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Ambientes alimentarios en el hogar: un area de oportunidad para la investigacion y la intervencidn en nutricion y dietética

en adultos y personas mayores

Cualquiera de las formas de malnutricién (sobrepeso/obesidad
y desnutricion) se asocian con desenlaces adversos de salud en
el ciclo vital. Del afio 1990 al 2022 se ha incrementado la doble
carga de la malnutricién en todo el mundo; la prevalencia de
sobrepeso/obesidad se encuentra al alza en todo el mundo, y
la desnutricién se mantiene como un problema importante de
salud publica en paises del sur de Asia, Africa y Latinoamérica,
siendo este el escenario descrito en la transicién epidemioldgica-
nutricional*2 Es por ello, que la investigaciéon e implementacion
de nuevas estrategias para el control de las diversas formas de
malnutricién es una necesidad.

Los cambios experimentados en el sistema alimentario actual,
que facilita la produccién, distribucién, venta y consumo de pro-
ductos ultraprocesados (PUP) hiperpalatables, caracterizados
por su alto contenido afiadido de sodio, azlcares, grasa satu-
rada y harinas refinadas han sido el mayor contribuyente al in-
cremento de la malnutricién? En este proceso, las estrategias
de mercadotecnia y publicidad (promocién de alimentos por
medios tradicionales y digitales, promociones de reduccién pre-
cios en compras de envases con raciones mas grandes y otras
estrategias de lealtad) han desarrollado un papel importante,
incrementando la demanda de PUP3. Estas interrelaciones ob-
servadas entre el Sistema Alimentario (SA), las estrategias de
mercadotecnia y el consumo de PUP es el eje central de lo enten-
dido como ambiente alimentario.

El ambiente alimentario se define como el espacio fisico, econé-
mico, politico y el contexto sociocultural en el que los consumi-
dores interactian con el SA para el consumo de alimentos. Estas
interacciones se realizan teniendo como lineas transversales los
ambientes personales, es decir el acceso econémico a alimentos,
conveniencia y gusto; asi como los ambientes externos, entre
los que destacan la disponibilidad y distribucién de alimentos,
precios, estrategias de mercadotecnia y publicidad, y las regu-
laciones de venta y/o distribucién de alimentos. Debido a estas
caracteristicas, el ambiente alimentario es reconocido como un
espacio critico para implementar intervenciones que conduzcan
a dietas mds saludables y sostenibles®.

Intervenciones enfocadas al gran espacio fisico del ambiente ali-
mentario, como las regulaciones para la distribucion de alimen-
tos, localizacién de tiendas o puntos de venta, publicidad y mer-
cadotecnia alimentaria, y mejoras en los sistemas de etiquetado
de alimentos, han demostrado reducir el impacto adverso de los
ambientes alimentarios en la calidad dietética y los patrones ali-
mentarios sostenibles en todas las etapas del ciclo vital®.

Si bien, aunque el gran espacio fisico del ambiente alimentario
ha demostrado influir en los patrones dietéticos de la poblacion,
no se debe dejar de lado otras dimensiones del ambiente alimen-
tario que resultan de las interacciones de elementos personales
como es el ambiente alimentario del hogar. La definicién de am-

biente alimentario del hogar se comparte con la conceptualiza-
cién global de ambiente alimentario, teniendo como diferencia
la limitacién del espacio fisico donde suceden las interrelaciones
que influyen en el proceso alimentario*®,

El estudio del ambiente alimentario del hogar ha evolucionado
a la par de la evidencia que reconocia la interaccion de diversos
elementos en las decisiones alimentarias. Ejemplo de ello son
las herramientas de evaluacién del ambiente alimentario. Las
primeras de estas herramientas, basadas en un modelo de in-
ventarios, tenian como objetivo caracterizar los alimentos que
se encontraban en el hogar, y evaluar su calidad nutricional. Al
expandirse la conceptualizaciéon de ambientes alimentarios y la
interaccién de ambientes de mayor escala sobre los personales,
estas herramientas no lograron capturar la informacién com-
pleta del fenémeno. Por ello, en la actualidad, la evaluacién de
los ambientes alimentarios del hogar incluye la caracterizacion
de los productos disponibles, motivos de compra, acceso econd-
mico y de distribucién, situaciones culturales, religiosas, gustos
personales, habilidades culinarias, estilo de vida, efecto de Ia
mercadotecnia y publicidad, y otros factores claves del ambiente
a gran escala’®,

Los cambios antes descritos también han impactado en el tipo
de intervenciones que se realizan para la modificacion del am-
biente alimentario. Sin embargo, la mayor parte de la evidencia
disponible sobre este ambiente y sus modificaciones han tenido
como poblacién objetivo a nifios, nifias y adolescentes con so-
brepeso u obesidad, dejando fuera otros grupos de edad como
los adultos y personas mayores. Esto ha podido repercutir en un
menor entendimiento de las barreras que el ambiente alimenta-
rio del hogar genera en otras poblaciones, y que les condiciona
la calidad de la dieta asi como identificacién de intervenciones
nutricionales que pudieran ser efectivas®®. En especial, en la
poblacién de personas mayores, quienes tienen una apreciada
valoracién afectiva y emocional a la alimentacién en las inme-
diaciones del hogar, proceso que se encuentra condicionado a
factores transversales como la seguridad alimentaria, el abas-
tecimiento y acceso a los alimentos, nimero de integrantes del
hogar, roles de género, estilo de vida, trabajo, el placer hedénico
y de cuidado para el logro del bienestar que acompafa la ali-
mentacion en el hogar?,

