entre otros.

F. Eraso-Checa et al.

ESTRATEGIA DE BUSQUEDA BIBLIOGRAFICA

La busqueda de articulos se realizd en bases de datos infor-
matizadas on-line relevantes en areas de Medicina, Enfermeria,
Biogquimica, Biologia, Salud, Farmacologia, Inmunologia, Inge-
nieria y Matematicas, hasta 2022, en idiomas inglés, espafiol,
francés y portugués. Las bases usadas fueron: PubMed, Scopus,
Science Direct e IEEE Xplore. La cadena de busqueda contiene
palabras y frases clave acompafiadas de sindnimos, expresiones
alternativas y operadores booleanos. La busqueda y la cadena de
palabras utilizada fue la siguiente: (body AND composition AND
models OR body AND index) AND (anthropometric AND equations
OR kineanthropometric). El no modificar la cadena de busqueda,
en los diferentes repositorios, asegura una revision imparcial de
resultados y el uso de diferentes repositorios asegura una bus-
queda exhaustiva (20,21).

EXTRACCION DE DATOS

Todas las variables metodoldgicas fueron extraidas, registra-
das y analizadas en todos los articulos por los investigadores.
Aquellos articulos que no especificaron explicitamente alguna
de las variables anteriores recibieron la categorizacion en dicha
seccion de “no encontrado”, sin ser eliminados del proceso de
andlisis por este hecho. Este método de extraccion de datos
ha sido recomendado por Cochrane Collaboration Back Review
Group para la realizacion de revisiones sistematicas (20).

SELECCION Y ESPECIFICACION
DE ARTICULOS SEGUN CRITERIOS
DE INCLUSION Y EXCLUSION

En la primera busqueda se encontrd un total de 424 articu-
los, y al aplicar criterios de inclusion y exclusion se redujo la
cifra a 216 documentos. De estos articulos preseleccionados,
se descartaron 144 por estar repetidos o por revision de titulo
y resumen.

A continuacion, se procedio a descargar los documentos re-
sultantes y se empleo la escala Physiotherapy Evidence Databa-
se (PEDro) (23) para analizar la calidad metodoldgica de todos
los articulos seleccionados. La escala PEDro es una herramienta
disefiada para evaluar la calidad metodologica de los disefios
clinicos y empleada en numerosas revisiones bibliograficas. La
escala PEDro presenta un total de once items. El item 1 hace
referencia a la validez externa del estudio, mientras que los items
2-9 hacen referencia a la validez interna y los ftems 10 y 11 indi-
can si la informacion estadistica aportada por los autores permite
interpretar los resultados de forma adecuada. Todos los items de

oo

esta lista estan dicotomizados como “si”, “no” o0 “no informa”.
Cada item contestado como “si” suma un punto, mientras que
los items contestados como “no” o “no informa” no reciben pun-
tuacion alguna. Esto permitio realizar una seleccion mas especi-

fica, corroborando que los articulos respondieran las preguntas
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de investigacion, principalmente las preguntas 1, 2 y 5. De esta
forma, se llegd a una seleccion de un total de 72 articulos, es
decir, un 16,9 % del material original.

EVALUAR LA CALIDAD DE LOS RESULTADOS

Los criterios de calidad para la evaluacion de los articulos selec-
cionados corresponden a la claridad de la respuesta a las preguntas
formuladas en el literal a, especialmente las preguntas 1,2y 5.

Se realizd la lectura completa de los 72 articulos, teniendo en
cuenta el rigor en el andlisis e interpretacion de los datos para la
elaboracion de los modelos, la metodologia utilizada, el método
de analisis de datos y la validacion. De esta forma, se obtuvieron
38 articulos y de estos, se descartaron ocho debido a que su
poblacion corresponde a menores de 18 afos. El repositorio final
es de 30 articulo analizados.

INTERPRETAR, ANALIZAR Y DESARROLLAR
UNA SINTESIS DE LOS RESULTADOS

Los documentos filtrados y depurados se organizaron teniendo
en cuenta los metadatos correspondientes a autores, titulo, afio
de publicacion y resumen. El andlisis se realiza a partir de las
respuestas a los elementos del literal a, organizando los articulos
por variables de salida, especificamente de caracter muscular

0 graso; variables de entrada, teniendo en cuenta la cantidad
o complejidad de las medidas; tipo de poblacion, debido a que
los modelos pueden ser validos Unicamente para poblaciones
con caracteristicas particulares; el método de analisis numérico,
generalmente estadistico; y la forma de evaluacion de estos pro-
yectos, que se relacionan con herramientas cuantitativas como
el Test Bland-Altman, andlisis de correlacion de Pearson, indice
de correlacion intraclase, coeficiente de Lin, t de Student, los
coeficientes de determinacion (%) y el error relativo. Esta eva-
luacion se realiza comparando los resultados obtenidos por las
ecuaciones y los valores de la variable de salida medidos por la
técnica indirecta utilizada en cada uno de los trabajos.

RESULTADOS

GENERALIDADES

Los documentos analizados presentan dos tipos de metodolo-
gia: la primera corresponde al desarrollo de ecuaciones a partir
de valores encontrados por los métodos de andlisis de composi-
cion corporal basados en equipos médicos y la segunda permite
la validacion de ecuaciones, desarrolladas por otros autores, en
contextos especificos. La figura 1 presenta de manera cuantita-
tiva el total de documentos resultantes de cada etapa y denota
que solo el 7 % del total articulos encontrados se determing apto
para analisis de datos.

(n= 424 articulos)

Registros identificativos mediante la bisqueda en bases de datos electrénicas

Y

Referencias excluidas por criterios de inclusion

y exclusion
(n=208)

Y

Referencias preseleccionadas
(n=216)

Y

Y

Referencias excluidas (n = 144) por:
Repetido (n=17)
Respuesta incompleta a preguntas (nn = 127)

Referencias elegibles para evaluacion de calidad
con escala PEDro
(n=72)

Y

Y

Referencias excluidas por baja calidad
metodoldgica (n = 34)

Referencias con buena calidad metodoldgica
(n=38)

\J

\

Exclusion por poblacion menor de 18 afios

(n=8

Referencias seleccionada
(n =30)

Figura 1.

Diagrama de flujo de PRISMA para
seleccion de articulos.
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VARIABLE DE PREDICCION

Analizadas las 30 fuentes, se observa una tendencia general
orientada al calculo de grasa corporal, bien sea MGC o PGC. El
66 % de los articulos revisados predice una de estas variables,
14 de ellos (47 %) calculan PGC, 13 lo hacen de manera exclu-
siva y uno incluye la variable MGC. Siete calculan MGC (23 %),
cuatro de ellos lo hacen de manera exclusiva, dos incluyen la
prediccion de musculo representado por MME y el restante
incluye PGC. Ocho articulos (27 %) elaboran ecuaciones para
determinar musculo (MME) y cinco de estos lo hacen de ma-
nera exclusiva. Un articulo calcula MLG en conjunto con MME.
Finalmente, solo dos articulos (7 %) se enfocan en el célculo de
energia representada en la tasa metabolica basal (TMB).

La tabla | presenta el resumen cuantitativo de las variables de
prediccion por articulo. Estas se agrupan de acuerdo al conjunto
de variables que procesa cada documento.

Tabla I. Resultados variables
de prediccion

panable Cantidad Referencia
que predice
GG 4 (27-30)
MGC
e 5 (24,31)
G > (22,25)
MLG
MME 1 ©
MME 5 (33-37)
- 13 (11,12,26,38-47)
PGC
MGC 1 =
T™MB 2 (21,48)
Total general 30

MGC: masa grasa corporal; MME: masa musculoesquelética; MLG: masa libre de
grasa; PGC: porcentaje de grasa corporal; TMB: tasa metabdlica basal.

VARIABLES DE ENTRADA

Las variables de entrada o variables independientes utilizadas
por los articulos para el desarrollo de sus sistemas de ecuacio-
nes fueron disimiles entre si. A pesar de que los documentos
predicen una misma variable, los parametros utilizados para su
calculo no necesariamente fueron 10s mismos.

Las variables independientes utilizadas para el desarrollo de
los modelos varfan de acuerdo con la variable de prediccion y los
procesos metodoldgicos propios de cada proyecto.

Las variables encontradas se clasifican segun sexo, edad, raza
y medidas antropométricas como: peso, talla, circunferencias,
pliegues, ancho de huesos y otras medidas como impedancia,
volumen corporal, agua, contenido mineral y disolucion isotdpica.

F. Eraso-Checa et al.

La tabla Il detalla la cantidad de documentos que incluyen una
determinada variable. La talla es el elemento que mas se repite
en las ecuaciones revisadas, pero no corresponde a un 100 %
de inclusion; 23 de los 30 la utilizan en sus ecuaciones, o que
corresponde a un 77 %. La segunda variable mas usada fue
el peso (63 %) y el 43 % de los estudios incluyen la edad. La
medida antropométrica de pliegues de triceps también tuvo una
participacion significativa dentro documentos, con un 30 %, al

Tabla Il. Cuantificacidn de variables
de entrada por proyecto

Variables Total documentos
de entrada que la usan

Sexo 8
Edad 13
Raza 2
Antropometria

Peso 19

Talla 23
Circunferencias

Antebrazo
Brazo
Cadera

A OO O N

Pantorrilla

—
w

Cintura
Cuello
Muslo
Pierna
Gluteo
Murieca

—_ a4 A a1 =

Pecho

Pliegues
Pecho
Axila
Triceps
Biceps
Subescapular
Abdominal
Muslo
Pantorrilla
Suprailiaco

— | BB W N OO N O wWw =

Ancho de huesos

Otros
Impedancia
Volumen corporal
Agua corporal

DN

Contenido mineral
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igual que la de circunferencia de cintura, con un 43,3 %; el sexo
se registra ocho veces (26,7 %), pero las demas variables son
utilizadas por menos de diez documentos.

Ademas de las variables antropométricas, cuatro de los referen-
tes (21-25) incluyen dentro de sus ecuaciones medidas de impe-
dancia o resistencia. Se observo que dos articulos (26,27) basan
sus calculos en el modelo de cuatro componentes de Fuller 4C,
que incluye datos de volumen corporal, agua y contenido mineral.

Once de 18 estudios que predicen grasa, bien sea a nivel de masa
en kilogramos o porcentaje, se apoyan en la medida de circunfe-
rencias para la realizacion de sus calculos y cuatro referentes que
calculan musculo hacen uso de estas mediciones. Ocho estudios de
18 que predicen grasa utilizan las medidas de pliegues y solo uno
que predice musculo utiliza los pliegues en sus ecuaciones. En la

1073

TIPIFICACION DE PACIENTES

La poblacion analizada total suma 13.130 pacientes, sin em-
bargo, las poblaciones entre los estudios no son comparables
entre si, dadas las diferencias en las caracteristicas demogra-
ficas y las condiciones fisicas y de morbilidad de cada grupo
poblacional.

La tabla Ill contiene la tipificacion de pacientes de cada uno
de los 30 estudios analizados: siete de ellos solo analizan muje-
res, siete solo analizan hombres, cuatro no especifican el sexo
y el resto incluyen informacion de ambos sexos. El estudio que
menos participantes reclutd corresponde a una poblacion de
34 individuos italianos con obesidad (IMC > 30 kg/m?). La
mayor densidad de poblacion de los estudios revisados fue de

tabla VI se encuentran las ecuaciones por referente.

2.225 pacientes italianos con obesidad (IMC > 30 kg/m?).

Tabla Ill. Caracterizacion poblacion estudios revisados

Referencia | Poblacion | Hombres | Mujeres Edades Raza Pais Condicion
(32) 498 166 332 > 50 NE Taiwan Sana
(31) 257 257 0 34,8-53,8 Caucasica Suiza Atletas de alto rendimiento
(11) 74 74 0 20,3-48,5 NE Reino Unido |NE
38) 1.031 0 1.031 NE Caucsica faia | oG - Gasficados pormie
(48) 101 0 101 26,3-46,3 NE Brasil g&%sfafocgfn!;
(39) 700 398 302 20-62 NE Israel Sana
(40) 810 283 527 18-59 Asiatica Japon Sana
1) 40 15 25 61-84 Caucasica [talia NE
(33) 986 611 375 > 65 NE Australia NE
(34) 763 345 418 18-69 Asiatica China NE
(30) 600 292 308 18-65 Asiatica Indonesia | NE
(26) 78 25 53 18-20,4 NE Eusﬁ(fss Sana
(35) 34 0 34 39,7-54,9 Caucasica [talia Obesidad (IMC > 30 kg/m?)
(21) 2.225 797 1.428 18-65 NE [talia Obesidad (IMC > 30 kg/m?)
(22) 72 35 37 60-83 NE NE NE
(23) 102 45 57 30-45 NE [talia Diabetes
Obesidad severa
(24) 115 32 83 18-60 NE NE (IMC > 40 kg/m?)
(25) 116 61 55 49,3-82,25 NE Georgia fgrggs!e;aassa%f:'ms
(42) 132 52 80 > 60 NE Brasil NE
(43) 127 NE NE 60-91 NE Brasil NE
(44) 78 29 49 35-68 NE Brasil ﬁ&%efe?fg l{g‘jﬁfg'dad
(28) 416 194 222 18-88 NE Escocia NE
(36) 1.262 837 425 > 40 NE Japon NE
(12) 151 0 151 18-59 NE Colombia | NE
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Tabla Ill (Cont.). Caracterizacion poblaciéon estudios revisados

Referencia | Poblacion | Hombres | Mujeres Edades Raza Pais Condiciéon
(45) 642 234 408 18-80 NE Grecia NE
(29) 196 0 196 Grecia Posmenopausia
(46) 130 0 130 18-35 NE Brasil NE
47) 1136 518 618 18-81 Asiatica Manda | NE
Caucéasica
. Estudiantes universitarios
(37) 131 131 0 18-36 NE Brasil P
Educacion fisica
Caucasica (104) Estados
27) 127 NE NE 26,4-45,2 | Afroamericana (19) ) NE
R Unidos
Hispanica (3)

NE: no especificada.

En cuanto a particularidades, los estudios no son especificos
en ellas, de manera explicita: cuatro estudios trabajan con po-
blacién completamente sana; dos, con atletas en formacion o de
alto rendimiento; dos, con poblacion que padece algin tipo
de morbilidad; y cinco estudios se enfocan en poblacién con so-
brepeso y obesidad.

METODOS DE ANALISIS

Todos los estudios desarrollan un comparativo cuantitativo
con alguno de los métodos de andlisis de composicidn corporal,
directos, indirectos o doblemente indirectos, € incluso se ob-
servan trabajos que comparan con mas de un método. De los
30 trabajos analizados, 20 utilizan DEXA; 15 lo hacen de manera
exclusiva, pero cinco lo utilizan en conjunto con otros métodos
como BIA (5), pletismografia (1) e hidrodensitometria (1). En once
articulos se correlacionan los resultados de las ecuaciones con
el método de impedancia hioeléctrica; seis lo hacen de manera
exclusiva y cinco lo combinan con DEXA. Los cuatro articulos
restantes utilizan otros métodos, como se observa en la tabla IV.

METRICA DE EVALUACION

La tabla V, presenta las métricas de evaluacion de cada uno de
los documentos consultados. Las técnicas utilizadas pueden ser
muy diferentes entre si, pero todos los trabajos parten del analisis
de Bland-Altman para comparacion de técnicas de medicion so-
bre una misma variable o para verificacion de reproducibilidad y la
evaluacion la realizan mediante diversas técnicas como el indice de
correlacion intraclase (ICC) (cinco estudios lo utilizan), el coeficiente
(r) de correlacion de Pearson (nueve estudios), el coeficiente de de-
terminacion () (14 estudios), el error relativo (SEE) (cinco estudios),
la distribucion de probabilidad p de la t de Student (cuatro estudios),
el coeficiente de Lin (tres estudios) y el area bajo la curva (un estu-
dio). Dos documentos no reportan la técnica de evaluacion utilizada.

Los resultados de evaluacion encontrados difieren depen-
diendo de la técnica de comparacion y la variable de salida. Los
valores del indice de correlacion intraclase reportados por los

Tabla IV. Herramientas de analisis
de composicion corporal, directos,
indirectos o doblemente indirectos,

usadas como comparador cuantitativo

Etiquetas de fila Total documentos
DEXA 15
DEXA
BIA

DEXA
BIA 1
Hidrodensometria

DEXA
BIA 1
Pletismografia

3

Hidrodensitometria

BIA

Pesaje bajo el agua

RMN

Técnica de dilucion de 0xido de deuterio

a|la|lalo| =

Total general 30

DEXA: absorciometria rayos x; BIA: impedancia bioeléctrica,
RMN: resonancia magnética nuclear.

estudios analizados se encuentran entre 0,62 y 0,976. Los in-
dices de correlacion de Pearson revisados se encuentran entre
0,7 y 0,96, pero la mayoria de los estudios sitlian esta métrica
por encima de 0,8, es decir, que la correlacion encontrada es
significativamente acertada. En cuanto al coeficiente de deter-
minacion (r?), sus valores son diversos para cada estudio, pero
principalmente son mayores de 0,7 y menores de 0,93. En la
mayoria de 10s casos se realiza una segregacion por sexo, de
tal forma que la métrica de evaluacion para una misma técnica
difiere para hombres y mujeres.