Es en esta linea, el comité editorial de la Revista Espafiola de
Nutricién Humana y Dietética (RENHyD), después de analizar los
desafios alimentarios para un mundo que envejece'?, hace un lla-
mado a nuestros autores, revisores y lectores a realizar investiga-
ciones que permitan explicar el ambiente alimentario del hogar
de adultos y personas mayores, para proponer intervenciones
nutricionales que modifiquen este ambiente personal dado su
potencial para transformar las conductas alimentarias hacia ha-
bitos mas saludables y sostenibles, fundamentales para un en-
vejecimiento saludable y un mayor cuidado del medio ambiente.
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) Fluoxetine impairs muscular strength, power and endurance performance particularly when it is co-ingested
with caffeine: a case study

Introduction: Fluoxetine is a recurrent pharmacotherapy for depression used in athletes since it does not
seem to impair sports performance. Some athletes combine this drug with caffeine, however, the combined
effect of both drugs remains to be elucidated. This study aimed to explore the combined effect of fluoxetine

Depression; .
and caffeine on muscular strength, power, and endurance performance.

Fluoxetine; Methodology: In this case study, a resistance-trained female was recruited to complete four randomized
experimental conditions: a) placebo (PLA); b) placebo and fluoxetine (PLA+FLU); ) caffeine (CAF); d) caffeine
and fluoxetine (CAF+FLU). The participant was provided with 20 mg/day of fluoxetine and 3 mg/kg of
Resistance Training; body mass of caffeine or maltodextrin (placebo) 60 minutes after performing the tests. The participant
performed for bench press and back squat exercises a muscular strength and power test at 25%, 50%,
75% and 90%1-repetition-maximum (1RM), followed by a muscular endurance assessment at 65% and
Case Report. 85%1RM.

Results: CAF+FLU reduced mean velocity and power output in both exercises at 75% and 90%1RM
in muscular strength and power tests and at 85%1RM in the muscular endurance test. While PLA+FLU
and CAF+FLU administration reduced peak velocity and mean and peak power output at 25%1RM in the
muscular strength and power test and at 65%1RM in the muscular endurance test.

Caffeine;

Sport performance;

Conclusions: Fluoxetine may counteract the ergogenic effect of caffeineimpairing muscular strength, power
and endurance performance. Therefore, although further studies are needed, athletes diagnosed with
depression on fluoxetine treatment should reconsider caffeine consumption as a nutritional supplement
to enhance performance.

Obra bajo Licencia Creative Commons Reconocimiento-NoComercial-Compartirlgual 4.0 Internacional.
Mas informacién: http://creativecommons.org/licenses/by-nc-sa/4.0/

doi: https://doi.org/10.14306/renhyd.28.2.2047
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) La fluoxetina reduce la fuerza, potencia y resistencia muscular, especialmente cuando se ingiere junto con
cafeina: un estudio de caso

PALABRAS CLAVE

Depresién;
Fluoxetina;
Cafeina;

Entrenamiento de
fuerza;

Rendimiento
Deportivo;

Estudio de Caso.

KEY
MESSAGES

CITATION

RESUMEN

Introduccion: La fluoxetina es un fdrmaco utilizado para la depresién especialmente en deportistas ya
que parece no alterar el rendimiento deportivo. Algunos atletas combinan este farmaco con cafeina, sin
embargo, el efecto combinado de ambas drogas se desconoce. Este estudio tuvo por objetivo explorar el
efecto combinado de fluoxetina y cafeina sobre el rendimiento de fuerza, potencia y resistencia muscular.

Metodologia: En este estudio de caso, una mujer entrenada en fuerza realiz6 cuatro condiciones expe-
rimentales: a) placebo (PLA); b) placebo y fluoxetina (PLA+FLU); c) cafeina (CAF); d) cafeina y fluoxetina
(CAF+FLU). La participante ingirié 20 mg/dia de fluoxetina y 3 g/kg de masa corporal de cafeina o placebo
(maltodextrina), 60 minutos antes de realizar los test. La participante realizd un test de fuerza y potencia
muscular al 25%, 50%, 75% y 90% de 1-repeticién-maxima (1RM), sequido de un test de resistencia muscu-
lar al 65% y 85% de 1RM, en ambos casos para los ejercicios de press de banca y sentadilla.

Resultados: CAF+FLU redujo la velocidad y potencia media en press de banca y sentadilla al 75% y 90% de
1RM en el test de fuerza y potencia muscular, y al 85% en el test de resistencia muscular. Mientras que la
administracion de PLA+FLU y CAF+FLU redujo el pico de velocidad y potencia al 25% de 1RM en fuerza y
potencia musculary al 65% de 1RM en resistencia muscular.

Conclusiones: La fluoxetina contrarresta el efecto ergogénico de la cafeina sobre la fuerza, potencia y resis-
tencia muscular. Por tanto, aunque mas estudios son necesarios, los atletas diagnosticados con depresion
bajo tratamiento de fluoxetina deberian reconsiderar el uso de cafeina como suplemento nutricional para
mejorar el rendimiento.

1. Fluoxetine is a commonly used drug to treat depression in athletes since it does not seem to
alter sports performance.

2. During competition, some athletes are under fluoxetine treatment, combining this drug
with caffeine intake to enhance their performance.

3. Fluoxetine intake reduced muscular strength, power and endurance performance.

ll-. Fluoxetine intake counteracted the ergogenic effect of caffeine on muscular strength,
power, and endurance performance.

5. Athletes diagnosed with depression under fluoxetine treatment should reconsider the use of

caffeine as a performance-enhancing nutritional supplement.

Montalvo-Alonso JJ, Ferragut C, Rodriguez-Martin S, Valadés D, Pérez-Lépez A. Fluoxetine impairs muscular strength,
power and endurance performance particularly when it is co-ingested with caffeine: a case study. Rev Esp Nutr Hum

Diet. 2024; 28(2): 85-92.

doi: https://doi.org/10.14306/renhyd.28.2.2047
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‘ INTRODUCTION

It is estimated that there are around 350 million people
worldwide suffering from depressive disorders®. Elite and even
recreational athletes are also exposed to suffer this disease;
in fact, the prevalence of depression among athletes is high
due to several risk factors such as injuries, career termination,
decline in performance, catastrophic performance or even as
a consequence of COVID-19 pandemic lockdown?, observing a
more pronounced prevalence in individual sports compared to
team sport athletes®. Several pharmacotherapies have been
developed to treat depression (e.g., Venlafaxine, Imipramine
or Fluoxetine). Among them, fluoxetine is a selective serotonin
reuptake inhibitor that facilitates neurogenesis in the dentate
gyrus of the hippocampus, stimulation required for learning
and memory improvement, which counteracts depression®. In
athletes, fluoxetine is one of the preferred depression treatment
drugs since it seems to not improve or impair performance
during training or competitions®.

The case of Simone Biles during the Olympic Games of Tokyo
2020 revealed that some athletes could compete suffering from
depression and even being treated with anti-depressant drugs
(e.g., fluoxetine). During the course of depression treatment,
some athletes draw on nutritional supplementation with
ergogenic effects during training or competitions to improve
or maintain performance. Caffeine (1,3,7 trimethylxanthine) is
one of the most recurred nutritional supplements consumed by
athletes of different sports modalities and levels of expertise
since this substance improves performance in a myriad of
exercise modes®. Particularly, caffeine enhances muscular
strength, power and endurance performance increasing mean
and peak velocities’.

However, the interaction between anti-depressive drugs (e.g.,
fluoxetine) and nutritional supplements (e.g., caffeine) has not
been explored in the sport performance context. Therefore, this
case study aimed to examine the combined effect of fluoxetine
and caffeine administration on upper and lower-limb muscular
strength, power and endurance performances at different loads.
We hypothesized that the ergogenic effect of caffeine would be
amplified when it is co-ingested with fluoxetine by retarding
caffeine metabolization.

‘ METHODOLOGY

A full description of the experimental design and procedure has
been previously published?®.

Participant information

A female participant (aged: 25 yr; body mass: 56.7 kg, fat mass:
13.4 kg) was recruited for this investigation. The participant was
diagnosed with depression by a medical doctor who prescribed
fluoxetine (Adofen, Ferrer group, Spain) to treat this medical
illness. No other medication or drug was prescribed as part of
the pharmacotherapy treatment, and the participant did not
consume any other substance that may affect neuromuscular
performance, the metabolism or bioavailability of caffeine.
The inclusion/exclusion criteria can be found elsewhered. The
participant reported the following dietary habits: a) Protein/
CHO/Fat: 18/61/21 %, b) Caffeine intake: 90 mg/day; and
physical activity habits: a) Training experience: 3 years, b) Upper-
and lower-body training: 3 days each body part/week, c) Bench
press 1RM: 67.5 kg, d) Back squat 1RM: 117,5 kg.

Before study enrolment, all procedures, potential risks or
discomfort associated with the experiments were explained
to the participant, who then gave their written informed
consent. Ethical approval was obtained through the Ethics
Committee of Investigation and Animal Experimentation from
the University of Alcald as part of a greater investigation (CEIP/
HU/2021/1/006) in accordance with the latest version of the
Declaration of Helsinki.

Experimental design and procedure

A cross-over and randomized experimental design was used
in this case study. The detailed version of the experimental
design and procedure can be found elsewhere® Nonetheless,
we describe this section here in brief. The participant reported
to the laboratory (044.01.047.0) of the Faculty of Medicine and
Health Sciences on five separate occasions. The participant
underwent preliminary dietary and physical activity habits and
body composition assessments during visit one. Besides, this first
visit included a familiarization session where a personal trainer
evaluated bench press and back squat exercises and their one-
repetition maximum (1RM) for both exercises was obtained.

During visits two to five (Figure 1), the athlete reported to
the laboratory at the same time of day (+ 30 minutes) and
participated in four trials separated by at least 72h to allow
a complete recovery and washout period. The participant was
assigned to four conditions: a) PLA, 3 mg/kg of body mass
of placebo (maltodextrin, HSN, Granada, Spain); b) PLA+
FLU, 20 mg/day of fluoxetine (Adofen, Ferrer group, Spain);
c) CAF, 3 mg/kg of body mass of caffeine (HSN, Granada,
Spain); d) CAF+FLU. The order of the trials was randomized
(www.randomized.org). An external researcher was uncharged
with elaborating an alphanumeric code assigned to the
participant and trial beverages to blind the participant and
researchers during the trials.
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Ggure 1. Experimental procedure.