La tabla VI sintetiza las ecuaciones resultantes en cada uno de
los estudios analizados. Para aquellos estudios que trabajan con
gcuaciones de terceros, se presenta el nombre de la ecuacion
utilizada con mejor evaluacion.
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Tabla V. Evaluacion de modelos
et HI Coeficiente de
. indice Coeficiente . . Error relativo | t de Student | Coeficiente
Referencia .. .. determinacion .
correlacion relacion Pearson ) (SEE) (p) de Lin
intraclase (r)
Mujeres 0,9
(32) Hombres 0,85
Ec. Ball 0,62
(31) Ec. Lee 0,53
(11) >0,7 0,85 >0,05
(38) 0,758
(48) 0,8
39) Hombres 0,78 Hombres 0,89
Mujeres 0,65 Mujeres 0,86
(49 Peterson 0,88 Peterson 0,8
DEXA
Ec. CunBAE 0,93
Ec. BAI0,9
(49) BIA 0,74
ADP
Ec. CunBAE 0,4
Ec. BAI 0,9
(33)
(34) 0,9-0,93 0,05
(30) 0,82-0,86 0,67-0,74 4,7-5,4 %
(26) 3,40 %
(35) 0,123-0,504 4-11 %
Modelo 1:
Hombres 0,621
1) Mujeres 0,688
Modelo 2: Hombres
0.647
Mujeres 0,707
Ec.1.0,94
(22) Ec.2.0,96
23) Ec.1.0,87 Ec. 1. < 0.0001
Ec.2.0,94 Ec. 2. < 0.0001
DEXA
@4 MME 0,864
(25)
DEXA
Ec. D&W
(42) Hombres 0,861
Mujeres 0,726
Hombres
Lean 11,48 %
(43) Mujeres
Ec. Deurenberg
22,88 %
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Tabla V (Cont.). Evaluacion de modelos
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e HE Coeficiente de
. indice Coeficiente . . Error relativo | t de Student | Coeficiente
Referencia .. ., determinacion .
correlacion relacion Pearson ) (SEE) (p) de Lin
intraclase (r)
Deurenberg 0,865
(44 Lean 0,862
CunBae 0,905
Hombres 0,79
(28) mujeres 0,84
DEXA 0,969 DEXA 0,938
BIA BIA
(36) Hombres 0,907 Hombres 0,843 <0,001
Mujeres 0,795 Mujeres 0,634
Ec.10,77
(12) Ec.20,76
(45) Ec.1 0,955 Ec. 10,914
Ec.2 0,976 Ec. 20,0951
(29) 0,835
(46) 0,768 0,591
7) Hombres 0,92 Hombres 3,4 %
Mujeres 0,86 Mujeres 4,1 %
(37) 0,85 0,73
(27)
Tabla VI. Ecuaciones desarrolladas por los estudios revisados
Referencia Ecuaciones Observaciones
MLG = 27,479 + 0,726"peso - 3,383*sexo - 0,672*IMC + 0,514*circunferencia antebrazo -
. | Masa en kg
62 0,245*circunferencia cadera Medidas en cm
MME = -4,287 + 0,202*peso - 0,166"circunferencia cadera - 1,484"sexo Sexo: hombre = 1. muier = 2
+ 0,173*circunferencia pantorrilla + 0,096™talla + 0,243*circunferencia antebrazo ' = 1 mujer=
MGC = 0,465 + 0,180*(S7SF) — 0,0002406* (S7SF)> + 0,0661*edad
31) MME = Talla*(0,00744*CAG? + 0,00088*CTG*+ 0,00441*CCG + 2,4*sexo — 0,048*edad Raza: caucasico = 0, Afro = 1
+raza+7,8
PGC = 0,920*peso - 0,004*peso? - 0,326 talla + 0,263*cadera +147,110*log(cintura) - 32,309*sqrt
(38) )
(cintura) - 332,116
@3 TMB = -139,947 - 586*edad - 12,195"peso + 7316*talla + 3856*cintura + 12,639*MLG
+ 24,475*'MGC
39 PGCh = 10,1 — 0,239*talla + 0,808*circunferencia abdomen — 0,518*circunferencia cuello
PGCm = 19,2 — 0,239*alla + 0,808*circunferencia abdomen — 0,518*cuello
(40) PGC = 10,558*sexo + 0,069*edad + 0,667*IMC + 0,314*circunferencia abdomen — 35,881 Sexo: hombre = 1, mujer = 2
@) PGC = -44,988 + 0,503*¢edad + 10,689*sex0 + 3,172*IMC - 0,026*IMC? + 0,181*IMC*sexo -
0,02*IMC*edad - 0,005*IMC**sexo + 0,00021*IMC**edad
63 MME = 10,047427 + 0,353307*peso - 0,621112*IMC - 0,022741*edad + 5,096201
(si es hombre)
(30) PGC = 17,026 + 0,509*pliegue triceps + 0,342*pliegue cresta iliaca - 5,594*sexo Sexo: hombre = 1, mujer =0
(26) MGC = [(2,747*VC) - (0,710*ACT)] + [(1,460*CMO) - (2,050*peso)]

(Contina en pagina siguiente)

[Nutr Hosp 2023;40(5):1068-1079)]



MODELOS DE COMPOSICION CORPORAL BASADOS EN ANTROPOMETRIA: REVISION SISTEMATICA DE LITERATURA 1077

Tabla VI (Cont.). Ecuaciones desarrolladas por los estudios revisados

Referencia

Ecuaciones

Observaciones

(1)

Modelo 1

Hombres TMB = 13,3*peso — 2,54*edad + 866

Mujeres TMB = 13,5*peso — 2,40*edad + 584

Modelo 2

Hombres TMB = 11,5*peso — 3,32*edad + 6,15*Bl-Index + 46,1*PhA + 313
Mujeres TMB = 12,3"peso — 2,10*edad + 4,96™Bl-Index + 42,7*PhA + 143

MLG = 0,671*10*"talla®/Resistencia + 3,1*genero + 3,9
MLG = 0,360*10**talla%/Resistencia) + 0,359*peso + 4,5*genero - 20*circunferencia muslo + 7,0

PGC =22,3"R*IMC - 2,2
MGC = 1,1*talla?R - 3,1

MME = 13,861 + 0,259*talla%/Z — 0,085*edad — 3,983*sexo

Sexo: hombre = 0, mujer = 1

MLG = 11,78 + 0,499*alla?/R + 0,134 *peso + 3,449*sexo

Sexo: hombre =1, mujer=0

Dhombres = 1,1765 - 0,0744 log 2SF
Dmujeres = 1,1339 - 0,0645 log 3SF
PGC = (4,95/D) — 4,50)*100%

Deurenberg: PGC = 1,2*IMC + 0,23*edad — 10,8*sex0 — 5,4
Lean: PGChombres = 1,33*IMC + 0,236*edad — 20,2

Sexo: hombre =1, mujer=0

(44)

Deurenberg: PGC = 1,2*IMC + 0,23*edad — 10,8*sex0 — 5,4

Lean: PGChombres = 1,33*IMC + 0,236*edad — 20,2

PGCmujeres = 1,21*IMC + 0,262*edad — 6,7

CunBae: PGC = — 44,988 + 0,503*edad + 10,689*sexo + 3,172*IMC — 0,026*IMC? + 0,181*
IMC*sexo — 0,02*IMC*edad — 0,005*IMC?*sexo + 0,00021*IMC?*edad

Deurenberg:

Sexo: hombre =1, mujer=0
CunBae:

Sexo: Hombre = 0, mujer = 1

MGChombres = 0,198"peso + 0,478*cintura — 0,147*talla —12,8
MGC muijeres = 0,789*peso + 0,0786"edad — 0,342*talla + 24,5

MME = 2,955*sex0 + 0,255*peso - 0,130*circunferencia cintura + 0,308*circunferencia pantorrilla
+0,081*talla - 11,897

Sexo: hombre = 1, mujer =0

PGC1 = 11,76 + 0,324"pliegue triceps + 0,133*pliegue pantorrilla media + 0,347*pliegue abdomen
+ 0,068*edad - 0,135*talla

PGC2 = 11,37 + 0,404 pliegue triceps + 0,153*pliegue axilar + 0,264*pliegue abdomen

+ 0,069*edad - 0,099*talla

(49)

Ec1 PGC =-0,615 - 10,948*sexo + 0,321*circunferencia cintura + 0,502*circunferencia cadera -
0,39*circunferencia antebrazo - 19,768*talla

Ec 2, PGC = -27,787 - 5,515*sex0 - 8,419*talla + 0,145*circunferencia cintura + 0,27*circunferencia
caderas + 7,509 log(pliegue muslo) + 20,09 log(zSF pliegues biceps, triceps, suprailiaco,
subescapular) - 0,445 circunferencia antebrazo

Sexo: hombre =1, mujer=0

@9

MGC =-31,913 + 0,333"circunferencia cintura + 0,840*IMC + 0,064*(pliegues biceps + triceps)

(46)

PGC =—11,85 + 0,2394*circunferencia cintura + 0,713*circunferencia brazo — 0,676*circunferencia
antebrazo + 0,502*circunferencia cadera — 0,357*circunferencia muslo — 0,121*peso

(47)

PGChombres = 0,1*edad + 7,6 log(pliegue triceps) + 8,8 log(pliegue axila) + 11,9 log
(pliegue supraespinal) - 11,3

PGCmuijeres = 0,1*edad + 39,4 log(circunferencia cintura) + 4,9 log(pliegue axila) + 11 log
(pliegue biceps) + 9,1 log(pliegue pantorrilla) - 73,5

@7)

Ecuacion de Lee
MME = talla*(0,00744*circunferencia brazo*+ 0,00088*circunferencia muslo?
+ 0,00441*circunferencia pierna’\2) + 2,4*sexo — 0,048*edad + Raza + 7,8

Sexo: hombre =1, mujer=0
Raza: asiaticos = -2,
afrodescendientes = 1,1,
caucasicos = 0

@7

Ecuacion de Wang
MGC = 2,748*volumen corporal - 0,699*Total agua + 1,129*mineral huesos - 2,051*peso

MGC: masa grasa corporal; MME: masa musculoesquelética; MLG: masa libre de grasa; PGC: porcentaje de grasa corporal; TMB: tasa metabdlica basal; IMC: indice
de masa corporal; S7SF: suma del grosor de pliegues cutaneos en pecho, axilar, triceps, subescapular, abdominal, suprailiaco, hermético, CAG: pliegues cutdneos
de brazo; CTG: pliegues cutdneos de muslo; CCG: pliegues cutdneos de pantorrilla; VC: volumen corporal en litros (pletismografia); ACT: agua corporal total en litros
(dilucion isotdpica); CMO: contenido mineral dseo en kg (DEXA); Bl-Index: indice de bioimpedancia; PhA: dngulo de fase; R: resistencia del cuerpo; Z: impedancia del
cuerpo, 2SF: sumatoria de ancho de pliegues triceps, biceps, subescapular y suprailiaco.

[Nutr Hosp 2023;40(5):1068-1079]



1078

DISCUSION

Al analizar la literatura en relacion a composicion corporal,
se advierte que los investigadores se encuentran interesados
especificamente en la cuantificacion de masa corporal, princi-
palmente, los compartimientos de grasa y masculo, siendo este
ultimo menos valorado. Esto podria deberse a que los investiga-
dores asocian los compartimientos analizados como predictores
adecuados de enfermedades, entre ellas, obesidad, sarcopenia y
enfermedades asociadas.

Cada uno de los referentes consultados, salvo aquellos que
se basan en el modelo 4C que utiliza agua y contenido mineral,
no utilizan las mismas variables antropométricas para el calculo
de MGC, PGC, MME, MLG o TMB, por lo tanto, no se evidencia
un estandar proveniente de una correlacion significativa entre
variables de entrada y variables de salida.

El principal método de comparacion es DEXA, pero también es
muy comun el uso de BIA. En ambos casos se requieren equipos
especializados que pueden ser de diferentes caracteristicas. En
el caso del DEXA, no se considera prudente su uso frecuente
debido al peligro de afectar la salud del paciente por exposicion
a la radiacion. También es importante mencionar que DEXA es
adecuado para la cuantificacion de masa grasa, pero a nivel de
masa muscular no es tan especifica, para lo cual el TAC provee
el estandar adecuado (7).

Las métricas de evaluacion son variadas, pero se analizan las
variables principalmente mediante el coeficiente de determina-
cion () y el coeficiente de correlacion de Pearson (r). Los valores
resultantes pueden no ser comparables entre estudios debido a
que las poblaciones son diferentes y con muchas especificida-
des, es decir, que cada poblacion tiene caracteristicas particula-
res especialmente relacionadas con edades, condiciones fisicas
y condiciones de salud.

CONCLUSIONES

Los estudios analizados se orientan mayoritariamente a la pre-
diccion de variables relacionadas con la masa de grasa corporal,
especificamente MGC o PGC, siendo en realidad una variable
similar pues el PGC es la cuantificacion porcentual del MGC. Su
validacion puede realizarse con base en cualquier método indi-
recto o doblemente indirecto, siendo los mas utilizados DEXA
y BIA. Las ecuaciones encontradas se evaltian principalmente
mediante el coeficiente de determinacion y el de correlacion,
pero los resultados, en todos los estudios positivos, se adaptan
a las poblaciones objeto de estudio y sus especificidades. La
generalizacion de estos modelos no es aconsejable en otro tipo
de poblaciones.
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Abstract

Objective: to explore the association between serum vitamin D level and the occurrence and pathological grade of gastric cancer.

Material and methods: search PubMed, Embase, Web of Science, Cochrane and Chinese database; all articles about the association between
serum vitamin D levels and gastric cancer published before July 2021.

Results: 10 trials with 1159 cases of gastric cancer patients and 33,387 cases of regular control patients were analyzed. The serum vitamin
D level of the gastric cancer group (15.56 + 7.46 ng/ml) was lower than in the control group (17.60 + 1.61 ng/ml), and the difference was
statistically significant. The patients with gastric cancer, clinical stage llIl/IV (16.19 + 8.04 ng/ml) had lower vitamin D levels than those with stage
1/11(19.61 = 9.61 ng/ml), and the patients with low differentiation of gastric cancer (17.5 + 9.5 ng/ml) had lower levels than those with well- or
moderately-differentiated cancer (18.04 + 7.92 ng/ml). The patients with lymph node metastasis (19.41 + 8.63 ng/ml) had lower vitamin D

Keywords: levels than the patients without lymph node metastasis (20.65 + 7.96 ng/ml), and the difference was statistically significant.
Stomach neoplasm. Vitamin ~ Gonclusion: vitamin D levels were negatively associated with gastric cancer. Vitamin D levels were significantly associated with different clinical
D. Meta-analysis. stages, degrees of differentiation, and lymph node metastasis, suggesting that low vitamin D levels might predict poor prognosis in gastric cancer.
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Palabras clave:

Tumores gastricos.

Resumen

Objetivo: investigar la asociacion entre los niveles de vitamina D en suero y la carcinogénesis gastrica y su clasificacion patologica.

Material y métodos: se buscaron en las bases de datos PubMed, Embase, Web of Science, Cochrane y China todos los articulos sobre la
asociacion entre los niveles séricos de vitamina D y el cancer gastrico publicados antes de julio de 2021.

Resultados: se analizaron diez datos de 1159 pacientes con cancer gastrico y 33.387 pacientes normales de control. El nivel de vitamina D en
suero del grupo (15,56 + 7,46 ng/ml) de cancer gastrico era inferior al del grupo de control (16,19 + 8,04 ng/ml), y la diferencia era estadistica-
mente significativa. En los pacientes con cancer gastrico en estadio clinico llIl/IV (16,19 + 8,04 ng/ml) era inferior al de los pacientes en estadio
I/l (19,61 + 9,61 ng/ml) y en los pacientes con cancer de estémago poco diferenciado (17,5 + 9,5 ng/ml) era menor que en los pacientes con
cancer bien o moderadamente diferenciado (18,04 + 7,92 ng/ml); en los pacientes con metastasis en ganglios linfaticos (19,41 + 8,63 ng/ml)
era inferior al de los pacientes sin metastasis en ganglios linfaticos (20,65 + 7,96 ng/ml), siendo la diferencia estadisticamente significativa.

Conclusién: los niveles de vitamina D se correlacionaron negativamente con el cancer gastrico. Los niveles de vitamina D se asociaron signi-
ficativamente a los diferentes estadios clinicos, el grado de diferenciacion y la metdstasis en ganglios linfaticos, lo que sugiere que los niveles

Vitamina D. Metaandlisis.

INTRODUCTION

bajos de vitamina D pueden ser un factor de prediccion de mal pronéstico en el cancer gastrico.

METHODS

Gastric cancer is the fifth most common cancer and the third
most common cause of cancer death globally (1). According to
statistics, there were about 1 million newly diagnosed cases of
gastric cancer in 2018 (2); approximately 784,000 people died
of stomach cancer (1). The incidence and mortality of gastric
cancer has plummeted in recent years, partly due to broader
population screening and increased awareness of the treatment
of Helicobacter pyloriinfection (3).However, cancer is still a major
health problem affecting Chinese people and people all over the
world. According to the latest statistics, there are 319,000 new-
ly diagnosed cases of gastric cancer and 390,000 cases died
of gastric cancer in China (3). Although interventions have been
made to reduce the burden of cancer, the first task is to identi-
fy possible risk factors related to cancer risk (4). Therefore, we
urgently need predictors of early gastric cancer that are easy to
identify, obtain, and improve.

Recently, the role of vitamin D in gastric cancer has been
gradually explored. Vitamin D is a precursor of the steroid
hormone calcitriol. It mainly binds to vitamin D receptors to
regulate gene expression, thereby inhibiting the growth of
gastric cancer cells (5,6). It is known that vitamin D has the
effects of inhibiting proliferation, promoting apoptosis, and
inhibiting inflammation and angiogenesis (6). Recently, it has
been discovered that it can also overcome the resistance of
chemotherapy drugs by reversing or reducing EMT (epithe-
lial-mesenchymal transition) and cancer cell stemness (7).
There is currently no human randomized controlled trial to
clearly support the beneficial effects of vitamin D; however,
some clinical research results strongly indicate that vitamin
D deficiency will increase the incidence of cancer, and sup-
plementing vitamin D may be an economical and safe method
to reduce the incidence of cancer and improve the prognosis
of cancer (8). This study collects relevant clinical studies and
conducts systematic reviews and meta-analyses to clarify the
correlation between serum vitamin D levels and the occur-
rence of gastric cancer and different clinicopathological char-
acteristics. Moreover, it also provides relevant evidence for
the role of vitamin D in the primary prevention and long-term
prognosis of gastric cancer.

[Nutr Hosp 2023;40(5):1080-1087]

INCLUSION AND EXCLUSION CRITERIA

Inclusion criteria: 1) all articles related to vitamin D and gastric
cancer published before July 2021, the language type is lim-
ited to English and Chinese, including cross-sectional studies,
case-control studies; 2) at least one parameter required by this
research can be extracted, including the serum vitamin D levels
of the experimental group and the control group, the serum vi-
tamin D levels of patients with different clinical grades, degrees
of differentiation, and distant metastasis; 3) hematological indi-
cators of all subjects were collected before radiotherapy, chemo-
therapy or surgery.

Exclusion criteria: 1) repetitive literature, literature reviews, grad-
uation theses, case reports, etc.; 2) animal experiments or basic
research; 3) documents for which the full text cannot be obtained;
4) documents for which the required data is not available or cannot
be obtained; 5) do not clearly state the status of vitamin D supple-
mentation before obtaining serological specimens.

SEARCH STRATEGY

Our search database of PubMed, Embase, Web of Science,
Cochrane, and Chinese database before July 2021. The search
terms mainly include: “vitamin D”, “gastric cancer”, “stomach
neoplasm”, etc. The search languages are limited to Chinese and
English. In addition, a manual search was conducted on the refer-
ences of the subject-related articles to expand the search scope.
Taking Embase, which has the most documents, as an example,
the search terms were as follows: ((((((((((((((((((((“Stomach Neo-
plasm”) OR “Neoplasms, Stomach”) OR “Gastric Neoplasms”) OR
“Gastric Neoplasm”) OR “Neoplasm, Gastric”) OR “Neoplasms,
Gastric”) OR “Cancer of Stomach”) OR “Stomach Cancers”)
OR “Gastric Cancer”) OR “Cancer, Gastric”) OR” Cancers, Gas-
tric”) OR “Gastric Cancers”) OR “Stomach Cancer”) OR “Cancer,
Stomach’) OR” Cancers, Stomach”) OR “Cancer of the Stomach”)
OR “Gastric Cancer, Familial Diffuse”)) AND ((((((vitamin D) OR
(((((Ergocalciferols) OR Calciferols) OR Vitamin D 2) OR Vitamin
D2) OR “D2, Vitamin”) OR Ergocalciferol)) OR ((((((Cholecalciferol)
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OR Calciol) OR “(@3 beta,5Z,7E)-9,10-Secocholesta-5,7,10(19)-
trien-3-ol) OR Vitamin D 3) OR Vitamin D3) OR Cholecalciferols))
OR ((((CccccereceeeuUuarcitrion OR 1 alpha,25-Dihydroxyvitamin
D3) OR 1 alpha,25 Dihydroxyvitamin D3”) OR “D3, 1 alpha,25-Di-
hydroxyvitamin”) OR “1,25-Dihydroxyvitamin D3”) OR “1,25 Di-
hydroxyvitamin  D3”) OR” D3, 1,25-Dihydroxyvitamin”) OR” 1
alpha,25-Dihydroxycholecalciferol”) OR “1,25-Dihydroxycholecalcif-
erol”) OR “1,25 Dihydroxycholecalciferol”) OR “Bocatriol) OR Calci-
jex”) OR “Calcitriol KyraMed”) OR” KyraMed, Calcitriol”) OR “Calcitri-
ol-Nefro”) OR “Calcitriol Nefro”) OR Decostriol) OR “MC1288") OR
“MC-1288") OR “MC 1288") OR Osteotriol) OR Renatriol) OR Ro-
caltrol) OR Silkis) OR Sitriol) OR Soltriol) OR Tirocal) OR ‘20-epi-1al-
pha,25-dihydroxycholecaliferol”)  OR  “1,25-dihydroxy-20-epi-Vi-
tamin D3’) OR “1,25 dihydroxy 20 epi Vitamin D3”) OR” D3,
1,25-dihydroxy-20-epi-Vitamin”) OR “1,25(0H)2-20epi-D3”) OR “1
alpha, 25-dihydroxy-20-epi-Vitamin D3”)))).