=

W

N

| 9
(W
CAF O PLA
{150 ml)
20%
7o | 1AM =
& 1RM
(¥t W-u 50% 65%
b, _is 10-15reps| 9584 1RM 1RM
e @ (Okg) 1RM .
| 5 min
Body Blood preassure MUSCULAR STRENGHT/POWER MUSCULAR Questionnaire
Composition  Questionnaire 25%: 1 setx 3 rep ENDURANCE - Side effects
- 1PAQ 50%: 1 setx 2 rep 1 set task failure - Blind
- 24h recall 75 y 90%: 1set x 1 rep 5 min recovery - POMS
- RPE 3 min recovery - SVS
- EVA-Fatigue

After 60 minutes of supplements intake, were body composition,
physical activity and dietary habits were controlled (Figure 1), the
athlete performed muscular strength and power assessment for
bench press and back squat exercise at 25%, 50%, 75% and 90%
1-repetition-maximum (1RM), followed by muscular endurance
assessment for both exercises at 65% and 85% 1RM using a
Smith machine (Multipower, Technogym, Spain) and a linear
transductor (Encoder, Chronojump Boscosystem, Italy).

‘ RESULTS

No differences in PLA, PLA+FLU, CAF or CAF+FLU were found
for body composition, dietary and physical activity habits. The
participant correctly guessed the caffeine ingestion in one of
the two trials in which this supplement was ingested. Finally,
no mood, adverse or side-effect was reported by the participant,
who completed and tolerated the tests without any other related
problems.

Muscular strength, power and endurance

Figure 2 illustrates differences in muscular strength and power
among CAF+FLU, PLA+FLU, CAF and PLA trials. In mean velocity
(Vmean), CAF+FLU reduced performance from -13 to -25%
compared to CAF and from -5 to -15% compared to PLA+FLU and
PLA trials in the bench press and back squat exercises at 75%
and 90% 1RM. While FLU administration (CAF+FLU and PLA+FLU)
showed a-6to-16% decreasein mean and peak velocity compared
to placebo and caffeine in both exercise types at 25% 1RM.

Similarly, mean power output (Wmean), CAF+FLU reduced
performance from -11 to -18% compared to CAF and from -5
to -11% compared to PLA+FLU and PLA trials in both exercises
at 75% and 90% 1RM. While, FLU administration (CAF+FLU and
PLA+FLU) showed a -8 to -21% decrease in mean and peak
power output (Wpeak) compared to placebo and caffeine in both
exercise types at 25% 1RM.

Figure 3 illustrates differences in muscular endurance among
CAF+FLU, PLA+FLU, CAF and PLA trials. In Vmean and peak
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Ggure 2. Differences in muscular strength and power at different loads in bench press and back squat exercises among experiment$

conditions.
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CAF: Caffeine; CAF+FLU: Caffeine and fluoxetine; PLA: Placebo; PLA+FLU: Placebo and fluoxetine; Vmean: Mean propulsive velocity;
Vpeak: Peak propulsive velocity; Wmean: Mean power output; Wpeak: Peak power output.
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conditions.

Ggure 3. Differences in muscular endurance at different loads in bench press and back squat exercises among experimenta?

%1RM

Bench press Back squat
A) 0.35 B8 cAr+RL .35 8 CAF+FLU
© PLA+FLU © PLA+FLU
0.304 < CAF 0.30 © CAF
- A PLA - 4 PLA
HE -
EE 025 g 0254
fE FE
0.20 0.204
0.15- 0.15-
r 1 r 1
65 85 B85 1.3
%1RM %1RM
B) 0.475 B CAFIFLY | 8 B CAF +FLU
© PLASFU © PLA+FLU
0.425- - CaF { 0,65 o cAF
. 4 PLA . ‘\—\A 4 PLA
jfé 0375 ;iﬁ 0.60
0325+ 0.55
0.275- 0.50-
r 1 I L]
[ 85 65 5
%1iRM %1RM
C) 807 8 CAF+FLU 3254 £ CAF+FLU
854 © PLA+FLU 200+ € PLA+FLU
80 -§- CAF -6~ CAF
€ A PLA < 275 A PLA
R £2
z z 250
70+
- 225+
60~ 200
) 1 ) 1
65 85 g5
Y%e1RM %1RM
D) * o’/—"° B CAF+FLU ] B CAF+FLU
© PLA+FLU 7504 o,_______.--—-———-—‘) -© PLA+FLU
1304 ——A 0 CAF o CAF
x 4 PLA = 7004 A PLA
i2 101 B, e
] r,;ij .. —
110 el n‘.:‘_:‘_'““:ﬂ
100~ 550
s 8 65 13

N

/

CAF: Caffeine; CAF+FLU: Caffeine and fluoxetine; PLA: Placebo; PLA+FLU: Placebo and fluoxetine; Vmean: Mean propulsive velocity;

Vpeak: Peak propulsive velocity; Wmean: Mean power output; Wpeak: Peak power output.
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propulsive velocity (Vpeak), FLU administration (CAF+FLU and
PLA+FLU) showed a -4 to -18% decrease compared to placebo
and caffeine in both exercise types at 65% 1RM. While at 85%,
CAF+FLU reduced Vmean and Vpeak performance from -17 to
-27% compared to CAF and from -7 to -18% compared to PLA+FLU
and PLA trials in both exercises.

Similarly, in Wmean and Wpeak, FLU administration (CAF+FLU
and PLA+FLU) showed a -7 to -20% compared to placebo and
caffeine at 65% 1RM. While, at 85% 1RM, CAF+FLU reduced
Wmean and Wpeak performance from -17 to -27% compared to
CAF and from -8 to -18% compared to PLA+FLU and PLA trials in
both exercises.

‘ DISCUSSION

The purpose of this case study was to evaluate the combined
effect of fluoxetine and caffeine administration on upper
and lower-limb muscular strength, power and endurance
performance at different loads. In muscular strength and power
tests, co-ingestion of caffeine and fluoxetine reduced mean
velocity and power output at 75% and 90% 1RM performance in
both bench press and squat exercises. While FLU administration
reduced performance at peak velocity and mean and peak power
output at 25% 1RM. Besides, in muscular endurance, fluoxetine
administration reduced mean and peak velocity and power
output at 65% 1RM, while at 85% 1RM, co-ingestion of caffeine
and fluoxetine reduced performance compared to the remaining
three trials.

In contrast to what was hypothesized, these results suggest that
co-ingestion of caffeine and fluoxetine mitigates the ergogenic
effect of caffeine and reduces performance compared to placebo
and fluoxetine conditions, particularly at high-load (>75%
1RM). Caffeine is metabolized by the cytochrome P450 (CYP1)
family enzymes in the liver®, whereas fluoxetine inhibits these
enzymes'®. Some studies carried out in animal models support
this idea, finding no statistically significant increase in caffeine
concentrationwhen fluoxetine +salinewas compared to fluoxetine
+ caffeine intake (404 vs 435 ng/mL) and also an enhanced
the antidepressant-like activity of fluoxetine®. Altogether, the
capacity of fluoxetine to inhibit cytochrome P450 (CYP1) family
enzymes'® and the no statistically significant increase in caffeine
concentration after fluoxetine administration found in animal
models, it may indicate that in humans, fluoxetine ingestion
could prolong caffeine bioavailability in blood, and potentially
enhancing the ergogenic effect of this nutritional supplement.
Nevertheless, the pharmacokinetic interaction of caffeine
and fluoxetine seems to cause a toxic effect'?, and in this case

study, it was found that the ingestion of caffeine and fluoxetine
reduced muscular strength power and endurance performance.
Thus, the interaction of both drugs could potentially provoking a
central effect that reduces muscular velocity and power output,
particularly when the exercise requires the mobilization of high-
loads. However, future experimental studies are required to
explore this idea.

This investigation presents two major limitations that must be
acknowledged. Firstly, the study design. As a case study with a
limited sample size (N=1), the results cannot be extrapolated
to the entire population of patients under fluoxetine treatment.
Secondly, caffeine and fluoxetine presence in blood have not been
measured. This information would provide more information
about the potential interaction between these substances.

‘ CONCLUSIONS

In this case study, the administration of fluoxetine in a female
recreationally-trained participant impaired the ergogenic effect
caused by 3 mg/kg of caffeine on muscular strength, power, and
endurance performance. Although further experimental studies
are needed to explore the interaction between caffeine and
fluoxetine, these results may indicate that athletes diagnosed
with depression on fluoxetine treatment should be careful
when using caffeine as a nutritional supplement to improve
performance.
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) Assessment of the glycemic index in a white bread enriched with fermented cassava dough
using Lactobacillus plantarum in apparently healthy volunteers

Introduction: The substitution of wheat flour with cassava flour has resulted in high glycemic indices
or products with low quality, while limited research on substitution with fermented dough has shown
improved quality. Therefore, the aim of this research was to evaluate the In vivo glycemic index of a baked

Glycemic Index, product supplemented with cassava dough fermented with lactic acid bacteria.

Cassava flour; Methodology: Twenty-eight young adult students both genders participated, of whom 15 met the stipulated
standards. Overall and by gender, the glycemic index of bread enriched to 20% with fermented cassava

S dough with glucose as standard was determined by capillary glycemia.

Fermentation. Results: There was a significant difference in the glycemic curve of bread against the standard. An average
glycemic index of 40+6.33 was obtained, classifying it as “Low”, showing a different index between genders
of 52+8.21 in men and 3616.96 in women with no significant difference.

Conclusions: The use of fermented cassava dough as a partial substitution in wheat-based baked products
is favorable for obtaining products with a lower glycemic index.
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) Determinacién del indice glucémico en pan blanco enriquecido con masa de yuca fermentada con Lactobacilus

plantarum en voluntarios aparentemente saludables

RESUMEN

Introduccién: La sustitucién de harina de trigo por harina de yuca ha resultado en indices glicémicos altos
o productos con baja calidad, mientras que las limitadas investigaciones de sustituciéon con masa fermen-
tada muestran una mejor calidad, por lo que el objetivo de esta investigacion fue evaluar in vivo el indice
glicémico de un producto horneado adicionado con masa de yuca fermentada con bacterias dcido-ldcticas.

Metodologia: Participaron 28 estudiantes adultos jévenes de ambos sexos de los cuales se aceptaron 15
bajo los estandares estipulados. En conjunto y por género, se determind por glicemia capilar el indice glicé-
mico de un pan enriquecido al 20% con masa fermentada de yuca con glucosa como estandar.

Resultados: Se present6 diferencia significativa en la curva glicémica del pan contra el estandar. Se obtuvo
40+6,33 de indice glicémico promedio en el pan clasificdndolo como “Bajo”, mostrando un indice muy dife-
rente entre el género de 528,21 en hombres y 36+6,96 en mujeres sin diferencia significativa.

Conclusiones: El empleo de masa fermentada de harina de yuca como sustituciéon parcial en producto
horneado a base de trigo es favorable en la obtencién de productos con menor indice glicémico.

Financiacion: Esta investigacién fue financiada como parte del programa de becas CONACYT en conjunto
con la Universidad Auténoma de Coahuila Facultad de Ciencias Quimicas, Departamento de Investigacion
de Alimentos, Functional Foods & Nutrition, con nimero de beca 1082548. Asi como el Departamento de
Ciencia y Tecnologia en Alimentos, Universidad Auténoma Agraria Antonio Narro.