LITERATURE QUALITY ASSESSMENTS

The Newcastle-Ottawa Quality Assessment Scale (NOS) was
used to assess the case-control studies’ quality. NOS includes
three aspects, selection, comparability, and exposure or results.
The total score is 9 points. The total score of included studies
is > 6 points, considered high quality (9). Research scores in-
cluded in this study are all > 6 points, and the total average
score is 8 points. Evaluation of 2 cross-sectional studies using
the cross-sectional study evaluation criteria recommended by
the Agency for Healthcare Research and Quality (AHRQ) (10). The
entire score is 11 points, and the two studies are 9 points (11)
and 8 points (12), both of which are high-quality articles. The
scoring results are shown in table I.

DATA COLLECTION

According to the inclusion and exclusion criteria, the first au-
thor’'s name, publication time, research location, number of cas-
es and parameters (including patient age and gender, smoking,
and drinking history, gastric mucosal tissue type, lymph node
metastasis, and pathological grading are recorded). The two au-
thors independently extracted the data (Zhao X, Wang J), and
the differences were resolved through discussion. When the ex-
tracted serum vitamin D concentration unit is inconsistent, it is
uniformly adjusted to ng/ml.

STATISTICAL METHOD

The RevMan5.4 provided by the Cochrane Library’s official
website and Stata 14 statistical software were used for the
meta-analysis, and the Q statistic test and I> test were used to
analyze the heterogeneity of the included studies. If there was
significant heterogeneity between studies (p < 0.1, 1> 50 %),
then the source of heterogeneity was analyzed. Apparent clinical

Table I. Basic characteristics and quality evaluation

X. Zhao et al.
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heterogeneity was processed by analysis or sensitivity analysis
that eliminates each study to determine the potential source of
heterogeneity. After excluding the factors that affect heterogeneity,
the combined analysis of the research results adopted the random
effects model analysis; if heterogeneity was not significant, the
fixed effects model analysis was adopted. All measurement data
used mean difference (MD) as the effect indicator, and each effect
size is given with its 95 % confidence interval (Cl). A forest map
was plotted and compared the count data among multiple groups
of the single-factor analysis. When the difference of p was smaller
than 0.05, it was statistically significant. The Egger test was used
to evaluate publication bias. When p < 0.1, it was considered sta-
tistically significant, and there was publication bias.

RESULTS

BASIC CHARACTERISTICS AND QUALITY
EVALUATION

Seven hundred ninety-three related documents were first detect-
ed, and 27 duplicate documents were found. After reading the title
and abstract, 746 articles were excluded. After reading the com-
plete text, ten articles were finally included (11-20); the screening
flowchart is shown in figure 1, including 1159 cases of gastric
cancer patients and 33,387 cases of regular control patients.
The literature screening process and results are shown in figure
1, including 8 case-control studies (13-20), and 2 cross-sectional
studies (11,12), all coming from India, Iran, Turkey, South Korea,
China and other Asian countries. The essential characteristics and
the quality evaluation of the literature are shown in table I.

1083

STATISTICAL ANALYSIS

Comparison of serum vitamin D levels between
gastric cancer group and the healthy control

group

Among the included ten studies, only seven studies (11-17) com-
pared the serum vitamin D levels of the gastric cancer experimental
group and the normal control group, comparing 730 cases of gastric
cancer with 33,387 cases of normal individuals, and conducted a
meta-analysis of seven studies. Significant heterogeneity was found
during the analysis (>= 99 %, p< 0.00001). We found no significant
heterogeneity among subgroups of different vitamin D determination
methods and publication years (before or after 2018). After the sensi-
tivity analysis, it was finally found that there was no significant change
in heterogeneity after excluding any one of the studies. The analysis
showed that the vitamin D level of the gastric cancer group was sig-
nificantly lower than that of the standard group, and the difference
was statistically significant (MD = -8.28, 95 %Cl (-14.32 to -2.23),
p = 0.007), as shown in figure 2.

Vitamin D and clinical stage

Six studies (12,14,17-20) reported the serum vitamin D levels of
patients with different clinical stages of gastric cancer. A total of 650
patients with gastric cancer were analyzed, including 429 patients
with stage IV and 221 with stage I/Il. The results show significant
heterogeneity (>= 80 %, p = 0.0002). After submitting each study
one by one, it was found that there was no heterogeneity (°=0 %, p=
0.89) after excluding Li Qiang’s research, considering that Li Qiang’s
research subjects are older adults aged 62-83, and the sample size

Records identified through Additionnal records identified
database searching through other sources
(n=793) (n=0)
Records after duplicates removed
(n=1766)
> Records excluded on basis of
v title or abstract (n = 746)
Full text article asscssed
(n=20)
Excluded studies (n = 10)
> Not providing relevant outcomes (n=7)
Y Received vitamin D supplements (n = 3)
Studies included
(n=10)

Figure 1.
The literature screening process and results.

[Nutr Hosp 2023;40(5):1080-1087]
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is small. Not including Li Qiang’s research, the results showed that
the vitamin D level of patients with stage Ill/IV was lower than that of
patients with stage I/Il, and the difference was statistically significant
(MD = -3.57, 95 % Cl (-4.21 t0 -2.92), p < 0.00001 ), as shown
in figure 3.

Vitamin D and degree of differentiation

Six studies (12,13,17-20) reported a total of 677 patients
with differently differentiated gastric cancer patients with serum
vitamin D levels, and the results suggest severe heterogeneity
(=80 %, p = 0.0002). The sensitivity analysis suggests there
is no significant improvement in heterogeneity after excluding
any one study. The poorly differentiated serum vitamin D level or
other differentiated gastric cancer patients was significantly low-
er than that of well or moderately-differentiated gastric cancer
patients. The difference was statistically significant (MD = -2.59,
95 % Cl (-4.85 t0 -0.66), p = 0.03), as shown in figure 4.

X. Zhao et al.

Vitamin D and lymph node metastasis and
distant metastasis

Three studies (18-20) reported 404 cases of gastric cancer,
including 191 cases of NO/N1 gastric cancer and 213 cases of
N2/N3 gastric cancer. The analysis demonstrated that there was
no heterogeneity (= 0 %, p=0.72) . The serum vitamin D level
of patients with lymph node metastasis N2/N3 is lower than that
of patients with NO/N1, and the difference is statistically signif-
icant (MD = -0.55, 95 % Cl (-0.77 10 -0.32), p < 0.00001), as
shown in figure 5. Four studies (17-20) reported 392 patients
with gastric cancer, including 62 patients with gastric cancer
with distant metastasis and 330 patients with gastric cancer
without distant metastasis. The difference was not statistically
significant (MD = -2.57, 95 % Cl (-6.73-1.58), p = 0.23). In
addition, we also analyzed the differences in serum vitamin D
levels by age, gender, smoking habit, drinking habit, and time of
onset (whether more than four months), and the results showed
no statistical significance.

gastric cancer control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ban, A ¥ 2016 1012 &78 101 1812 736 99 14.6% -8.00[-9.84,-6.16] =
Durak, 52013 11 g 7T 16 f B4 146% -5.00 [-6.86,-3.14] =
Eom 5 2018 171 &89 72 0 65 91 14.4% -2.90[-5.25,-0.45] >
Hedayatizadeh-Omran, 2020 2686 146 50 3172 134 a0 13.1% -4 86 [-10.35, 0.63] =
Kewin, A2021 13.83 6097 94 2915 413 94 14 6% -1532[16.79,-13.85] =
Kwrak JH2020 17.4 083 218 175 01 32001 147% -010[-0.18,-0.02] 1
Feng, ¥ 2014 16542 481 118 37.33 1432 fi8 14.0% -21.91 [-25.43,-18.39] =
Total (95% CI) 730 33387 100.0%  -8.28[-14.32,-2.23] L 4
Heterogeneity; Tau®= 64.50; Chi*= 662,62, df= 6 (P = 0.000013; F= 99% f f f |
Testfor overall effect 7 = 2.68 (P = 0.007) -100 gafson_iccance',uwml,ol 50 1

Figure 2.

Serum vitamin D levels between the gastric cancer group and healthy control group. The analysis showed that the vitamin D level of the gastric cancer group was significantly

lower than that of the normal group.

i I Mean Difference Mean Difference
Study or Subaroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Bao, .Y 2016 891 503 57 1168 B36 44 TO% -2.77 [5.06-0.45]
Chao Ren 20132 18412 TATZ 122 3242 11976 75 46% -4.01 [7.00,-1.01] 5
Hedayatizadeh-Omran, & 2020 279 15 33 2847 152 11 04% -05TH10.81,9.77] =
Kevin, A2021 1329 B01  F7 1625 537 17 A1% -2.96[5.80,-0.17] -1
Li,a 2014 1502 447 54 24127 303 11 0.0% -910[11.25 -6.94]
Wang, ¥ L 2019 1672 147 86 2039 27 63 81.8% -367 [4.38,-2.96] [ |
Total (95% CI) 375 210 100.0% -3.57 [4.21,-2.92] |
Heterogeneity: Chi*=1.13, df= 4 (P = 0.89); F= 0% f f f |
Testfor overall effect Z=10.86 (P = 0.00001) -1o0 50 |||r|va| 50 100

Figure 3.

Serum vitamin D levels between different clinical stages. The vitamin D level of patients with stage IIl/IV was lower than that of patients with stage I/Il.
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Publication bias and sensitivity analysis

We performed the Egger test to evaluate publication bias on
seven articles (11-17) that included control of gastric cancer and
regular patients and finally found no obvious publication bias
(p = 0.395). We included six articles on different clinical stages

1085

of gastric cancer patients (12,14,17-20) and the Egger test to
evaluate publication bias, and no obvious publication bias was
found (p = 0.685). Evaluation of 6 articles with different degrees
of differentiation (12,13,17-20) found the difference was statis-
tically significant (p = 0.055), suggesting a publication bias, as
shown in figure 6.

poor/others wellimoderate Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chan Ren 2012 19.556 10.044 167 19.852 5372 30 183%  -0.30[2.75 2.16)
Hedayatizadeh-Ornran, 42020 22.25 1319 3329 135 17 53% -11.04[19.72,-2.36] o
Kewin, A2021 1246 512 41 1489 B39 53 187%  -2.43[4.76,-0.10]
Li,2 2014 1314  33% 32 18.83 375 33 205%  -5.68[7.42-3.96) -
Wang,». L2014 1846 1088 73 1753 785 94 16T% 0.93[-2.03,3.89)
Zeng, Y 2014 1396 431 45 1633 507 73 206%  -2.37 [4.08 -0.66]
Total (95% CI) 377 300 100.0%  -2.59 [-4.85,-0.32] L
Heterogeneity; Tau®= 5.73; Chi*= 24.58, df= 5 (P = 0.0002); F= 80% f t f f |
Test for overall effect Z = 2.24 (P = 0.03) -100 '?wmmers Uwell!mode?c?te 100

Figure 4.

Serum vitamin D levels between different degrees of differentiation. The serum vitamin D level of poorly differentiated or other differentiated gastric cancer patients was

significantly lower than that of well- or moderately-differentiated gastric cancer patients.

N2/N3 NO/MN1 Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% CI
Chao Ren 2012 18.72 745 114 2239 117 76 100% -3.67 [6.63,-0.71] =
Li2 2014 17.85 542 43 2076 4.23 22 150% -2.91[5.33,-0.49] =
Wang, X. L2018 16.77 3.29 86 18.2 3.23 93 750% -2.43[3.51,-1.35] [ |
Total (95% Cl) 213 191 100.0% -2.63 [-3.56, -1.69] |
Heterogeneity: Chi*= 0.66, df= 2 (F = 0.72); F= 0% F y = !
Testfor overall effect; £= 548 (P = 0.00001) 100 50 NQINSDNDIM 50 100

Figure 5.

Serum vitamin D levels between lymph node metastases. The serum vitamin D level of patients with lymph node metastasis N2/N3 is lower than that of patients with NO/N1.

Egger's publication bias plot

standardized effect

10 o

precision

Figure 6.
The publication bias. No obvious publication bias was found.

[Nutr Hosp 2023;40(5):1080-1087]

DISCUSSION

Our study concluded that decreased vitamin D levels increased
the risk of gastric cancer and were significantly associated with
different clinical grades, degrees of differentiation, and lymph
node metastases.

Vitamin D is a fat-soluble vitamin. The two main active forms are
vitamin D3 (cholecalciferol) and vitamin D2 (ergocalciferol). Vitamin
D3 is the only form of vitamin D that naturally occurs in animals. It
can produced from 7-dehydrocholesterol in the skin through sun-
light exposure. The synthesis of vitamin D3 in the skin is the most
important source of vitamin D, but vitamin D2 and vitamin D3 have
no biological activity, and both must be activated by 25-hydroxylase
in the liver and 1,25-dihydroxylase in the kidney to 1,25(0H),D3 (cal-
citriol) (6). Calcitriol is a potent steroid hormone that regulates gene
expression in most tissues after binding to vitamin D receptors (8).



1086

The current anti-tumor research of vitamin D mainly includes
the effect on cancer cell apoptosis and proliferation. Recently, it
has also been found that vitamin D also has a certain effect on
the tumor microenvironment and drug resistance in chemothera-
py. Studies have shown that 1,25(0H),D, can re-encode the can-
cer-associated fibroblast (CAF) genes to reduce the malignant
phenotype of colon cancer and directly inactivate CAF to achieve
the prevention and protection of colon cancer. It can also affect
immune cells and endothelial cells by stimulating CAF to secrete
signal factors (21). Vitamin D may participate in the resistance
of multiple drugs through different mechanisms, but the existing
molecular mechanisms mainly involve reversing or reducing the
epithelial-mesenchymal transition (EMT), and the inhibition of
cancer cell stemness. EMT is a cellular program that leads tumor
cells to have other characteristics of malignant tumors, such as
decreased apoptosis. The latest research has found that it can
cause tumors to develop resistance to chemotherapy, radiother-
apy and immunotherapy (7). Therefore, a large number of studies
have suggested that inhibition of EMT can effectively improve
tumor drug resistance. Studies have shown that EMT has oc-
curred after long-term use of the EGFR inhibitor erlotinib to treat
non-small cell lung cancer. Treatment with 1,25(0H),D, can re-
verse EMT and restore sensitivity through inhibition of TGF-B by
EMT induction of cancer cells (22). In addition, by inhibiting the
expression of LCN2 and phosphorylation of Nf-kB, oral cancer
cells can be sensitized to cisplatin again (23). In in vitro studies,
human colorectal cancer cells treated with vitamin D analog PRI-
2191 and imatinib had significantly down-regulated their expres-
sion of stemness-related genes, indicating that vitamin D plays a
crucial role in controlling to initiate cancer recurrence of residual
colon cancer cells (24).

The study’s results showed that the serum vitamin D level of
patients with gastric cancer was lower than that of normal in-
dividuals. It can be seen that adequate vitamin D levels have a
certain preventive effect on the occurrence of gastric cancer. In
the study of gastric cancer patients in different clinical stages, it
was found that the serum vitamin D level of patients with stage
ll/IV gastric cancer was significantly lower than that of patients
with stage I/II. It can be seen that vitamin D has a certain effect
on the prognosis of gastric cancer. There are two studies (18,19)
analyzing the survival data of patients with gastric cancer, and
the results suggest that patients with high vitamin D levels have
a longer survival time than patients with lower levels. The result
of Wang (18) suggest that the median survival time of patients
with vitamin D > 20 ng/ml is 52.4 + 4.98 months, and that
of patients with < 20 ng/ml is 29.8 + 5.15 months. Li Q’s re-
search (19) showed that the progression-free survival period of
gastric cancer patients with vitamin D greater than 20 ng/ml was
19 months (95 % Cl: 14.1-23.8 months), and the progres-
sion-free survival period of patients with < 20 ng/ml was
10 months (95 % Cl: 7.8-12.1 months), the difference being
statistically significant. Therefore, vitamin D levels may affect the
survival of patients with gastric cancer. However, few studies re-
port related outcomes, and many clinical studies are still needed
to confirm these findings.

X. Zhao et al.

Although some studies suggest that vitamin D is likely to play
arole in the neoadjuvant treatment or even in chemotherapy pre-
vention (18), existing studies have not confirmed that vitamin D
supplementation can improve the occurrence and prognosis of
tumors. Urashima M first proposed that vitamin D supplemen-
tation does not improve 5-year recurrence-free survival rate for
patients with gastrointestinal tumors (25). Interestingly, the re-
search team found that vitamin supplementation in high-grade
differentiation, signet ring-cell carcinoma, and squamous-cell
carcinoma cannot improve relapse-free survival (RFS), but vita-
min D supplementation can improve RFS in poorly differentiated
cancers (26). At the same time, they found that low levels of
bioavailable 25-hydroxyvitamin D (vitamin D that is not bound to
vitamin D binding protein) in gastric cancer patients with vitamin
D supplementation can significantly improve 5-year RFS (27). It
is undeniable that this study has certain limitations: the sample
size of each study is small, and some analyses only include three
documents, which may be biased; Egger test results included
in this article may show publication bias in some indicators of
the study, considering most published articles have positive re-
sults and negative effects may be missed; different determina-
tion methods of serum vitamin D levels in the included studies
may also bias the results. In general, vitamin D measurement
methods can be divided into two main approaches: strategies
based on immunoassays (CLIA, ECLIA, RIA, and ELISA), and
chromatographic methods including HPLC and liquid chromatog-
raphy-tandem mass spectrometry (LC-MS). The disadvantages
of immunoassays are the non-specificity of the used antibodies
and significant interference. Chromatographic techniques are
also burdened with certain limitations and drawbacks, espe-
cially the complex technical equipment and the time-consuming
preparation and evaluation of samples (28). The analytical per-
formance is highly variable, creating rules for defining regular
vitamin D status ranges (29). Vitamin D levels are affected by
the intensity of ultraviolet rays. Vitamin D status varies across all
continents and countries. Vitamin D status usually is adequate
in Latin America and Australia but, in contrast, it is deficient in
the Middle East and some countries in Asia. Therefore, our study
only analyzed Asian countries, and the results are limited (30).
Although the studies are all from Asia, the effects of ultraviolet
radiation intensity and sunshine duration at different latitudes
are not considered. Vitamin D is also affected by many factors,
such as other diets, absorbability, clothing styles, sunscreen use,
where you live, etc. (30). Therefore, we must design more rigor-
ous randomized controlled studies to verify the final results.