1. White bread with a 20% substitution of cassava flour fermented dough has a higher protein
and lipid content, as well as a lower amount of carbohydrates in its nutritional composition
than commercial bread.

2. The glycemic index of the white bread in the study on average is classified as low.

3. Although the classification of the index is maintained when analyzed by gender, variations
occur, showing higher values in men than in women.

3. The use of sourdough based on cassava flour as a substitute is favorable for achieving a low
glycemic index.

Martinez RM, Cruz M, Loredo-Trevino A, Martinez-Hernandez JL, Garza A, Belmares R. Assessment of the glycemic index
in a white bread enriched with fermented cassava dough using Lactobacillus plantarumin apparently healthy volunteers.
Rev Esp Nutr Hum Diet. 2024; 28(2): 93-101.
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‘ INTRODUCTION

The glycemic index (Gl) is defined as the comparison of the area
under the glycemic response curve following the ingestion of a
single food. The higher this index, the greater the ease and speed
with which glucose from the food is digested and absorbed.
Literature reveals that the consumption of low-GI foods provides
health benefits; therefore, researchers seek to modify the Gl of
staple foods arround the world, with bread being one of the most
significant staple foods*=.

Bread is the most consumed cereal-based food worldwide,
typically made from wheat flour (WF) with a Gl ranging from
moderate to high. However, the approach has emerged to use
non-traditional flour sources that are resilient to changing
climate conditions, are more cost-effective, and contribute to
enhancing food security for the population. One such example is
the use of cassava tubers®*.

Cassava or Manihot, is a high-yielding drought-resistant crop
considered a staple food as it serves as a subsistence crop. Its use
in the form of cassava flour (CF) has garnered interest due to its
excellent stability, extraordinary thickening capacity, and lower
retrogradation and gelatinization indices. Previously, the use of
CF has been described as a partial substitute for baked products
based on WF, Okafor et al. in 2018, and its evaluation of Gl in
bar-type breads with different levels of substitution resulted in
a Gl range of 91-94, which is higher than the average. However,
a viable approach related to reducing the Gl and improving the
properties of baked products is the fermentation of the dough®.

Fermentation of dough provides several benefits, including
improvement in the aroma, flavor, texture, shelf life, an increase
in short-chain essential fatty acids (SCFA) and a reduction in Gl in
the baked product®®. The use of non-traditional flour sources as
a base in obtaining fermented dough as a partial substitute for
recipes using WF can be encouraging for the innovation of staple
products, making use of accessible and cost-effective crops.
Therefore, the objective of this research was to evaluate the Gl of
a white bread with partial substitution of 20% CF sourdough to
classify its impact on apparently healthy volunteers.

‘ METHODOLOGY

This project underwent review by the institutional scientific ethics
committee for scientific development at the Faculty of Chemical
Sciences, Universidad Auténoma de Coahuila, and was approved
under registration number TDCYTA-20-10-22-1. All volunteers

were informed of the protocol orally and through a printed
informed consent in compliance with the Sanitary Control of
Products and Services Regulation, the General Health Law
Regulation on Health Research®?, as well as I1SO 26642:2012%3
pertaining to the protocol for determining the GI. This research
employed a quantitative, non-experimental, and cross-sectional
descriptive design.

Baked product

The food under study was a white bread with a 20% substitution
of cassava fermented dough (CFD) fermented for 32 hours at
36 °C with Lactobacillus plantarum, which was obtained from
the reservoir of microorganisms belonging to the Research
Department of Food. The bread was obtained under a standard
recipe (WF: 320 g, CFD: 80 g, milk: 250 mL, sugar: 15 g, salt: 7 g,
unsalted butter: 50 g, instant dry yeast: 12 g) with three kneading
cycles, including a 30-minutes rest period between kneading
cycles to stimulate autolysis. Subsequently, a nutritional analysis
was conducted to determine its bromatological profile: Moisture,
ash content, fat content (Soxhlet), protein content (Kjeldahl/
conversion factor 6.25), crude fiber content was determined
according to the AOAC methods?; total carbohydrate content
was determined by difference and Total Sugar Content by Phenol-
Sulfuric Acid method described by DuBois®>.

Volunteers

Due to the variability of Gl influenced by several factors, of a
total of 25 apparently healthy volunteers from the Universidad
Auténoma de Coahuila, aged between 20 and 40 years, who
participated in this study, only 18 volunteers were selected
based on the acquisition and analysis of ABCD data shown
in Figure 1. A SD Lipid Care® Analyzer (Brand: SD Biosensor,
INC, Elaborado: Kana Undesa S.A. de C.V., México) was used to
measure HDL cholesterol, LDL cholesterol, total cholesterol, total
triglycerides, and capillary blood glucose levels. Following this, a
brief questionnaire about lifestyle changes and physical activity
was applied and a 2000 kcal dietary plan was implemented for
five days to standardize carbohydrate consumption before the
test. On three separate occasions, volunteers were requested to
fast for 6-8 hours before each analysis.

Gl evaluation

Following the protocol specified by FAO/WHO and [1SO*16,
capillary blood samples were taken to obtain glucose levels at
0, 15, 30, 45, 60, 90, and 120 minutes after the consumption
of the standard and white bread-cassava. Due to the variations
that commercial white bread may have in its nutritional content
(raw material and processes), a valued and and stable oral
glucose tolerance solution was selected to determine glucose
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Ggure 1. Data ABCD collected for volunteer selection.