In conclusion, serum vitamin D level is correlated with the
occurrence, development and prognosis of gastric cancer. The
reduction of vitamin D increases the risk of gastric cancer. At
the same time, vitamin D levels are significantly related to dif-
ferent clinical stages, degrees of differentiation, and lymph node
metastasis. Therefore, serum vitamin D levels may be an essen-
tial factor in the prevention and prognosis of gastric cancer. There
is no apparent correlation between the patient’s age, gender,
smoking and drinking history, onset time, and distant metastasis.
Paying attention to serum vitamin D levels may become a clinical

[Nutr Hosp 2023;40(5):1080-1087]
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trend and make a specific contribution to the early detection and
treatment of gastric cancer. However, according to the quality
and sample size of the included articles, we need more rigorous-
ly designed, meticulous, high-quality, large-sample prospective
randomized controlled studies to verify this conclusion.
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Diet as a source of hydrogen sulfide and its effects on health and disease

Carolina Gdmez'?, Yolanda Contreras-Vargas', Arturo Serrano-Sanchez'?, Luz del Carmen Camacho Castillo’, David Centurion Pacheco?,
Karla Carvajal'

"Laboratorio de Nutricion Experimental. Instituto Nacional de Pediatria. Ciudad de México, México. ?Departamento de Farmacobiologia. Cinvestav-Unidad Coapa.
Ciudad de México, México

Resumen

Conocido originalmente por sus efectos deletéreos en la salud, recientemente se ha reconocido al sulfuro de hidrégeno (H,S) como un gaso-
transmisor de importancia bioldgica, al igual que el oxido nitrico y el mondxido de carbono. EI H,S puede producirse de forma endégena en las
células de mamiferos por dos vias: la via enzimatica y la via no enzimatica. Cuando se produce por la via enzimatica, su sintesis se lleva a cabo a
partir de los aminoacidos L-cisteina o metionina mediante transulfuracion y transmetilacion. También se puede producir el H,S a partir donadores

Palabras clave: de grupos sulfuro como, por ejemplo, compuestos orgénicos que se encuentran presentes en algunos vegetales. Actualmente es bien conocido
Sulfuro de hidrégeno. el papel del H,S como protector a nivel cerebral y cardiaco, y cada vez adquiere mayor relevancia su estudio como coadyuvante terapéutico en
Alimentacion. Obesidad. padecimientos metabdlicos como la obesidad y la diabetes mellitus de tipo 2. El objetivo de esta revision es examinar como impacta el aporte
Diabetes de tipo 2. de donadores y precursores del sulfuro de hidrégeno por la dieta en la salud y la enfermedad.

Abstract

Initially known for its deleterious health effects, hydrogen sulfide (H,S) has recently been recognized as a biologically important gas carrier, like
nitric oxide and carbon monoxide. H,S is produced endogenously in mammalian cells by enzymatic and non-enzymatic pathways. When it is
produced by the enzymatic pathway, its synthesis is carried out from the amino acid L-cysteine through the transsulfuration pathway. It can also

Keywords: be produced endogenously from exogenous compounds that function as H,S donors as, for example, the naturally occurring organic donors found
Hydrogen sulfide. Dietary in some plants. Currently, the role of H,S is well known as brain and cardiac protector, and its research as a therapeutic adjuvant in metabolic
intake. Diet. Obesity. Type 2 diseases such as obesity and type-2 diabetes is becoming increasingly important. The objective of this review is to examine how the contribution
diabetes. of donors and precursors of hydrogen sulfide by the diet impacts health and disease.
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INTRODUCCION

Los gasotransmisores son moléculas gaseosas producidas
de forma endogena, capaces de atravesar mediante difusion las
membranas celulares y regular cascadas de sefializacion. Den-
tro de los gasotransmisores conocidos se encuentran el oxido
nitrico (NO), el mondxido de carbono (CO) y el sulfuro de hidro-
geno (H,S). Particularmente, el H,S acttia como modulador del
sistema nervioso, el sistema cardiovascular y el sistema intes-
tinal. Ademas, posee efectos cardioprotectores y regula proce-
s0s inflamatorios, mitocondriales y del metabolismo energético.
La produccion endogena de H,S puede favorecerse al asegurar
una ingesta adecuada de los aminodcidos precursores para Su
sintesis, como la cisteina y la metionina. Adicionalmente, el con-
sumo adecuado de alimentos ricos en donadores naturales de
H,S, tales como el ajo, la cebolla y el brocoli, puede aumentar la
concentracion de H,S y sus efectos benéficos.

En la presente revision se recapitularan los efectos benéficos
del H,S sobre el metabolismo energético, la obesidad y las enfer-
medades relacionadas. Ademas, se aportaran sugerencias para
incrementar la ingesta dietética de donadores de H,S y sustratos
que favorezcan su sintesis endogena.

VIAS DE SINTESIS DEL SULFURO
DE HIDROGENO

El H,S, también conocido como &cido sulfhidrico, &cido hidrosul-
flrico o gas de alcantarilla, es un gas inflamable, incoloro y con un
caracteristico olor a huevo podrido que fue descrito en el siglo XVIIl
por Ramazzini como gas toxico ambiental (1). En 1996, Abe y Kimura
propusieron que el H,S tiene efectos como neuromodulador por su
capacidad de sefalizacion a nivel cerebral (2). Posteriormente, fue
incluido en la familia de los gasotransmisores junto al NO y al CO (3).

EI'H,S se produce en las células de los mamiferos por dos vias:
la enzimatica y la no enzimatica. Por la via enzimatica, su sintesis
puede comenzar a partir de los aminodcidos metionina (Met) o
L-cisteina a través de las vias de transmetilacion y transulfuracion.
La via de la transmetilacion se lleva a cabo por accion de la metio-
nina-adenosiltransferasa (MAT), que condensa una Met provenien-
te de la dieta con una adenosina proveniente del ATP para formar
S-adenosilmetionina (SAM); luego, una metiltransferasa (MT) cata-
liza la formacion de la S-adenosilhomocisteina (SAH) al transferir el
grupo metilo proveniente de SAM a un aceptor (R), para finalmente
ser hidrolizada por la SAH-hidrolasa (SAHH) y obtener homocistei-
na (Hey), que podra ser remetilada hacia Met o entrar a la via de la
transulfuracion (4) (Fig. 1).

La Hey derivada de la via de transmetilacion pasa por una serie
de reacciones enzimaticas que componen la via de la transulfu-
racion para generar L-cisteina. En el citosol, el H,S es sintetizado
por dos enzimas dependientes de piridoxal fosfato (PLP): la cis-
tationina-y-liasa (CSE) y la cistationina-B-sintasa (CBS). Ademas,
tanto en el citosol como a nivel mitocondrial, el H,S es producido
por la enzima 3-mercaptopiruvato sulfuro-transferasa (3-MST)
en conjunto con la cisteina-aminotransferasa (CAT) (5) (Fig. 2).
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La CBS genera cistationina mientras convierte la cisteina en
serina y lantionina para posteriormente producir H,S. Por otro
lado, la enzima 3-MST cataliza la conversién de 3-mercaptopiru-
vato a piruvato mediante la degradacion de la cisteina. En estas
reacciones, la cisteina es convertida por la cisteina-aminotrans-
ferasa (CAT) a 3-mercaptopiruvato mediante la incorporacion de
a-cetoglutarato a la reaccién. En el siguiente paso, la 3-MST
forma un persulfuro al transferirse un azufre desde el 3-mer-
captopiruvato, lo cual, bajo la presencia de un reductor como la
tiorredoxina, produce piruvato y H,S (6) (Fig. 2).

La produccién no enziméatica de H,S se lleva a cabo a partir
de la glucosa, el glutation, los polisulfatos organicos (que se en-
cuentran presentes en el ajo) y el azufre elemental (7). Podemos
encontrar compuestos que funcionan como donadores de gru-
pos sulfuro. Este grupo incluye: 1) donadores inorganicos como
el sulfhidrato de sodio (NaHS) y el sulfuro de sodio (Na,S); 2)
donadores sintéticos como el GYY4137; y 3) donadores organi-
cos de origen natural que se encuentran presentes en algunos
vegetales como el ajo, la cebolla y el bracoli.

IMPORTANCIA BIOLOGICA DEL SULFURO
DE HIDROGENO EN LA SALUD HUMANA

EI H,S es una molécula involucrada en vias de sefializacion en
multiples aparatos y sistemas, tales como el sistema nervioso y
el cardiovascular (8). Ademas, participa en una gran variedad de
funciones como la relajacion del musculo liso y la proteccion
de las neuronas y el musculo cardiaco contra el estrés oxida-
tivo, y ayuda a mantener la secrecion de insulina, disminuye la
presion arterial al relajar los vasos sanguineos y tiene efectos
antiapoptéticos y antiinflamatorios (9).

PARTICIPACION DEL SULFURO
DE HIDROGENO EN LAS ENFERMEDADES
CRONICO-METABOLICAS

Se ha observado que el H,S puede estar relacionado con pa-
decimientos como la obesidad y la diabetes mellitus de tipo 2
(DM2) que, por su naturaleza, guardan un estrecho vinculo con
el estado nutricional de quien las padece.

La obesidad es un padecimiento de gran relevancia en la investi-
gacion cientifica y clinica debido a su creciente prevalencia y al gran
nimero de enfermedades asociadas, siendo uno de los focos de
interés principales el estudio del tejido adiposo (10). EI' H,S ejerce
una gran variedad de efectos sobre el adipocito que incluyen la adi-
pogénesis, el metabolismo lipidico, la sensibilidad a la insulina y la
secrecion de adipocinas (11). Estudios recientes han mostrado que
el H,S incrementa la actividad del receptor activado por proliferado-
res de peroxisomas y (PPARy), ademas de ser capaz de aumentar la
captura de glucosa y el almacenamiento lipidico (12).

Asimismo, se ha estudiado el H,S como mediador antiinflamatorio
en la obesidad. En este padecimiento existe una disminucion de la
disponibilidad de H,S en los macrdfagos de tejido adiposo. En este



1090

C. Gomez et al.

Proteinas de la dieta

0

Homocisteina |

0
S
L-Metionina | HO
NH,
ATP
NH;
N NN
0 CH, </ | )
| N &
S N
S-adenosilmetionina (SAM) ‘ HO )J\r\/ 0
NH:
OH OH
R
NH;
R-CHs
N Y

0
S
S-adenosilhomocisteina (SAH) | HO JH/\/ o
NH:

H
HO

<1

N
OH OH

adenosina

NH:

Figura 1.

Via de transmetilacion. A partir de las proteinas provenientes de la dieta se obtiene al aminodcido esencial L-metionina (L-Met). La L-Met es condensada por la MAT utili-
zando ATP, formando a SAM. Posteriormente, la SAM, catalizada por MT, dona grupos metilo, formando productos metilados y la SAH. Luego, la SAH es hidrolizada por la
SAHH en homocisteina (Hcy) y adenosina. La Hey entra a la via de transulfuracion y también puede ser remetilada hacia Met por accion de la MS. Cuando la via de trans-

metilacion se acopla a la de transulfuracion, la metionina derivada de la dieta puede conve

rtirse mediante una serie de reacciones reversibles en homocisteina o continuar

hasta formar de manera irreversible L-cisteina, contribuyendo a la sintesis de H,S (MAT: metionina-adenosiltransferasa; SAM: S-adenosilmetionina; MT: metiltransferasas;

SAH: S-adenosilhomocisteina; SAHH: SAH-hidrolasa; MS: metionina-sintasa [4]).

sentido, en un estudio en el que se evalud un donador de H,S
(GYY4137) en cultivos de células 3T3-L1, se logré disminuir el
efecto generado por la inflamacion durante el proceso de adipo-
génesis (13). Ademas, se ha observado que en explantes de tejido
adiposo humano, el H,S exdgeno o la activacion de su sintesis
enddgena incrementaron la adipogénesis, la sensibilidad a la in-
sulina 'y la actividad de la enzima deacetilasa dependiente de NAD
sirtuina 1 (SIRT1), asi como la actividad transcripcional de PPARy,
mientras que al inhibir la produccion de H,S se alterd la diferencia-
cion del adipocito, produciéndose senescencia celular, y hubo un
incremento de los procesos inflamatorios (14).

Por otro lado, existe controversia respecto a los efectos del
H,S en la DM2. En modelos animales de esta patologia se
ha observado que los niveles de H,S se encuentran dismi-
nuidos, asi como la expresion de las enzimas involucradas
en su sintesis, tanto en los islotes pancreaticos como en el
higado. Ademas, el H,S es capaz de inhibir la secrecion de
insulina estimulada por glucosa en los islotes pancreaticos
(15). En contraste, Takahashi y colaboradores recientemente
demostraron que el H,S puede estimular la secrecion de insu-
lina mediante la regulacion de la metiltiolacion del tRNA en la
sintesis de proinsulina (16).

[Nutr Hosp 2023;40(5):1088-1095]
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Via de transulfuracion, sintesis enzimatica del H,S. La homocisteina, proveniente de la via de la transulfuracion, pasa por una reaccion de condensacion con L-serina llevada
a cabo por la CBS, formando cistationina. Posteriormente, la cistationina sufre una hidrélisis por accion de la CSE, generando L-cisteina. Luego, en el citosol, la L-cisteina
puede ser catabolizada tanto por la CSE como por la CBS; o en la mitocondria, por accion de la CAT y la 3-MST para la sintesis de H,S (CBS: cistationina-B-sintasa; CSE:
cistationina-y-liasa; CAT. cisteina-aminotransferasa; 3-MST: 3-mercaptopiruvato sulfuro-transferasa [5]).

SUSTRATOS O PRECURSORES DEL SULFURO
DE HIDROGENO EN LA DIETA

Aunque resulta dificil realizar una estimacion real de la can-
tidad de H,S formada por cantidad de alimento, quiz& debido
a las propiedades naturales y al metabolismo de la molécula,
como su volatilidad y reactividad (17), y a factores involucrados
en la asimilacion de alimentos por el cuerpo humano (edad, sexo,
estado de nutricion, dieta habitual etc), existe evidencia cientifi-
ca que valida la capacidad de ciertos alimentos o nutrimentos
para modificar la formacion de este gasotransmisor. Esto depen-
derfa de la cantidad de aminoécidos sulfurados y/o moléculas
donadoras que contengan. Por ejemplo, se ha reportado que
cuando se suplementa con S-adenosil metionina, se produce un
incremento de aproximadamente el 50 % en la actividad de CBS
que promueve la produccion de H,S en higado y rifion, mientras
que la adicion de amino-oxiacetato (un inhibidor de la CBS) blo-
quea la produccion de H,S (18). Asi mismo, investigaciones en
células y modelos animales han mostrado que el consumo de
alimentos ricos en sustratos y donadores organicos de H,S incre-
menta la produccion del mismo. En un estudio en células, al adi-
cionar dos dientes de ajo diluidos (entre 5y 6 gramos diluidos en
5 L, aprox.) a glébulos rojos humanos hubo un incremento de
8 M de H,S (19). El aceite esencial de frijoles amargos asiaticos
aumento la produccion de H,S al administrar 2 g/mL a células

[Nutr Hosp 2023;40(5):1088-1095]

MCF-7 (20). En un ensayo clinico donde participaron 130 volun-
tarios que consumieron 400 g de brdcoli durante 12 semanas,
los autores encontraron que hubo una reduccion de LDL en el
plasma (21). Asi, aunque no es factible la cuantificacion por ali-
mento, la produccion de H,S si estd relacionada con el aporte
dietético de sus precursores organicos.

DIETAS MODIFICADAS EN CISTEINA
Y METIONINA

Cisteina

En mamiferos, la cisteina (Cys) es un aminodcido no esencial
que contiene azufre y se produce enddégenamente por el meta-
bolismo de su precursor, el aminodcido esencial metionina (22).

La cisteina participa tanto en la estructura como en la funcion
de las proteinas y actlia de manera directa e indirecta para con-
trolar el estrés oxidativo, incrementa la biodisponibilidad del NO
y tiene un papel importante en el metabolismo de la insulina y
la glucosa, ademas de mantener bajos los niveles de aldehidos
reactivos y ayudar en la regulacion de la presion arterial (22).
Incluso se ha propuesto al H,S como probable responsable de la
reduccion de la presion arterial y los infartos que se ha observa-
do con el consumo de una dieta rica en proteinas (23).
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Por otro lado, los niveles plasmaticos de cisteina total correla-
cionan consistentemente con el indice de masa corporal (IMC),
la cantidad de masa grasa y el indice de cintura/cadera en al-
gunos estudios en humanos (24). En el 2012, Elshorbagy y co-
laboradores compararon en un modelo murino el efecto de una
dieta baja en cisteina (LC) y el de una dieta alta en cisteina (HC),
observando que los ratones con HC presentaban una ganancia
mayor de peso, un incremento en el porcentaje de grasa visceral
y un aumento de los niveles de triglicéridos hepaticos cuando
se comparaban con los ratones con LC, pudiendo esto orientar
a que una dieta alta en cisteina puede ser capaz de promover
un incremento en la adiposidad, indicando una causalidad en la
asociacion de la Cys plasmatica total y la obesidad en los seres
humanos (25).

Por otro lado, los esquemas frecuentemente utilizados para
aumentar el aporte de cisteina de manera experimental en mo-
delos animales son: Altromin 1314, dieta enriquecida con 4 g
de L-cisteina/kg, mientras que la dieta estandar contenia 3.244
g de cisteina/kg (26); o la administracion del farmaco N-acetil
cisteina (NAC) como tratamiento para dar un mayor aporte de
cisteina, con diferentes esquemas como pueden ser 150 mg/kg
de peso, de forma oral por 1 semana (27). Entre los alimentos
con alto contenido de cisteina se encuentran: pollo, huevo, carme
de res y granos enteros (23) (Tabla I).