Weight
Size
BMI

Circumference:

Hip and waist
%Fat
%Muscle

Fig. 1
B D data collected

Anthropometric

Age

Gender

Standard:
20-40 years old

Food Time
Water consumption
Hours of sleep
Food Frequency

Meal plan

Standardization of
carbohydrate
consumption

Biochemists

Normal BMI (WHO, 2021)

Normal ICC (Hernandez-Rodriguez)

Cholesterol y triglycerides (NOM-037)
Glucose (NOM-015)

Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Glucose

Personal
medical history

Family medical
history

Standard: no personal
medical history

Carbohydrates: 50%
Protein: 20%

Lipid: 30%
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tolerance (Brand: Glucox, Manufactured: Materiales y Abastos
Especializados S.A. de C.V., Mexico). The Gl was obtained using
Equation [1]:

JAUC bread

% = ——— *100
IAUC glucose

Eq [1]

Where:
IAUC= Incremental area under the blood glucose response curve.

Statistical analysis

The data obtained from the accepted volunteers for this study
was divided into females (F), males (M), and total data (T) to
conduct a more in-depth analysis of the collected data. All
results are reported as mean values with standard deviation. To
determine significant differences (p<0.05), a means comparison
was performed using the Tukey test at 95% confidence interval.

‘ RESULTS

Enough white bread was made to use the same batch in all
analyses. The nutritional composition of white bread with
fermented cassava dough (mentioned as withe bread-cassava
in the following) are presented in Table 1, where a very different
profile is observed from its commercial version (Protein: 8.2
g/100 g, Lipid: 3 g/100 g and Carbohydrates: 50.4 g/100 g¥).
Continuing with the analysis of glycemic index, the average
age in this study was 27 years, with a predominance of female
participants.

/Table 1. Nutritional composition (meantstandard deviation)\

of white bread-cassava.
g/100g
Moisture 3178:097
. ............... 52&071 ................
tpids 1038:002
Protein 1517405
o O T 01110007 ..............
Total ca"f[)ohydrate; """""""""""""""""" 37341086 ............

Anthropometric results, in general, indicate a normal BMI
(23.96+3.26 kg/m?). However, M (25.22+3.51 kg/m?) showed
slightly abnormal values compared to F (23.61+3.23 kg/m?),
primarily due to the average muscle percentage (F: 25.57+2.74%,
M: 33.03+£5.49%, T: 27.23+4.61%). Likewise, the waist-to-hip ratio
(WHR) values fall within the normal range (0.78+0.06). On the
other hand, the biochemical results are presented in Table
2, with values within the established standards. These data
provide an overview of the volunteers’ health status, classifying
them as healty and fit for this study.

Clinical and Dietary data reveal interesting insights. In the
Personal medical history aspect, it is observed that 67% of
the volunteers had experienced COVID-19, and 83% of them
changed their habits due to the pandemic. In the Familiar
medical history, 72% of the volunteers have family members
with type 2 diabetes, 67% hypertension, 39% some type of
cancer and 22% hypothyroidism. On the Dietary data, meal
timings are quite similar (T: 3+1), and water intake is deficient
(T: 1.8 L). In terms of sleep duration, F (8+1.4) sleep 2 hours
more on average than M (6+0.5), categorizing them differently
in terms of sleep patterns?® The Food frequency reported by the
volunteers shows high consumption of both recommended and
non-recommended foods according to the ENSANUT CONTINUA
2022 classification. The ABCD data collected and displayed
encompass 18 volunteers who passed the biochemical phase
and, therefore, had their data included in this part of the study’s
statistics.

Primarily, Figure 2 shows the increase in glycemia caused by
glucose and white bread-cassava. This phase includes the final
group of 15 volunteers who met the requirements on the days
of the Gl analysis. Each volunteer received a portion 0f133.9+0.4
g of bread for the curve. We observed a lower increase in glucose
with bread, with a much more prolonged and sustained decline,
staying below reference values with glucose.

On the other hand, glucose exhibited an intermediate peak that
gradually decreased, showing a significant difference from 30
to 60 minutes and again at 120 minutes. On average, a Gl of 40
was obtained, classifying it as low, as shown in Table 3.

‘ DISCUSSION

The volunteers present an adequate nutritional status, with
a high prevalence of diseases in their family medical history
and significant changes in their habits, including decreased
physical activity and irregular sleep patterns. According to
food frequency, the duality presented by the young individuals
in their efforts to maintain a healthy lifestyle through good
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Table 2. Biochemical data (mean#standard deviation) related to the previous health status of the volunteers.

o

mg/dL Female Male Total
Triglycerides 90.7£51.6 - 127.8439.3 98.9+50.6
Total cholesterol 1474313 144.8434.8 146.5+31.1
:;‘::hemi‘a' LDL cholesterol 86.3+29 794392 84.6+30.4
HDL cholesterol 42.3+84 40.3+8.2 41.848.2
Glucose 88.416.6 93+6.4 89.446.7

-/

nutrition and the ease of obtaining ready-to-eat products that
provide convenience and comfort are part of the new normal.
Overall, the withe bread-cassava is in the Low Gl classification
and this classification remains consistent when separating
them by gender, despite variations that may be attributable to
various factors, both modifiable and non-modifiable.