Tabla I. Contenido de cisteina y metionina
por porcion de 100 g de algunos
alimentos (45)

Alimento Metionina Cisteina
en mg en mg
Camarones 700 N
Pechuga de pollo 1633 321
Carne de res magra 1583 40
Atln en lata 1483 84
Salmdn 335 84
Yogurt bajo en grasa 98 33
Leche 90 57
Huevos 392 146
Quinoa 75 36
Semilla de girasol 500 N
Chicharos 54 N
Frijoles negros 92 62
Nueces de la India 350 N
Espinacas 83 N
Aguacate 45 N
Kiwi 18 N

N: no se conoce, contiene trazas o no contiene.
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Metionina

Por su parte, la metionina es un aminodcido esencial que con-
tiene azufre y tiene un papel clave como sustrato en la sinte-
sis de proteinas; funciona como donante de grupos metilo para
DNA, RNA y otros aceptores, y como precursor de la cisteina en
la ruta de transulfuracion (28,29). Es un aminodcido vital para
el crecimiento y mantenimiento de la masa magra corporal en
los humanos, por 1o que se le ha propuesto para usarse como
suplemento con este fin; sin embargo, debido a que la metionina
también es el precursor de la homocisteina, su ingesta excesi-
va puede provocar hiperhomocisteinemia, que es un factor de
riesgo de enfermedad cardiovascular (30). De igual manera, el
incremento del consumo de metionina también se ha asociado
con un IMC elevado y una mayor prevalencia de la DM2 (31). Los
articulos publicados acerca de la ingesta dietética de aminoa-
cidos, en especial la metionina, mencionan que su restriccion
puede tener efectos benéficos para la salud en un contexto de
obesidad (32). En modelos de ratones con obesidad inducida por
una dieta alta en grasa, esta restriccion mejoro el perfil lipidico y
la hepatoesteatosis. Ademas, se encontrd en este mismo modelo
que esta restriccion contribuyé al equilibrio del estrés oxidativo
en el higado mediante la regulacion positiva de las vias de tran-
sulfuracion de la metionina, aumentando los niveles plasmaticos
de H,S (33).

Esto es interesante porque el H,S demostrd mejorar el meta-
bolismo de los lipidos, aumentando la produccion de glucosa y
la disminucion del estrés oxidativo en un estado fisioldgico en el
mismo modelo de obesidad inducido por la dieta rica en grasas.
Asi que la restriccion de metionina alivia el estrés oxidativo a
través de la produccion endogena de H,S, mejorando el meta-
bolismo hepdtico y el estado inflamatorio en estos ratones (34).

La ingesta diaria recomendada de metionina es de 14 mg/kg
de peso/dia, aunque existen otras recomendaciones de 13-16 0
incluso hasta 19 mg/kg de peso/dia. Como referencia, podemos
trasladar estos valores a un hombre adulto de 70 kg, que debe-
ria consumir entre 910 y 1330 mg/dia. Esta cantidad se puede
obtener al consumir 70-100 g de proteina al dia (35), por lo que
se recomienda unicamente cumplir con el requerimiento diario
recomendado (32).

DIETAS RICAS EN DONADORES ORGANICOS
DE H,S

Es de nuestro conocimiento que el consumo de ajo y cebolla
es benéfico para la prevencion o tratamiento de las enfermeda-
des cardiovasculares, la trombosis, la hipertension y la diabetes.
En estos casos es el efecto de la alicina, el mas comun de los
tiosulfatos, que se descompone en dialildisulfatos (DADS), dialil-
sulfato (DAS) y dialiltrisulfatos (DATS) (36). El ajo fresco contiene
varios compuestos organicos ricos en sulfuro, oligoelementos y
compuestos fendlicos y esteroides, junto con carbohidratos, pro-
teinas y fibra. Por un lado, podemos encontrar compuestos lipo-
solubles como dialildisulfuros DADS y DATS. Por otra parte, tiene
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compuestos solubles en agua como gamma-glutamil-s-alilcis-
teina (SAC) y s-alil-mercaptano-cisteina (SAMC); todos los com-
puestos mencionados se conocen como aliinas. Cuando el bulbo
(cabeza) del ajo se pica 0 exprime, la aliina se metaboliza en ali-
cina mediante la accion de la alinasa. La alicina es autorreactiva
y se convierte rapidamente en compuestos mas estables, como
polisulfuros (37).

Algunas investigaciones han informado que los compuestos
como los DATS, que son abundantes en los aceites de ajo, pue-
den participar en tiol-intercambio de disulfuro o reacciones de
transferencia de azufre impulsadas por enzimas. Estos proce-
50s, ademas de producir H,S, pueden generar otras especies
de azufre reactivas tales como dihidropersulfuros (H,S,), dihidro-
polisulfuros (H,Sn), hidropersulfuros (RH,S) € hidropolisulfuros
(RSnH); estos compuestos se han detectado en los cerebros de
algunos animales, donde funcionan como importantes moléculas
de sefializacion y citoprotectores contra el estrés oxidativo (38).
Una investigacion realizada sobre estos compuestos arrojo que
los eritrocitos convierten a los DADS, DAS y DATS en H,S en
presencia de tioles libres (19). Recientemente, en un estudio en
el que se administro alicina a ratones con obesidad inducida por
una dieta rica en grasas, se pudo observar una restriccion de la
ganancia de peso asociada a lipdlisis y termogénesis (39).

Actualmente se ha investigado la capacidad de liberacion de
H,S a partir de aceites esenciales de una amplia gama de plantas
dietéticas, incluidas los frijoles amargos asiaticos (Parkia specio-
sa), el durian (Durio zibethinus), que es un fruto exdtico del sudeste
asidtico, la cebolla amarilla (Allium cepa), los puerros (Allium po-
rrum) y el ajo (Allium sativurm). En células de mamiferos cultiva-
das expuestas a estos aceites se ha detectado un aumento de la
produccion de H,S, 1o que sugiere que, con la incorporacion de
estas plantas a la dieta, los polisulfuros que aportan aumentarian
la produccion de H,S en las células de los mamiferos (19).

Al parecer, el tiempo de coccién de estos aceites demostro
tener un efecto en la composicion de los polisulfuros del ajo y las
subsecuentes tasas de produccion de H,S. Hervir ajo machacado
durante periodos breves no reduce los niveles de polisulfuro en
los tejidos vegetales en contraste con el calentamiento prolon-
gado, que si reduce sus niveles (40,41), aunque aln se necesita
mas evidencia al respecto.

Tabla Il. Alimentos donadores organicos
de H,S (20)

Alimento Donador organico
Ajo Alicina/Polisulfuros
Brocali Polisulfuros
Cebolla Polisulfuros
Cebollin Polisulfuros
Chalote Polisulfuros
Frijoles amargos asiaticos Polisulfuros
Durian Polisulfuros
Puerros Polisulfuros
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Entre los alimentos ricos en donadores de sulfuro se encuen-
tran: ajo, brocoli y cebolla amarilla, entre otros.

No obstante, se puede fortalecer o incrementar su aporte con-
sumiendo de manera habitual los alimentos ricos en donadores
organicos y sustratos. Como sugerencia, podria tomarse el si-
guiente mend de la tabla IIl.

Tabla lll. Menu para fortalecer el aporte
de donadores y precursores organicos
de H,S

Desayuno: huevo revuelto con verduras

Huevo 2 piezas
Jitomate 50 g
Cebolla 259
Brocoli 259
Diente de ajo finamente picado Y2 pieza
Pan de caja 2 piezas

Té de manzanilla 1 taza (250 ml)
Merienda: /icuado de platano

Leche 1 taza (250 ml)
Platano 1 pieza

Comida: pechuga de pollo rellena con espinacas acompafiada de
arroz

Pechuga de pollo 100 g
Espinacas 120 ¢
Cebolla 50 g
Crema baja en grasa 2 cucharadas
Arroz 100 ¢
Sandia ¥ taza (125 )
Merienda: fruta con yogurt y semillas

Yogurt natural 754
Fresas 100¢
Almendras 20¢
Cena: bistec asado

Papa cocida rebanada 1 pieza
Trozo de res 100 g
Pimiento 50g
Puerros al vapor 409

Aceite de oliva 2 cucharaditas

CONTROVERSIAS SOBRE EL CONSUMO
DIETETICO DE DONADORES ORGANICOS,
PRECURSORES DE H,S Y SUS BENEFICIOS
EN LA SALUD

Aunque en los Ultimos afios se han realizado investigaciones
con respecto al consumo dietético tanto de donadores organicos
como de precursores (metionina y cisteina) del H,S y sus benefi-
cios, los resultados de estos estudios no han sido concluyentes.
Es por eso que existen controversias como, por ejemplo: ante la
suplementacion de aminodcidos de cadena ramificada (AACR),
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como la metionina, en una investigacion en pacientes con pre-
diabetes y diabetes que consumieron un suplemento con 20 g/
dia por 4 meses de AACR, se encontrd que mejord el metabolis-
mo de la glucosa; sin embargo, en otros estudios se ha asociado
positivamente la suplementacion de AACR con el riesgo de pa-
decer DM2 (32).

En un ensayo doble ciego aleatorio en seres humanos, don-
de participaron 26 pacientes adultos obesos, asignandoseles ya
fueran 2 mg/kg/dia o 35 mg/kg/dia de metionina por 16 se-
manas, no se encontré ninguna diferencia con respecto al peso
corporal, la resistencia a la insulina o la masa magra entre los
dos grupos de tratamiento. Ademas, existen otros aminodcidos
que se han estudiado como potenciales tratamientos de la obe-
sidad como, por ejemplo, el triptfano, su restriccion moderada
promueve la longevidad y aumenta la termogénesis y la ingesta
de alimentos; pero cuando la restriccion es severa, aumenta el
peso corporal y la masa grasa (32).

EFICACIA, SEGURIDAD Y TOXICIDAD
DE CISTEINA Y METIONINA COMO FUENTE DE
H,S

En relacion a la seguridad y eficacia de la suplementacion con
cisteina, metionina o donadores de H,S, existen estudios clini-
cos y experimentales que sustentan su utilidad como soporte
en el tratamiento de varias patologias. Podemos encontrar es-
tudios nutricionales y metabdlicos que se llevaron a cabo con
suplementacion de metionina, donde la ingesta mas alta fue de
3 veces el requerimiento estimado (0,910 y 1,330 g/dia apro-
ximadamente, en un hombre adulto con normopeso de 70 kg) y
no se reportaron efectos adversos. Una pregunta que surge para
proponer el uso de estos agentes es la seguridad o toxicidad de
su ingesta. En un estudio clinico, a pacientes con poliartritis reu-
matoide se los tratd con metionina (5 0 10 g/dia) y no se repor-
taron efectos adversos serios, aunque la presencia de nauseas,
vomitos y halitosis fue frecuente (42).

Se ha demostrado que una dosis Unica de 100 mg/kg de
peso en un dia es segura, teniendo en cuenta que esta dosis es
7 veces el requerimiento diario para aminoacidos sulfurados to-
tales (metionina + cisteina). EI consumo continuo de esta dosis
durante 1 semana incremento los niveles de homocisteina. Este
mismo estudio demostrd que dosis diarias de 250 mg de metio-
nina resultaron ser seguras (42).

Por otra parte, una revision sistematica que incluyé 60.885
estudios clinicos en seres humanos resalta los beneficios del
uso de L-cisteina en padecimientos como: diabetes mellitus
de tipo 2, cuidado del cabello, inflamacion cronica, prevencion
del cancer de tracto digestivo superior y de mama, enfermeda-
des cardiovasculares, sindrome de intestino irritable y esteatosis
hepatica no alcohdlica, entre otros. En esto estudios se concluy
que los beneficios derivados del tratamiento con estos aminoa-
cidos estan asociados con la disminucion del estrés oxidativo,
del estado proinflamatorio y de la apoptosis, asi como con el au-
mento de los niveles de GSH, el aumento de la produccion de H,S
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y la sensibilidad a la insulina (18,43). En una revision sistema-
tica de ensayos clinicos con metandlisis donde se incluyeron
12 ensayos con un total de 553 participantes hipertensos, se con-
cluy6 que la suplementacion con ajo redujo la presion arterial en
5,5 £ 1,9 mmHg, de manera similar a los medicamentos anti-
hipertensivos estandar. Esta reduccién de la presion arterial se
asocio con una reduccion del 16-40 % del riesgo de sufrir even-
tos cardiovasculares (44).

PROYECCIONES FUTURAS SOBRE EL USO
DEL H,S COMO INTERVENCION DIETETICA

El H,S tiene al parecer efectos terapéuticos en diversas pa-
tologias relacionadas con la malnutricion, como la obesidad y
la DM2; sin embargo, no hay investigaciones con resultados
concluyentes al respecto y es por eso que resulta importante
demostrar los posibles efectos benéficos de consumir alimen-
tos ricos en donadores organicos y sustratos, sin pretender dar
una recomendacion de consumo terapéutico. También existe la
posibilidad de que el consumo de alimentos ricos en donadores
organicos y sustratos, con la administracion conjunta de farma-
cos donadores de H,S, pudiera generar un sinergismo que guar-
de relacion con los efectos protectores de este gasotransmisor,
aunque falta mas informacion al respecto. Es importante men-
cionar que fortalecer su aporte dietético no puede considerarse
como cura o tratamiento principal de ninguna enfermedad; sin
embargo, existen estudios que apuntan a que el H,S puede ser
un potencial tratamiento coadyuvante para algunas enfermeda-
des como, por ejemplo, la hipertension arterial.
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Resumen

La guia practica de nutricion enteral domiciliaria de la Sociedad Europea de Nutricion Clinica y Metabolismo (ESPEN) publicada en 2020 incluye
61 recomendaciones. Un nimero relevante de ellas esta referido a parametros de seguridad, prevencion de las complicaciones, estrategias
de control y calidad de vida de los pacientes y familiares. Estas son las mismas razones por las que se tiende a las unidades monodosis en
todos los medicamentos en general. La nutricion enteral es de los pocos tratamientos a los que todavia no ha llegado la monodosis y la mayor
parte de los pacientes con nutricion enteral intermitente por sonda gastrica tienen indicada una dosis diferente a la presentacion farmacéutica.
Este hecho provoca riesgo de complicaciones derivadas de errores en la administracion que no deben ser olvidados y que afectan en mayor
medida a poblacion anciana y con alto grado de dependencia. La innovacion consistente en la creacion de envases monodosis de 375 ml para
nutricién enteral respetando los horarios fisioldgicos de las tomas puede solucionar la mayor parte de ellos y cumple con los requerimientos
proteico-energéticos y con las recomendaciones sobre dosificacion elaboradas por las sociedades cientificas para pacientes con mayor riesgo.

Abstract

The home enteral nutrition practical guidelines of the European Society for Clinical Nutrition and Metabolism (ESPEN) published in 2020 includes
61 recommendations. A significant number of them are related to safety parameters, prevention of complications, control strategies and quality of
life of patients and family members. These are the same reasons why single-dose units are usually used on all medicines. Enteral feeding is one
of the few treatments that has not yet reached the single dose and most patients with intermittent enteral nutrition by gastric tube have a dose
which differs from pharmaceutical presentation. This leads to the risk of complications arising from errors in the administration that should not
be forgotten and that affect mostly elderly and highly dependent populations. The innovation that consists in the creation of 375 ml single-dose
containers for enteral feeding following the physiological schedules of the takes can solve most of them and meets the energy protein requirements
and recommendations on dosage developed by scientific societies for patients at higher risk.

Recibido: 03/05/2023 e Aceptado: 30/06/2023

Responsabilidades éticas: para la realizacion de este articulo no se ha realizado experimento alguno con

personas ni animales.

Conflicto de intereses: los autores declaran no tener conflicto de interés.

Correspondencia:

Silva Rodriguez JJ. Innovacion en nutricion clinica: la monodosis en nutricion enteral intermitente.
Nutr Hosp 2023;40(5):1096-1105

DOI: http://dx.doi.org/10.20960/nh.04753

Juan José Silva Rodriguez. Unidad de Nutricion.
Unidad de Gestién Clinica de Endocrinologia y
Nutricion. Hospital Universitario Puerto Real.

C/ Romeria, 7. 11510 Puerto Real, Cadiz
e-mail: marjuanjose@hotmail.com

©Copyright 2023 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/).



INNOVACION EN NUTRICION CLINICA: LA MONODOSIS EN NUTRICION ENTERAL INTERMITENTE 1097

INTRODUCCION

La Sociedad Europea de Nutricion Clinica y Metabolismo (ES-
PEN) ha publicado en el afio 2020 una guia practica de nutricion
enteral domiciliaria (NED) en la que se concretan 61 recomenda-
ciones basadas en la evidencia actual y opinién de expertos (1). En
Espafa, estas directrices confirman y amplian las realizadas en la
guia de nutricion enteral domiciliaria en el Sistema Nacional de Sa-
lud publicadas por el Ministerio de Sanidad y Consumo (NED-SNS)
(2) y las observadas previamente en el manual del Grupo Nutricion
Artificial Domiciliaria y Ambulatoria (NADYA) de la Sociedad Espa-
fola de Nutricion Clinica y Metabolismo (SENPE) (3).

Segun el Comité de Calidad de la Atencidn Médica en América
(CQHCA, por sus siglas en inglés), la calidad en los sistemas
de salud exige cumplir nuevas reglas para redisefiar y mejorar
la atencion trabajando juntos los compradores publicos y priva-
dos, las organizaciones de atencion médica, los médicos y los
pacientes. Entre estas reglas se encuentran: personalizar para
satisfacer los tipos mas comunes de necesidades, tomar decisio-
nes basadas en evidencias, garantizar la seguridad previniendo
y mitigando errores, no desperdiciar recursos ni tiempo de los
pacientes anticipandose a sus necesidades en lugar de simple-
mente reaccionar ante los eventos vy, finalmente, compartir la
informacion entre los clinicos (4).

La NED es una intervencion nutricional confiable y eficaz, par-
ticularmente relevante debido a la creciente dependencia de la
atencion ambulatoria. Normalmente, se inicia en el hospital, y
posteriormente continta en el domicilio a largo plazo (1). Las
nuevas recomendaciones de la ESPEN contemplan parametros
de seguridad relativos a la administracion tal y como es necesa-
rio para todos los medicamentos (5) y facilitan el cumplimiento
de indicadores de calidad relacionados con la dimension “segu-
ridad” en la administracion de la nutricién en nuestro entorno (6).
Por tanto, pueden suponer un apoyo especializado a iniciativas
enmarcadas en el avance hacia la nutricion enteral personaliza-
day de calidad.

En las Ultimas décadas, la NE ha experimentado un avance
relevante como terapia y se relaciona con conceptos como ali-
mento-medicamento, nutricion drgano-especifica y enferme-
dad-especifica (7).

Cada vez existe mayor interés en individualizar 1a prescripcion
nutricional respecto a las propiedades cualitativas de las formu-
laciones, por lo que muchos nutrientes especificos estan siendo
estudiados para su utilizacion en patologias y situaciones clinicas
concretas (8,9).

Los trabajos de las sociedades cientificas inicialmente citados
hacen énfasis también en la relacion individualizacion-seguridad
y orientan hacia la necesidad de afiadir soluciones a cuestiones
relacionadas con la administracion del tratamiento prescrito.

En los medicamentos en general a nivel hospitalario y en al-
gunos grupos terapéuticos a nivel de farmacias, la evidencia ha
evolucionado hacia la monodosis, sin embargo, en la adminis-
tracion de la nutricion enteral por sonda queda un importante
margen de mejora, tal y como se deduce de la lectura detenida
de las Ultimas recomendaciones internacionales.

[Nutr Hosp 2023;40(5):1096-1105]

Los términos unidosis y monodosis son sindnimos y hacen
referencia a la toma de una sola dosis de un determinado me-
dicamento, sin embargo, existe aln disyuntiva conceptual y, en
funcion del tipo de medicamento, pueden referirse a una toma,
al envase de una dosis o al envase de un tratamiento completo.
La Agencia Espafiola de Medicamentos y Productos Sanitarios
(AEMPS) considera formato monodosis a “aquel que contiene
una unidad de dosificacion del producto que puede ser dispen-
sada sin fraccionamiento del contenido” (10) y en la practica
abarca los conceptos anteriores al mencionar la necesidad de
nuevos “formatos a medida”. Concretamente, la AEMPS expresa
la conveniencia de implementar “las medidas legislativas nece-
sarias para garantizar la adecuacion de los envases a las pautas
y tiempos de tratamiento habituales de acuerdo con los criterios
de buena prdctica médica”(11), lo que ha terminado consolidan-
dose en el grupo de los antibiéticos (12) y en la mayor parte de
los farmacos hospitalarios.

Tanto en nutricion parenteral, administrada de forma continua
por via intravenosa, como en suplementacion nutricional artificial
oral, la monodosis existe y es obvia. Sin embargo, en el caso de
la nutricion enteral intermitente en bolos por jeringa o por Sis-
tema de gravedad, que son los métodos de nutricién por sonda
mas utilizados en el medio ambulatorio, las dosis prescritas no
se corresponden habitualmente con la presentacion farmacéuti-
ca, lo que puede provocar o agravar complicaciones descritas en
la literatura cientifica y que se analizaran en este trabajo.

ANALISIS DE RECOMENDACIONES
RELACIONADAS CON LA ADMINISTRACION
DE NUTRICION ENTERAL INTERMITENTE
POR SONDA GASTRICA

La reciente Guia ESPEN deja claramente explicito que, en la
administracion por bolos, “el volumen es tipicamente entre 200
y 400 ml de alimento administrado durante un periodo de 15 a
60 minutos, dependiendo del nutriente del paciente, necesida-
des y tolerancia” (1). Sin embargo, los formatos de presentacion
de nutricion enteral por sonda son habitualmente de 500 ml (3).

Atendiendo a este capitulo de recomendaciones de la ESPEN,
se entiende que habitualmente sobra un minimo de 100 ml en
cada envase en cada primera toma, que se ha de mezclar con
300 ml de la siguiente, por lo que quedan 200 ml para la tercera,
y asi sucesivamente. En la préctica, el cuidador esta permanen-
temente realizando cdlculos en todas las tomas, todos los dias,
durante todo el tratamiento. El personal médico y de enfermeria
intuye este problema o no en funcién de su relacion con la nu-
tricion clinica, pero los familiares y los cuidadores o conocen
en la préactica. Estos sobrantes se guardan habitualmente en el
frigorifico. El desajuste entre el formato y las dosis prescritas
habitualmente, es decir, la inexistencia de monodosis, puede ge-
nerar problemas al paciente y al cuidador.

En el mismo sentido, el Grupo NADYA indica, para evitar las
nauseas y vomitos, “no administrar mas de 400 ml cada vez” (3)
y, 1o que es mas relevante, la guia NED-SNS indica que, “aun-
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que tedricamente los adultos pueden tolerar 350 ml de formula
infundidos en diez minutos (infusion gdstrica), la mayoria de los
pacientes, especialmente los nifios y los ancianos, requieren pe-
riodos mds largos de infusion” (2). Es muy interesante que estas
guias de referencia para la asistencia nutricional domiciliaria de
calidad en Esparia definan y ofrezcan desde hace mucho tiempo
una cifra concreta relacionada con el riesgo de intolerancia. Los
riesgos pueden ser mayores en tomas superiores a 350 ml, es-
pecialmente en la poblacion anciana o con patologia neuroldgica,
que supone la mayoria de los pacientes con NED.

Existe consenso en asumir, y asi lo avalan las descripciones
farmacoldgicas de las formulaciones, que 1.500 ml de una nu-
tricion enteral estandar normocaldrica normoproteica cubre las
necesidades diarias de micronutrientres, y en muchos casos
de macronutrientes, aunque en este sentido es necesario ad-
vertir que dicha afirmacion no es aplicable a todos los pacien-
tes ni situaciones clinicas. Atendiendo a la recomendacion de
que se respeten los horarios fisioldgicos, la unidad monodosis
ideal es de 375 ml en desayuno, almuerzo, merienda y cena
(1.500 ml/24 h), practicamente coincidente con la dosis referida
por el Grupo NADYA, la guia NED-SNS y la ESPEN. Este hecho
es muy importante. Los envases de 250 ml para administracion
directa en bolos mediante conexiones sencillas y en las tomas
que se estime necesarias también son monodosis por definicion:
pueden administrarse sin fraccionamiento y entran dentro de las
pautas habituales segtn la Guia ESPEN.

Llegados a este punto, surge una interrogante: spor qué el
formato de presentacion de la nutricion enteral es, entonces, de
500 ml? Desde los avances hacia una nutricion quimicamente
definida realizados por Henry T. Randall en 1969, no disponemos
de informacion suficiente para justificar las razones por las que
la presentacion farmacéutica mas habitual de la nutricion en-
teral por sonda es de 500 ml y, en algunos casos, de 250 0 de
1.000 ml. Posiblemente derive de una analogia con las presen-
taciones clasicas de 500 ml de la sueroterapia intravenosa. En
todo caso, la presentacion de 500 ml es (til en NE continua o en
NE intermitente en aquellos pacientes en los que se compruebe
tolerancia a la administracion completa de 500 ml en cada toma
(mas el agua de antes y después de la misma). Esta debe reali-
zarse preferiblemente mediante gravedad, con una duracion de
30 minutos como minimo o, en casos seleccionados, mediante
jeringa a velocidad de infusion lenta (20-30 ml/min) (13). Pero
dicho formato no se suele ajustar, en general, a las pautas habi-
tuales en las tomas intermitentes en NE ni a las recomendacio-
nes referenciadas al inicio de este capitulo y lo convierte en uno
de los pocos tratamientos médicos a los que no ha llegado la in-
dividualizacion de la prescripcion buscando la monodosis. Y ello
puede tener sus riesgos, como en cualquier otro medicamento.

En la guia NED-SNS de Espafia se especifica que, “en /a in-
mensa mayoria de los casos en los que se administra al esto-
mago, la administracion con jeringa o con sistemas de goteo
gravitatorio son perfectamente toleraaas, Siendo infrecuentes las
situaciones en que Se precisan otros dispositivos”, y en el caso
de la infusion intermitente, “respetando los horarios fisioldgicos”
(2), es decir: desayuno, almuerzo, merienda y cena.

J. J. Silva Rodriguez

Entre las recomendaciones elaboradas por el Grupo NADYA,
destacamos las siguientes relacionadas con la administracion de
la NE (3):

— “Fl sistema de administracion debe ser el mds sencillo po-
sible para el paciente y su familia. El empleo de equipos
complicados se debe reducir al maximo e individualizarlo a
las necesidades del enfermo, ya que algunos pacientes no
son capaces de leer la letra pequena de las jeringas, o de
utilizar clertas pinzas, o de oir las alarmas auditivas de las
bombas’.

— “Es importante atender a la calidad de vida del enfermo y
establecer pautas de administracion (nocturna, simulando el
horario de comidas, etc.) que le permitan llevar una vida lo
mas cercana posible a lo normal”.

— ‘Lo ideal es que las bolsas nutricionales se empleen una
sola vez; de hecho, pueden ser reutilizadas para el mismo
enfermo durante 48 horas, siempre que se realice una lim-
pieza cuidadosa del envase”.

— “Se les especificardn las caracteristicas del preparado ele-
gido en su caso, detallando el tipo de envase comercial, el
volumen del mismo y la cantidad prescrita para cada dia”.

— “Se les informara del lugar y modo de conservacion del pre-
parado, de la higiene en la manipulacion y de la temperatura
de administracion’.

En la practica, la vivencia real y cotidiana de la mayoria de
los pacientes con NED y sus cuidadores puede distanciarse
de los objetivos tedricos marcados por las recomendaciones. Si
la pauta de administracion indica tomas menores de 500 ml,
como aconsejan las guias, y el paciente las recibe por sistema
de goteo en gravedad por comodidad, riesgo o intolerancia, el
cuidador tiene dos posibilidades:

— Conectar directamente el envase al sistema de la sonda.

— Introducir la dosis prescrita en un contendor.

Si se implementa la primera opcion, se esta obligando a vigilar
permanentemente el nivel de la nutricion infundida para retirarla
a tiempo, lo que conlleva el riesgo de un olvido. La consecuencia
puede ser una sobredosificacion y riesgo de distension abdomi-
nal, dolor, diarreas, nauseas, vomitos, aspiracién bronquial, neu-
monia e incluso fallecimiento, problema que ya ha sido estudiado
en las guias. Ello es mas probable en pacientes ancianos, in-
conscientes, con patologias neuroldgicas y encamados, es decir,
un porcentaje alto de los pacientes. Las patologias mayoritarias
de pacientes con nutricion enteral domiciliaria 0 en residencias
son neurovasculares y neurodegenerativas, las cuales oscilan
entre un 41,2 % y un 67,6 %, segun los estudios (14,15).

La existencia de errores en la administracion de NED por des-
cuido ocasional constituye un fenémeno intuido cualitativamente
pero poco estudiado cuantitativamente por la literatura cientifica,
sin embargo, se ha comprobado que la mayor causa de erro-
res médicos en general son “los lapsus y los despistes”, con
un 39 % de prevalencia (16). En el caso de la NE, dado que
se ha de estar vigilando durante un tiempo relevante, cuatro o
mas veces al dia, todos los dias de la vida del paciente mientras
tenga indicado el tratamiento, la prevalencia de complicaciones
por olvidos o falta puntual de atencion probablemente sea sor-
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prendente. Seria conveniente realizar estudios epidemiolégicos
al respecto. Si se afiade el hecho de que el ritmo de dosificacion
a través de regulador de flujo es inexacto y varia en funcion de
la composicion y temperatura de la formula, la posibilidad
de error y administracion de todo el contenido es alta, sin embar-
go, disminuir el ritmo de infusion por temor a ello podria incre-
mentar el riesgo de obturacion de la sonda (17,18).

La infusion completa de envases con mas contenido del habi-
tualmente indicado para cada toma podria incrementar el riesgo
de vémitos y aspiracion bronquial en pacientes susceptibles. Hay
que recordar que las guias recomiendan trabajar especificamen-
te con pacientes con demencia (3). La aspiracion por vomitos
constituye una complicacion grave, y la posicion semiincorpora-
da y la morbilidad asociada cuando los aportes son superiores
o inferiores a las necesidades son cuestiones valoradas en los
indicadores de calidad en nutricién, por lo que se proponen es-
trategias para evaluar la adherencia y mejorar el cumplimiento
(6). Cualquier estrategia innovadora para elevar la dimension
factibilidad mejora la adherencia y facilita el cumplimiento.

El problema de la temperatura de infusion de la NE es otro
de los mas importantes. Tal y como expresan algunos autores,
“es imperativo no exponer las dietas a temperatura ambiente
durante mas de seis horas, debiendo mantenerse en frigorifico a
4°C parte de la racion diaria si se trata de una férmula modular
o0 comercializada que haya sido envasada en bolsas o contene-
dores” (19). Si se opta por la administracion directa, al no existir
monodosis, una parte de la toma se administrara fria proveniente
del envase ya abierto y depositado en el frigorifico, y otra parte
se administrara templada proveniente del nuevo envase a tem-
peratura ambiente. Esto es absurdo, genera sobreesfuerzo y
manipulacion e incrementa las complicaciones derivadas de la
administracion de formulas frias ya mencionada en la literatura,
entre las que destacan los vomitos y las diarreas (20). Por otra
parte, s una recomendacion administrar la NE a una tempera-
tura de 30-38 °C para tratar problemas digestivos (3), lo que es
poco factible cuando se estan dejando sobrantes en el frigorifico
porque las dosis no coinciden con el envase. Lo ideal seria abrir
un envase nuevo en cada toma.

La advertencia del Grupo NADYA acerca de la dificultad que
supone la administracion por jeringas en pacientes mayores, al
no poder leer las lineas de medida, es esencial y constituye una
de las razones por las que se puede recomendar el sistema por
gravedad. Sin embargo, no obvia la dificultad de leer las lineas
de medidas en la infusion directa del envase y, sin duda, dificulta
el cumplimiento de otras recomendaciones para la prevencion
de errores de medicacion del Instituto para el Uso Seguro de los
Medicamentos (ISMP), el cual especifica que el paciente debe
“estar alerta y verificar que la dosis del envase dispensado es
correcta” (21).

Continuando con la segunda posibilidad de administracion, si
se opta por la NE intermitente a través de un contenedor, es cier-
to que permite afiadir solo la cantidad prescrita por el facultativo,
con lo que se evita el riesgo de sobredosificacion. Sin embargo,
no es menos cierto que incrementa la manipulacion de la nutri-
cion enteral, el riesgo de contaminacion, el coste y la dispensa-
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cion de los contendores, la complejidad de la administracion y
la necesidad de higiene. Por todo lo anterior, la administracion
de NED a través de contendores tiende al desuso en la practica
asistencial, pero no existe adn una alternativa que minore los
riesgos de la administracion directa del envase de 500 m.

CALIDAD DE VIDA Y SEGURIDAD
EN NUTRICION ENTERAL INTERMITENTE

Desde el punto de vista de la pérdida de calidad de vida del fa-
miliar o cuidador de un paciente con cualquiera de los sistemas
de infusion intermitente, no es necesario realizar mas comenta-
rios que los obvios: no se trata de un parametro cientifico-nutri-
cional, pero cada vez genera mayor interés y preocupacion en los
pacientes con tratamientos crénicos y su entorno.

Ya existen trabajos que evaltan la calidad de vida de los cui-
dadores de pacientes con NED en los que un 92 % expresa tener
mayor fatiga que antes de tener al familiar en casa (22).

La propia ESPEN considera en su primera recomendacion la
calidad de vida de los pacientes como uno de los objetivos de la
NED (1). En las recomendaciones 51y 52, la Guia ESPEN especi-
fica que la calidad de vida debe medirse al inicio y periodicamen-
te. Para ello existen cuestionarios genéricos (SF-36, SF-12, WHO
QoL-BREF y EQ-5D) y especificos para patologias (BDQ, cancer
de cabeza y cuello QOL-EF, EORTC QLQ-C30), aunque son ne-
cesarios mas cuestionarios especificos para NED (NutriQoL®) (1)
que mantengan unos criterios minimos de homogeneidad (24).

Estos cuestionarios deben tener en cuenta que la calidad de vida
del cuidador y la del paciente estan correlacionadas y son necesa-
rios mas estudios para comprobar si lo hacen de manera directa o
inversamente proporcional (25). No obstante, es un dato objetivo
que administrar bolos por jeringa de modo adecuado para no pro-
vocar complicaciones en pacientes ancianos, neurologicos y enca-
mados requiere mucha dedicacion: como ya se ha comentado, se
ha de realizar durante un periodo de entre 15y 60 minutos en cada
una de las 4-6 tomas, con un minimo de 20 minutos cada 200 ml
(tedricamente, 1-6 horas/dia; habitualmente, 3-5 horas/dia), lo que
indudablemente afecta a la calidad de vida del cuidador. La infusion
por gravedad puede ser mas comoda y segura, pero podria no evi-
tar la ansiedad de tener que estar pendiente del volumen infundido
en la administracion directa cuando no existe la monodosis. Tam-
poco evita las mezclas a diferentes temperaturas ni la necesidad de
higiene que conlleva la administracion desde un contenedor.

Seria interesante afiadir a los cuestionarios especificos de
calidad de vida de pacientes con NED y familiares la siguiente
pregunta: ;desearia disponer de un envase con la dosis de NE
que le ha prescrito su médico?

No hay datos para afirmar que la respuesta fuera distinta a
la obtenida tras formular la pregunta en relacion con cualquier
otro medicamento, lo que apoyaria las recomendaciones de la
ESPEN y del CQHCA en el sentido de que se deben escuchar los
problemas y las necesidades de los cuidadores.

Actualmente, existe mayor sensibilidad a los parametros ca-
lidad de vida y seguridad, por lo que considerar el tema de la
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tipologia de envases de NE y su administracion por sonda como
un asunto menor, no cientifico, obvio o resuelto es un error, pues
la propia guia de soporte nutricional en adultos del National Insi-
tute for Clinical Excellence (Guia NICE) califica la NE como “una
terapia compleja” (26).

Una revision detenida de la tabla de errores de medicacion y
sus factores asociados de la National Coordinating Council for
Medication Error Reporting and Prevention (NCCMERP) (27) pue-
de ayudar a entender que muchos de ellos pueden aplicarse a
la NED y prevenirse.

Los pacientes con NED por sonda nasogastrica (SNG) o gas-
trostomia endoscopica percutanea (PEG), quirdrgica o radioldgi-
ca con disfagia secundaria a patologia neuroldgica, incluyendo
origen neurodegenerativo y cerebrovascular, suelen ser mayores
y sus familiares y cuidadores, también. En algunos trabajos se
ha detectado no solo este factor limitante, sino sobreesfuerzo,
claudicacion familiar, ansiedad, depresion e incapacidad para
cumplir los requisitos clinicos en familiares de pacientes con
gran discapacidad (28,29).

La Guia ESPEN hace hincapié en la existencia de equipos mul-
tidisciplinares para obviar las complicaciones que puedan ser
previsibles mediante recomendaciones de cuidados especificos
comprensibles y facilmente ejecutables por el paciente, familia-
res y cuidadores (1), pero no puede evitar los no previsibles y hu-
manos, como el olvido o errores derivados de administrar dosis
diferentes a la presentacion farmacéutica.

Cuando un sistema de administracion es susceptible de indu-
cir a errores, la comunidad cientifica reacciona con soluciones
a menudo sencillas pero imprescindibles, tal es el caso de los
nuevos sistemas de conexidon ENFit™, que cumplen la norma
ISO-80369. Esta afortunada iniciativa denominada Stayconneted
ha provocado relevantes cambios en el tema de fungibles que
“marcarad un nuevo hito en el esfuerzo internacional para garan-
tizar la sequridad de los pacientes” (30). Pero esta innovacion
podria haberse realizado mucho antes.

Tal y como ha publicado la Sociedad Espafola de Endocri-
nologia y Nutricion (SEEN), no todas las prescripciones ni los
controles se realizan desde unidades hospitalarias especializa-
das en nutricion con capacidad humana y material para dicho
asesoramiento multidisciplinar, descargando el peso de cumplir
unas recomendaciones sobre Atencion Primaria, donde ya existe
una alta carga asistencial o incluso realizandose dispensacio-
nes desde diferentes entidades (31). De las recomendaciones
de la ESPEN se deriva la necesidad de potenciar estas unidades
especializadas ya existentes y promover la individualizacion del
tratamiento nutricional, en mi opinion, con la perspectiva de la
monodosis en el horizonte, como el resto de los tratamientos
farmacoldgicos.

Para todos los facultativos, y sobre todo para los no dedicados
especificamente a la nutricion clinica, es mucho mas sencillo y
se presta a menor confusion la prescripcion de un envase de
375 ml en cada toma que subrayar en un informe los riesgos
de una dosificacion diferente a la presentacion farmacéutica. En
este sentido, la ESPEN expresa una realidad: las dosis mayores
de 400 ml en cada toma no son habituales.

J. J. Silva Rodriguez

En un estudio multicéntrico realizado en Espafia, se conclu-
ye que la NED es segura y presenta una baja tasa de compli-
caciones, atribuyendo este hecho a la implementacion de un
programa educativo y unas instrucciones para cumplimentar un
registro diario y semanal dirigido a pacientes y sus familiares
mas cercanos. En este trabajo, las complicaciones digestivas
fueron las mas prevalentes; la patologia neuroldgica, la causa
mas frecuente de NED; el 42 % de los pacientes aleatoriamente
seleccionados era mayor de 70 afos; y el 58,3 % estaba muy
incapacitado segun el indice de Rosser, especialmente los de
mayor edad y con patologia neuroldgica (32).

En otro estudio multicéntrico sobre NED, se registré un total de
1.397 pacientes, de los que el 55 % eran mayores de 65 afnos
y el 21 %, mayores de 80 afos; la disfagia (84,6 %) era la cau-
sa mas frecuente, especialmente por enfermedad neuroldgica
(49,1 %) (33). Segun una interesante revision sobre estandari-
zacion de la NED, la dosis de nutricion y la velocidad de admi-
nistracion pueden provocar intolerancia digestiva al perderse el
proceso de masticacion, sefialando que un modelo de atencion
multidisciplinar de seguimiento que incluya médico, enfermera,
dietista, logopeda y terapeuta ocupacional puede ofrecer resul-
tados en general. No obstante, también se afirma que ello es
complejo y que hay poca evidencia relacionada con la atencion
de los pacientes en NED dada su complejidad y su costo (34).

El grupo NADYA especifica que los controles tienen que ser
sencillos, realizables en el domicilio y por personal no profe-
sional, debiéndose huir de controles que produzcan molestias
innecesarias a los enfermos (3). En este sentido, es importante
sefialar que la monodosis en pacientes con NED intermitente por
sonda gastrica de cualquier tipo es una propuesta mas (til en
pacientes y familiares mayores que no reciben programas de
educacion, no pueden comprenderlo, no pueden asumirlo 0 son
susceptibles de cometer errores humanos, los cuales constitu-
yen una mayoria, especialmente si atendemos a la edad media
de los conyuges de los pacientes con NED.

En un estudio sobre el perfil de las personas mayores en Espaiia
publicado en 2019 se extraen las siguientes conclusiones (35):

— La persona que cuida de los hombres mayores que nece-
sitan ayuda es fundamentalmente su conyuge, seguida de
su hija. En el caso de las mujeres mayores, son las hijas las
que se hacen cargo de los cuidados, mds frecuentemente
seguidas de otros familiares y amigos. Las hijas también tie-
nen entre 45y 64 anos y aportan el 48,8 % de los cuidados.

— Las personas mayores, hombres y mujeres, cuando cuidan,
lo hacen con alta dedicacion horaria; mas de dos tercios
de ellos dedican mas de 20 horas a la semana al cuidado.

— La vejez aumenta la probabilidad de vivir en soledad y se
observa un incremento de los hogares unipersonales en
personas de 65 y mas afos.

— La forma de convivencia mayoritaria entre las personas de
65 0 mas afos es la pareja sola (sin hijos ni otros convivien-
tes) y en el futuro se espera que esta situacion aumente.

Todos estos datos son preocupantes si, tal y como han com-
probado algunos estudios sobre dificultades de la NED, los pa-
cientes pueden sentirse socialmente aislados y psicolégicamente
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agobiados por los roles adicionales que asumen, siendo positiva
la ayuda de los cuidadores e importante tener a su familiar en
casa (36).

La excesiva sobrecarga familiar por el peso en la atencion a
los ancianos y discapacitados esta en el capitulo introductorio
de disposiciones legales que contemplan medidas de ayuda de
caracter sanitario en Andalucia (37) y en otras comunidades
espafolas. Dados los datos anteriores y las recomendaciones
de las sociedades cientificas, cualquier innovacion de caracter
técnico convenientemente justificada es una oportunidad para
potenciar la NED, aumentando la calidad de vida de la poblacion
en términos de Salud Publica.

Aungue no constituye el objetivo primordial del presente tra-
bajo, el medio hospitalario también se puede beneficiar de la
existencia de envases monodosis de 375 ml para cuatro tomas:
desayuno, almuerzo, merienda y cena (1,500 ml/24 h) para la
mayoria de los pacientes, disminuyendo la manipulacion v el
gasto en contendores de plastico.

En una revision sistematica y un metaanalisis publicados en
2022, se comprobd que en pacientes criticos en unidades de
cuidados intensivos la nutricion enteral intermitente o por bolos
presentaba ciertas ventajas sobre la nutricion enteral continua,
como una disminucion de las interrupciones para realizar pruebas
y, probablemente, menor restriccion de movimientos del paciente,
menor estrefiimiento y metabolismo mas fisioldgico. Sin embargo,
existe la preocupacion de que la administracion intermitente pueda
provocar un aumento de la diarrea en pacientes en estado critico
y un mayor riesgo de intolerancia alimentaria, asi como un posible
riesgo de aspiracion en algunos estudios (38).

Teniendo en cuenta el tiempo de enfermeria requerido para la
administracion, los factores de seguridad del paciente, el costo
de la formula y los suministros, se ha comprobado que el sis-
tema cerrado es mas rentable dado el factor “menor tiempo de
enfermeria requerido” en unidades de cuidados intensivos (39).

Pero se hace necesario descargar también a los equipos de
enfermeria de estar permanentemente vigilando “por qué raya
va” la nutricion intermitente por gravedad de cada paciente en
el sistema cerrado cuando la dosis no se ajusta al envase, 0 en
qué parte del frigorifico esta y cudl es el envase sobrante de cada
paciente para sacarlo a tiempo y no suministrarlo excesivamente
frio. Es una buena préctica prever errores de identificacion del
envase, un riesgo tan relevante que esta considerado como el
indicador de calidad en la dimension seguridad mas valorado en
nutricion clinica (7). Sin embargo, todavia las mesas de trabajo
y los refrigeradores en los controles de enfermeria de muchos
hospitales y residencias son auténticos almacenes de envases
de NE ya abiertos y usados o con etiquetas identificativas escri-
tas a mano, lo que supone un evidente atraso.

La American Society of Parenteral and Enteral Nutrition (AS-
PEN) realiza recomendaciones de seguridad que incluyen la
temperatura de conservacion y la caducidad de los envases ya
abiertos (40), pero se desconoce la prevalencia de complicacio-
nes derivadas de suministrar la NE por sonda a temperatura del
frigorifico directamente en el estdmago en el medio hospitalario,
por lo que son necesarios estudios al respecto. Mientras tanto,
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cabe decir que no es una actuacion fisioldgica. Con la adecua-
cion de los envases monodosis a las pautas de mantenimiento
habituales expresadas en las guias de practica clinica, la NE
intermitente se administraria siempre a temperatura ambiente.

Por otra parte, la frecuencia con que se desechan envases
con algun contenido para abrir otro nuevo y evitar mezclas en el
medio hospitalario es desconocida, pero en un cdmputo general
podria influir en el coste asociado al soporte nutricional.

Se desconoce también la prevalencia de vomitos, aspiracion
bronquial y diarreas secundarias a sobredosificacion accidental
0 inadvertida en pacientes hospitalizados con NE intermitente por
sonda gastrica. Existe un trabajo realizado por un equipo de en-
fermeria en el que se detecta menor diarrea y complicaciones en
la administracion por jeringa (20-40 minutos cada toma) que en
administracion por gravedad en goteo en pacientes a las dos se-
manas y a los dos meses del alta hospitalaria (41). Seria impor-
tante conocer si en estos Ultimos hubo casos de sobredosifica-
cion de la nutricion por olvido, puesto que la NED en gravedad se
considera una técnica mas segura para pacientes susceptibles
de complicaciones digestivas y mejor tolerada en general (13).

En el medio hospitalario, los envases ya abiertos y manipula-
dos son administrados por enfermeria, por lo que el horario de-
pende por completo de sus posibilidades laborales y es diferente
cada dia, en cada planta y cada servicio. Con el formato mono-
dosis, y una vez comprobada la tolerancia, se podrian entregar
todos los envases de un dia cerrados y estériles al principio de
la manana al cuidador o familiar, y administrarse siempre en ho-
rarios exactos, regulares y fisioldgicos, como recomiendan las
guias referenciadas. Al mismo tiempo, el familiar puede adquirir
un aprendizaje practico de la técnica mas sencilla por goteo en
gravedad, lo que disminuiria el temor al alta hospitalaria. La car-
ga asistencial de enfermeria se reduciria de modo relevante en
determinados servicios clinicos, aunque son necesarios estudios
para confirmarlo dado que el concepto monodosis en NE es no-
vedoso.

Las unidades especializadas en nutricion clinica que reco-
mienda la ESPEN acumulan varias décadas de experiencia en
atencion hospitalaria y domiciliaria en la comunidad espafiola de
Andalucia. Asimismo, la Sociedad Andaluza de Nutricion Clinica
y Dietética (SANCYD) especifica que el método de emboladas
mediante jeringa “es menos recomendable en hospitales por la
patologia propia del paciente y las dificultades del personal de
enfermeria. Sin embargo, suele ser muy Util en la nutricion do-
miciliaria” (18).

Este hecho es cierto, pero también es interesante haber cons-
tatado en los cuestionarios de calidad que las mismas dificul-
tades de tiempo y posibilidad para administrarla correctamente
pueden trasladarse del hospital al entorno familiar. En Espafia,
las personas mayores suponen el 45 % de todas las altas hospi-
talarias en 2017 (35).

A pesar de que la administracion de la NE mediante jeringas
de 50 0 60 ml es la mas extendida a nivel domiciliario, no existen
estudios suficientes acerca de la adherencia a las recomenda-
ciones sobre seguridad de dicha técnica por la dificultad para
investigar en el seno de los hogares, sesgo frecuente en 10s es-
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tudios sobre nutricion clinica. Dada la alta dedicacion en tiempo
que requiere, es posible que algunas complicaciones comunes
sean derivadas de administrar cada jeringa mas deprisa de los
3-4 minutos recomendados para cada una y no de la composi-
cion de las formulas.

A los problemas ya mencionados sobre el exceso de manipu-
lacién y la dificultad para leer las medidas por parte de pacientes,
cuidadores y familiares ancianos hay que afadir las derivadas
de falta de fuerza en las manos para manipular las jeringas por
sarcopenia medible mediante dinamometria. Se estima que, en
pacientes ancianos, una disminucion de la fuerza prensil implica
pérdida de independencia (42), de independencia para adminis-
trar la NE en este caso, y actualmente, se utiliza como diagndsti-
co avanzado de desnutricion (43).

También es importante contemplar la posibilidad de discapaci-
dad para realizar el movimiento de pinza por dolor articular en el
contexto de artrosis sintomatica de las manos, muy prevalente,
relacionada con la edad (44) y que provocaria dificultad para ad-
ministrar las 30 0 40 jeringas diarias que requiere habitualmente
la NE intermitente. Este perfil de cuidador es frecuente, lo sera
cada vez mas y se beneficiaria claramente de la NED intermi-
tente en formato monodosis por sistema de goteo en gravedad.

A nivel hospitalario, el 41 % de los errores de medicacion en
general puede ser atribuido al proceso de administracion. A nivel
ambulatorio, el sumatorio de los parametros (dosis/cantidad in-
adecuada, técnica de administracion incorrecta, forma de dosifica-
cion incorrecta, preparacion incorrecta del farmaco, ruta incorrecta
y tiempo inadecuado) puede suponer un 48,2 % de los errores.
Los relativos a omision o errores de prescripcion en medicacion
de pacientes ambulatorios suman el 44,6 % (45). En este punto,
es esencial subrayar una particularidad de la NED: algunos siste-
mas digitales centralizados para prescripcion médica no permiten
especificar las diferentes dosis diarias sino el nimero de cajas
0 unidades de NE/tiempo, por lo que es factible deducir que los
errores en NE son mayores en el ambito ambulatorio.

La administracion de NE intermitente por sistema de gravedad
con formato monodosis de 375 ml puede constituir una innova-
cion que aglutine la prevencion de todos los problemas referidos
anteriormente.

MONODOSIS EN NUTRICION ENTERAL
INTERMITENTE Y REQUERIMIENTOS
NUTRICIONALES

Las recomendaciones de la ESPEN y el Grupo NADYA-SENPE
acerca del volumen 6ptimo a suministrar en cada toma son fruto
de la mayor evidencia posible, y no son incompatibles con el
cumplimiento de los requerimientos nutricionales de calorias y
proteinas estimados en la gran mayoria de los pacientes, como
veremos a continuacion.

Para calcular los requerimientos caldricos-proteicos exis-
ten multiples formulas y métodos: Harris-Benedict-Long, Food
and Agriculture Organization/World Health Organization/United
Nations University (FAO/WHO/UNU), Fredrix, Mifflin-St. Jeor,
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Lihrmann, Miiller, Henry, Frankenfield, Owen, Katch-McArdle,
Cunningham, Schofield, Ireton-Jones, Faisy y otros. En general,
pueden sobrestimar o subestimar las necesidades reales en mo-
derada proporcion en funcion de la tipologia de los sujetos y
su grado de salud o enfermedad. Pero ello constituye un sesgo
tedrico menor, pues el sesgo mas relevante se da en la practi-
ca: con frecuencia no se pesa a los pacientes encamados con
patologia neuroldgica que no se pueden levantar, ni se aplica la
formula de Chumlea para comprobar su estatura real (46). Por
todo ello, lo mas cercano a la realidad no seria calcular el gasto
energeético en reposo (GERc), sino medirlo mediante calorimetria
indirecta (GERm), lo que resulta complejo por coste y disponibi-
lidad (47,48). No es habitual realizar una prueba de GERm a los
pacientes con NE en el medio hospitalario ni ambulatorio mas
alla de los ensayos de investigacion.

Podemos utilizar la ecuacion de Harris-Benedict para calcu-
lar los requerimientos caldricos en el anciano (49): un varon de
65 arios con una estatura de 1,70 my un peso de 70 kg pre-
senta un gasto energético (GE) basal de 1.439 kcal/dia; aplican-
do el factor 1,1 (no se levanta, conduce, plancha, etc.), resulta
un GERc de 1.583 kcal/dia. Del mismo modo, una mujer de
65 afios, de 1,62 m de estatura y 65 kg presenta un GERc de
1.284 kcal/dia. Mediante la ecuacidn de Mifflin-St. Jeor, es-
tas mismas personas tendrian un GERc de 1.587 kcal/dia y
1.295 kcal/dia, respectivamente, lo que coincidiria casi exacta-
mente con los calculos anteriores (50). Es oportuno sefialar que
“muchos de los pacientes hospitalizados a los que se prescribe
nutricion artificial estdn encamados, lo que implica que su ac-
tividad fisica suele ser muy escasa o nula, por lo que, en éellos,
para estimar los requerimientos caldricos, basta con multiplicar
el GEB por el factor enfermedad” (51) y, en poblacion en general,
en cualquier persona encamada, tendida o inactiva todas las ho-
ras, el GER se ha de multiplicar por 1 (52).

Es necesario apuntar que dichos calculos son simples apro-
ximaciones, pero cuando se calcula el porcentaje de mayores
de 65 afos que tienen una estatura menor de 1,70 m resulta
un 68,6 % para varones y un 86,2 % para muijeres (53), por lo
que una dosis entre 1.284 y 1.583 kcal/dia abarcaria a la ma-
yor parte de la poblacion mayor de 65 afios que precisara una
NED vy estuviera en reposo 0 encamada. Probablemente, la me-
dia de requerimientos no seria mas alta sino mas baja, puesto
que la mayor parte de los pacientes con NED tienen mas de
65 afos. Incluso segun trabajos del grupo NADYA-SENPE en Es-
pafa realizados en 5.107 pacientes durante un afio, los mayores
de 74 arios supusieron el 54,9 % de los estudiados, con una edad
media de 67,9 afios. Sobre el coeficiente de actividad, en este
mismo estudio la actividad estaba limitada o se realizaba vida ca-
ma-sillon en el 67,41 % de los casos y los pacientes precisaban
ayuda total o parcial en el 64,19 % (54). Por otra parte, a partir de
la edad de 65 arios las estaturas mayores de las propuestas en el
ejemplo son infrecuentes, segun los datos consultados del Instituto
Nacional de Estadistica, y si el varon o la mujer pesara algo mas del
peso propuesto entrarian en sobrepeso, con un IMC > 25 kg/m?,
y las formulas sobreestimarian los requerimientos, que es la razon
por la que se han utilizado estas cifras.
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En resumen, desde una perspectiva tedrica, la mayor parte de
los pacientes mayores, encamados 0 en reposo, con nutricion
enteral por sonda en su domicilio 0 en una institucion, por disfa-
gia secundaria a patologia neurologica y sin estrés metabdlico,
tienen unos requerimientos energéticos que oscilan alrededor
de las 1.500 kcal/dia, es decir, 375 ml en desayuno, almuerzo,
merienda y cena.

Estas estimaciones tedricas se confirman en la practica. En
revisiones sobre NED en Espania, incluyendo no solo pacientes
con patologia neuroldgica sino también oncoldgicos con mayo-
res requerimientos energéticos, la dosis media de NED fue de
1.588 ml y 1.650 kcal/dia (32). Incluso en estudios sobre NED
donde se analizo una patologia frecuente como la diabetes y la
prevalencia de pacientes oncologicos fue mayor que la de neuro-
l6gicos, la media resultante fue de 1.708 kcal/dia (55).

La existencia de envases monodosis de nutricion enteral de
375 ml dirigidos a la mayor parte de los pacientes con NED in-
termitente no excluye la clasica presentacion de 500 ml para
pacientes con tolerancia demostrada o nutricion enteral continua
por nutribomba, simplemente la complementa. Independiente-
mente de ello, el contenido del envase monodosis de NE puede
ser una formula estandar o especifica, hipercaldrica, hiperprotei-
ca o0 cualquiera de la amplia gama presente ya en el vademécum
de terapia médica nutricional y en los sistemas sanitarios, por lo
que aportar cualquier cantidad de calorias o proteinas seria sen-
cillo eligiendo la composicion oportuna o incluso indicando mas
0 menos tomas en funcion de las necesidades, tal y como se
contempla en las guias. Utilizando formulas de 1,0, 1,1,1,2,1,3,
1,4,1,5,1,6,1,7 y 2,0 kcal/ml u otras concentraciones, en tres
0 cuatro tomas, se consigue cualquier objetivo caldrico desde
1.125 hasta 3.000 kcal/dia. Lo esencial es adaptar la presenta-
cion farmacéutica a la prescripcion médica cumpliendo de facto

las dosis habituales y las recomendaciones de las sociedades
cientificas de aportar entre 350 y 400 ml en cada toma en la
mayor parte de los pacientes durante la fase de mantenimiento.

Tomas monodosis menores de 375 ml, como 250 ml, pueden
ser muy Utiles en casos especificos, en pautas de inicio o pautas
de mantenimiento en las que no sean necesarias concentracio-
nes altas o tomas demasiado frecuentes para cumplir requeri-
mientos nutricionales, con objeto de no afectar a la tolerancia o
a la calidad de vida del paciente, respectivamente. La dificultad
para ajustar las pautas de insulina en personas con diabetes que
reciben cinco, seis o siete tomas de NE intermitente es un hecho
que debe ser tenido en cuenta por los facultativos: no es facil que
las glucemias capilares se realicen en ayunas.

No existen referencias bibliograficas acerca de la existencia de
envases monodosis de 375 ml en NE intermitente. Sin embargo,
fruto del asesoramiento del autor de este articulo a un laboratorio
de nutricion, el formato de 375 ml ya existe y esta comerciali-
zado en Espafia, pero seria deseable que dicha innovacion se
extendiera al resto de los paises europeos y a nivel internacional.
Probablemente, el tiempo de implantacion general sea directa-
mente proporcional no solo a la experiencia acumulada por el
estamento médico y de enfermeria, por las sociedades cientifi-
cas y la incorporacion de todos los laboratorios, sino también a
las mayores demandas y expectativas de las numerosas asocia-
ciones de familiares y pacientes con patologias neuroldgicas o
altamente dependientes por cualquier enfermedad.

En la tabla | queda reflejada la distribucion de calorias totales
diarias en nutricion enteral intermitente por sonda gastrica en
funcidn de tres parametros: tipologia tedrica del formato de en-
vase utilizado, intervalos de concentracion calérica y nimero de
tomas/dia. Tal y como se ha sefialado anteriormente, gracias a
la variabilidad de férmulas disponibles actualmente, los calculos

Tabla I. Distribucion de kcal totales diarias en nutricion enteral intermitente por sonda
gastrica en funcion de las kcal/ml de la formula, numero de tomas/dia y tipologia de
envase utilizado

Formatos kcal/ml 2 tomas 3 tomas 4 tomas 5 tomas 6 tomas 7 tomas

1,0-1,25 500-625 750-937 1.000-1.250 1.250-1.562 1.500-1.875 1.750-2.187

250 ml 1,25-15 625-750 937-1.125 1.250-1.500~ 1.562-1.875 1.875-2.250 2.187-2.625
1,5-1,75 750-875 1.125-1.312 1.500*-1.750* 1.875-2.187 2.250-2.625 2.625-3.062
1,75-2,0 875-1.000 1.312-1.500* | 1.750*-2.000* 2.187-2.500 2.625-3.000 3.062-3.500
1,0-1,25 750-937 1.125-1.406 1.5007-1.875* 1.875-2.343 2.250-2.812 2.625-3.281
1,25-1,5 937-1.125 1.406-1.687* | 1.875*-2.250* 2.343-2.812 2.812-3.375 3.281-3.937

srom 1,5-1,75 1.125-1.312 1.687*-1.968* | 2.250*-2.625* 2.812-3.281 3.375-3.937 3.937-4.593
1,75-2,0 1.312-1.500 1.968*-2.250* | 2.625*-3.000" 3.281-3.750 3.937-4.000 4.593
1,0-1,25 1.000-1.250 1.500-1.875 2.000-2.500 2.500-3.125 3.000-3.750 3.500-4.375

500 mi 1,25-1,5 1.250-1.500 1.875-2.250 2.500-3.000 3.125-3.750 3.750-4.500 4.375
1,5-1,75 1.500-1.750 2.250-2.625 3.000-3.500 3.750-4.375 4,500
1,75-2,0 1.750-2.000 2.625-3.000 3.500-4.000 4.375-5.000

En recuadro interior: “cumple ingestas dietéticas de referencia (RDI) de micronutrientes, cumple RDI de micronutrientes con fdrmula normocaldrica. No se reflejan

cifras mayores a 5.000 kcal/dia.
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de calorfas resultantes serian tan amplios como formulas existen.
Por ello, y para abarcarlas todas, en la tabla no se han utilizado con-
centraciones concretas sino rangos de concentracion periddicos de
0,25 keal, desde 1 hasta 2 kcal/ml, y el médico prescriptor puede
determinar cualquier concentracion intermedia con calculos muy
sencillos. En el recuadro interior se marcan las calorias resultan-
tes considerando dos parametros: tomas dentro de los margenes
habituales segun ESPEN (200-400 ml) (11) y tomas fisiologicas si-
mulando las horas de las comidas (3): desayuno, almuerzo y cena
(tres tomas) 0 desayuno, almuerzo, merienda y cena (cuatro tomas).

LOS ENVASES DE NUTRICION ENTERAL
Y LA LEGISLACION EUROPEA Y MUNDIAL
EN EL HORIZONTE 2030

Evidentemente, lo mas importante es el paciente y su estado
nutricional, pero conviene no obviar el ahorro en costes derivados
de la utilizacion de fungibles como el contenedor de plastico, que
con la monodosis practicamente desapareceria o tendria un uso
anecdotico.

Existe otro beneficio relevante del envase monodosis: las recien-
tes disposiciones legales europeas y mundiales de rango mayor
relacionadas con la disminucion de la produccion y emisién de
residuos de material plastico en el ecosistema como estrategia de
desarrollo sostenible. Estas normativas afectan a todos los ambitos
de la produccion industrial, en la que se incluyen también las em-
presas farmacéuticas. Cuando la dosis prescrita no coincide con
la presentacion farmacéutica, es necesario observar y monitorizar
el volumen suministrado, por lo que el envase o una parte de él
ha de ser necesariamente de plastico transparente, 1o que dificulta
la utilizacion de envases de material organico reciclable para la
administracion de NE intermitente por sonda.

En un futuro, los envases monodosis de 375 ml podrian ser
de cartdn o material sostenible y reciclable al no sobrepasar los
400 ml considerados habituales y aconsejados en la literatura
cientifica, lo que indudablemente favoreceria y apoyaria a todos
los laboratorios en su necesaria adaptacion a la legislacion euro-
pea sobre limitacion en la produccion de plasticos no reciclables
con el horizonte en el afio 2030.

De la lectura detenida de los nuevos objetivos de desarrollo
sostenible de la Organizacion de Naciones Unidas (ONU) y las
directivas del Parlamento Europeo y del Consejo de Europa se
deduce que la innovacion del envase monodosis en nutricion en-
teral no es un inconveniente sino una oportunidad (56-59).

CONCLUSIONES

La eficacia de las formulaciones de NE actuales, avalada por
un extenso cuerpo de conocimiento fruto de la investigacion en
el tratamiento de la desnutricion relacionada con la enfermedad,
puede complementarse con la adecuacion de los envases a las
pautas y tiempos de tratamiento habituales de acuerdo con los
criterios de buena practica médica.

J. J. Silva Rodriguez

Los beneficios de la innovacion consistente en un formato de
envase monodosis de 375 ml en NE pueden ser: aumentar la
seguridad del paciente, disminuir las complicaciones de la nutri-
cion enteral intermitente por sonda gastrica, mejorar la higiene,
facilitar y racionalizar su administracion, simplificar la prescrip-
cion, asi como mejorar la calidad de vida de los familiares, los
cuidadores y los propios pacientes. Todo ello de acuerdo con las
recomendaciones de las sociedades cientificas relacionadas con
la NED y la seguridad en la administracion de medicamentos.
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OPTIMIZANDO EL APORTE DE HIDRATOS
DE CARBONO DE LOS MEDICAMENTOS
EN PACIENTES EPILEPTICOS CON DIETA
CETOGENICA

Sr. Editor:

Hemos leido con gran interés el articulo recientemente pu-
blicado en esta revista por Martin-Prado y cols. (1), en el que
se realiza un andlisis sobre el control en carbohidratos de los
antiepilépticos mas comunes utilizados en paciente pediatricos
epilépticos con dieta cetogénica (DC). Nos gustaria aprovechar
esta oportunidad para compartir algunas reflexiones y ampliar el
debate en torno a la restriccion de carbohidratos en la medica-
cion para estos pacientes.

En primer lugar, compartimos con los autores la importancia
de reducir al minimo el contenido de hidratos de carbono en
los medicamentos utilizados en el tratamiento de la epilepsia
refractaria. Esto no solo mejora la calidad de vida del paciente,
sino que también permite una mayor flexibilidad en la DC y
ayuda a alcanzar y mantener la eficacia del tratamiento. Sin
embargo, la necesidad o no de un analisis exhaustivo que im-
plique recurrir a alternativas farmacéuticas, como puede ser la
adquisicion de una alternativa comercializada, un cambio de
via de administracion, formulas magistrales o farmacos de difi-
cil acceso, debe valorarse de forma individualizada por parte de
todo el equipo segun una serie de variables: la situacion clinica
del paciente, como de restrictiva ha de ser la DC, si el paciente
alcanza y mantiene niveles de cetosis (2-5 mmol/l), cantidad y
dosis de la medicacion (en ocasiones, el aporte es tan infimo
que no es necesario buscar otra alternativa), asi como otras
consideraciones.

Ademas, el paciente pediatrico con DC es habitualmente un
paciente complejo con comorbilidades asociadas a la epilepsia

Conflicto de intereses: los autores declaran no tener conflicto de intereses.

y otras patologias. Las comorbilidades mas comunes en estos
pacientes se describen en el estudio realizado por Garcia Ron
y cols. (3), donde el 41,3 % de los pacientes de su muestra
padecian alguna comorbilidad neuropsiquiatrica y el 28,3 %,
alguna comorbilidad sistémica, entre las cuales destacan afec-
taciones respiratorias, gastrointestinales e infecciosas. Todas
estas patologias aumentan el riesgo 0 son desencadenantes del
ingreso hospitalario y todas ellas necesitan también tratamiento
farmacoldgico que influye de igual manera en el computo total de
aporte de hidratos de carbono.

En este sentido, creemos que es igual de relevante conocer el
aporte de otros medicamentos habituales durante el ingreso, l0s
cuales detallamos en la tabla | (4), donde se expresa el contenido
caldrico en hidratos de carbono en forma de kcal por comprimido
0 capsula y, en el caso de soluciones/suspensiones, en forma
de kecal/ml. En la dltima columna figuran los excipientes que se
tuvieron en cuenta para el calculo del contenido calérico.

Por otro lado, proponer alternativas mediante la elaboracion de
formulas magistrales es un recurso clave que debe valorarse en
los casos mas restrictivos. Al final de la tabla | (5), se muestran
algunas opciones de formulas magistrales elaboradas en nuestro
Servicio de Farmacia que reducen a cero el aporte de hidratos de
carbono de farmacos comercializados.

En conclusion, la DC es un recurso cada vez mas utilizado
para estos pacientes y resulta interesante seguir investigando
en esta area, ampliando el estudio del contenido en carbohi-
dratos y la elaboracion de féormulas magistrales a mas medi-
camentos.

Javier Corazon Villanueva, Maria de la Torre Ortiz, Virginia
Puebla Garcia, José Manuel Martinez Sesmero

Servicio de Farmacia Hospitalaria.

Hospital Clinico San Carlos. Madrid
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En su reciente carta, Ferrada-Quezada y Roco-Videla (1) subra-
yan los desafios (inicos que enfrentan los trabajadores nocturnos en
relacion con su salud y bienestar. En particular, los autores detallan
como las alteraciones en el suefio y el metabolismo pueden dar lu-
gar a problemas de salud, entre ellos, cambios en los patrones de
alimentacion y un mayor riesgo de obesidad y otras enfermedades
cronicas. Basandonos en estos hallazgos, se propone profundizar en
el desarrollo de estrategias efectivas de gestion de la salud para los
trabajadores nocturnos, un tema que merece mas atencion.

Las estrategias de gestion de la salud para los trabajadores
nocturnos son vitales para mitigar los riesgos asociados con los
trastornos del suefio y el metabolismo. Una estrategia efectiva po-
dria ser la implementacion de programas de educacion sobre sue-
fo y nutricion especificos para trabajadores nocturnos (2). Estos
programas podrian ayudar a los trabajadores a comprender como
optimizar sus patrones de suefio y alimentacion para reducir 10s
riesgos de salud relacionados con su horario de trabajo.

Para mitigar los efectos adversos del trabajo nocturno en
la salud y el bienestar de los empleados, es fundamental rea-
justar estrategias desde la gestidn organizacional. Este ajuste
puede lograrse controlando la exposicion a la luz y la oscuridad
a través de actividades como la exposicion a la luz natural, el
uso de gafas de sol, dormir en completa oscuridad y la incor-
poracion de luz brillante durante los turnos de noche (3). Este
plan exige el disefio de horarios laborales ergonémicos que
restrinjan tanto como sea posible el trabajo nocturno, eviten
largos periodos de turnos nocturnos consecutivos y establez-
can suficientes dias de descanso entre turnos. A pesar de la
eficacia de estas medidas, es crucial adaptar las disposiciones

Conflicto de intereses: el autor declara no tener conflicto de intereses.

de los turnos a las demandas especificas del trabajo y a las
caracteristicas individuales de cada empleado (4,5).

La promocion de la actividad fisica también puede ser una he-
rramienta Gtil para mejorar la salud y el bienestar de los trabaja-
dores nocturnos. Investigaciones sugieren que el ejercicio regular
puede ayudar a regular los ritmos circadianos y a mejorar la cali-
dad del suefio (6). El impacto del trabajo nocturno en la salud y el
bienestar de los empleados puede ser contrarrestado mediante la
implementacion de programas de actividad fisica. Se ha demos-
trado que la fatiga asociada con los turnos de trabajo se reduce
significativamente a través de la intervencion del entrenamiento
fisico moderado, que incluso puede aumentar ligeramente la du-
racion del suefio y disminuir los sintomas musculoesqueléticos en
los trabajadores de turno (7). Ademas, datos recientes sugieren
que el gjercicio supervisado en el lugar de trabajo, especialmente
en profesiones como la enfermeria, que requieren turnos rotativos,
promueve la salud general (8).

Fomentar una cultura de respaldo en los lugares de trabajo
para trabajadores nocturnos es esencial. Se deben considerar
necesidades particulares, como la alimentacion saludable y los
descansos adecuados, las cuales inciden no solo en su bienes-
tar, sino también en la eficacia y productividad de la organizacion
(9). Por otro lado, el manejo de la readaptacion circadiana es
fundamental para la recuperacion fisica y mental, y su inclusion
regular en los horarios laborales y poslaborales puede mejorar el
rendimiento (10).

Las estrategias de gestion de la salud para trabajadores noc-
turnos son un tema que necesita mas atencion. Al promover
programas de educacion, horarios de trabajo flexibles, actividad
fisica y un entorno de trabajo de apoyo, podemos ayudar a mejo-
rar la salud y el bienestar de los trabajos nocturnos.

Claudio Aranguiz Bravo
Facultad de Salud y Ciencias Sociales.
Universidad de las Américas. Chile
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El estudio de Fehrman-Rosas y cols. (1) reveld un dato inte-
resante: un alto porcentaje de mujeres conformaba la muestra
estudiantil de la carrera de Nutricion en Chile, alcanzando un
86,4 %. Esta proporcion se ha mantenido consistente a lo largo
del tiempo, tanto en publicaciones antiguas como en estudios
actuales que incluyen estudiantes de Nutricion o de Ciencias de
la Salud chilenos (2,3). Esto nos llevo a analizar la evolucion de
la matricula nacional en la carrera de Nutricion a partir de los
datos del Consejo Nacional de Educacion de Chile, cuya dltima
actualizacion fue el 1 de junio de 2022 (4).

La tabla | presenta los porcentajes de hombres y mujeres en
primer afo de ingreso y en el total de matriculas durante los
anos 2005y 2022 en la carrera de Nutricion en Chile. Se puede
observar que el porcentaje de hombres en primer afio ha au-
mentado a mas del doble entre 2005 y 2022. Sin embargo, la
presencia masculina en la totalidad de la muestra se mantiene
baja, lo que indica que existe un interés inicial por esta profe-
sion, aunque la permanencia masculina se reduce con el tiempo.
Por otro lado, al contrastar estos datos con los de la carrera
de Construccion Civil, tradicionalmente considerada una carrera
masculina, se observa un aumento en el porcentaje de mujeres
en su primer afo, que pasa del 17,2 % (20,7 % del total de ma-
triculas) al 24,7 % (24,3 % del total) (4). Esto indica un aumento
en la participacion femenina y una mayor retencion en la carrera.
Ademas, en otras ramas de la Ingenieria, el porcentaje de mu-
jeres incluso ha superado el 50 % del total de matriculados (5).

A pesar del paso del tiempo, los aspectos culturales siguen
influyendo en la eleccién de una carrera profesional. En la so-
ciedad latinoamericana, las expectativas de género siguen sien-
do un factor determinante en la eleccion de una carrera (6-8).
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Sin embargo, en Chile, se han implementado proyectos como
“Muijer e ingenieria: sembrando experiencias” (7) y se han crea-
do grupos como Muijeres Ingenieras de Chile (https://mujeresin-
genieras.cl/), los cuales han logrado cambiar la percepcion de
las nifias en colegios y en la sociedad en general, impactando
positivamente en su integracion en este campo de formacion
(5-7,9). En contraste, a pesar de que carreras como Nutricion
han experimentado un crecimiento significativo en su oferta aca-
démica en la Ultima década debido a programas gubernamenta-
les en el drea (10), no se ha observado un incremento sostenido
en la participacion masculina, a diferencia de lo que ha ocurrido
con la participacion femenina en Ingenieria. Esto puede deber-
se, en parte, a la falta de esfuerzos equivalentes en Chile para
fomentar la inclusion masculina en carreras histéricamente aso-
ciadas al género femenino, en contraste con las iniciativas imple-
mentadas para promover la participacion femenina en areas no
relacionadas con la salud o la educacion. Si deseamos cambiar
los estereotipos de género, es imprescindible adoptar una vision
integradora y estimular la participacion igualitaria en todos los
campos del conocimiento, tanto para hombres como para mu-
jeres. Esto no solo mejorara los indicadores, sino que también
permitird brindar una mejor atencion en salud a quienes la nece-
siten, ya que un equipo diverso en términos de género siempre
aportara perspectivas mas constructivas para la sociedad.
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Tabla I. Porcentaje de hombres y mujeres en primer aflo de ingreso y en el total de
matricula durante los afios 2005 y 2022 en la carrera de nutricion a nivel nacional en Chile

% hombres % mujeres
1.°" afo 1.°r afio % total Hombres % total Mujeres
2005 13,9 % 87,8 % 11,8 % 88,2 %
2006 16,5 % 85,9 % 11,8 % 88,2 %
2007 17,0 % 85,4 % 12,7 % 87,3%
2008 13,8 % 87,9 % 10,9 % 89,1 %
2009 15,3 % 86,7 % 11,5 % 88,5 %
2010 15,5 % 86,6 % 11,7 % 88,3 %
2011 13,9 % 87,8 % 11,7 % 88,3 %
2012 13,7 % 87,9 % 11,5% 88,5 %
2013 14,4 % 87,4 % 11,4 % 88,6 %
2014 145 % 87,4 % 11,6 % 88,4 %
2015 15,0 % 87,0 % 11,7 % 88,3 %
2016 16,2 % 86,0 % 12,0 % 88,0 %
2017 16,3 % 86,0 % 12,3% 87,7 %
2018 19,4 % 83,8 % 13,0 % 87,0 %
2019 21,8% 82,1% 13,9 % 86,1 %
2020 22,6 % 81,6 % 14,4 % 85,6 %
2021 23,3% 81,1 % 15,1 % 84,9 %
2022 281 % 78,1 % 16,6 % 83,4 %
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