Fang et al, 2023, mentions that flour fermentation in
general, reduces the Gl of bread derived from the production
of organic acids and from the important reduction in the
digestibility of native starch, also explains that wheat breads
with sourdough have low Gl, and also mentions that sourdough
type Il (dough fermented with a starter culture) has advantages

/Figure 2. Glycemic response following the ingestion of oral glucose and white bread-cassava. \
200 — [ white bread-cassava
.Glucose
d a
150 —
a 2@ b
= b
o
S~ —
o
E
) a
w
o
S 100 — a
=)
=
A
%_ —
(]
v
50 —
o —
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\ Time (min) J
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/Table 3. Gl of withe bread-cassava. \

Male 4 52+8.21° Low
Female 11 36+6.96 ° Low
Total 15 40+6.33° Low

1Gl High: 270; Gl Medium: 56 a 69; IG Low: <55.
Data are expressed as meantstandard deviation.

lelvalues with different letters within the same column
are significantly different (p<0.05).

such as better control of fermentation parameters and better
nutritional properties. Garrido-Galand et al., 2021%, concluded
that fermenting legume flour enhances techno-functional
properties, while fermenting cereal flour increase antioxidant
properties. Dough fermentation endows desirable nutritional
andrheological properties to baked products, notable properties
in cassava-white bread.

Oyeyinka et al, 2020%, mentioned that fermentation in cassava
is used to improve its functionality, being acid-lactic bacteria
responsible for these processes. Longoria et al., 20203, conducted
a study using cassava dough fermented with L. casei, concluding
that fermentation in short periods improves the rheological
properties of non-traditional flour-based products. Penido et
al, 20182, concluded that in spontaneous fermentations with
bitter cassava, acid-lactic bacteria prevail throughout the
process, being L. plantarum one of the species present and with
better performance as starter culture. For this reason, selecting
L. plantarum, a positive change in the composition of the bread
was expected and this is demonstrated in its nutritional profile,
very different from traditional white bread.

Is evident that the quality and quantity of carbohydrates in
the food are crucial in determining the Gl. Additionally, the
interactions that starch has with other components affect its
availability. Luhovyy et al., 2022%, explain that 7 to 10 grams
of protein are required to observe a hypoglycemic effect,
of course it depends on the type of protein and the overall
composition of the food. Additionally, starch can interact with
lipids, phytochemicals, proteins, and hydrocolloids, and these
mechanisms can interfere with starch metabolism, reducing its
availability?-2.

The bread in this project exhibited good rheological properties
and a nutritional profile different from the traditional one but
with a favorable GIl. The bread in this project exhibited good

rheological properties and a nutritional profile different from
the traditional type but with a favorable GI. These attributes
can be attributed to the recipe, the bread-making process,
and the addition of fermented cassava dought, which is mainly
responsible for the significant increase in protein content and
the reduction of total carbohydrates. Okaford et al, 20175,
stipulated that the addition of CF to the standard WF white
bread recipe produces a high Gl, however, in this study it was
demonstrated that a previous fermentation with one of the
naturally predominant BAL of CF, modifies its nutritional profile
due to the decrease of free sugar content, increase of organic
acids and reduction of starch digestibility°.

The white bread-cassava, both on average and by gender, is in
the classification of low glycemic index, however, although there
is no significant difference between them, the difference between
the genders is remarkable. After the beginning of the strategy
for an adequate reopening of activities of social, educational and
economic nature called “The new normality”; the changes and
new norms that it brought with it modified the social psyche
because according to the National Epidemiologic Risk Symphor,
the activities were or were not allowed?. In general, the factors
with which the individual interacts have repercussions on the
habits and therefore on the state of health in general, which
includes metabolism.

Jarvis et al,, 2023%, decree that experiencing consecutive spikes
in glucose levels leads to increased hunger sensations as well
as lower mental health and sleep quality. Sleep is one of these
factors and is crucial in regulating the endocrine and metabolic
systems. Mohammadi et al., 2021%, concluded that the duration
of sleep does not directly interfere with the GI, however, they
found a positive relationship between glycemic load and longer
sleep duration. Ayer et al., 2022%, conducted a study on adults in
Brazil and found that more than half of the population modified
the number of meals they consumed, of which 1/3 increased the
number of meals. Additionally, the same pattern of increase in
recommended and non-recommended food was presented, with
a particular rise in the consumption of leafy green vegetables and
bakery products. It is interesting to observe the current habits,
as although they may be non-specific, they do show a certain
relationship with the Gl.

‘ CONCLUSIONS

The addition of cassava fermented dough to the standard
formulation of a traditional wheat flour white bread decreases
the average Gl, making it favorable to use fermented dough as a
partial or total replacement of a bread with a lower GI.
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) The effect of eight-week nutrition education on nutrition knowledge, nutrition literacy, and Mediterranean diet
in Turkish adolescents

Introduction: Adolescence, when nutritional decisions are mostly made individually, is a critical period in

which eating habits are orientable. This study aims to evaluate the effectiveness of nutrition education on

nutrition knowledge, nutrition literacy, and the Mediterranean diet in Turkish adolescents in the first year
KIDMed; of high school.

Mediterranean Diet; Methodology: This study was conducted in 47 students aged 14-16 at a high school in Ankara, Tiirkiye.
Experimental design with pretest-posttest was used. The students were educated for eight weeks after the

Nutrition Education; pretest administration. Posttests were administered after the eight-weeks intervention. Follow-up tests

Nutrition Knowledge; were administered in the sixteenth week, eight weeks after the administration of the subsequent tests.
- ‘ The Mediterranean Diet Quality Index for Children and Adolescents (KIDMed), Adolescent Nutrition Literacy
Nutrition Literacy. Scale (ANSL), and self-assessment of nutrition knowledge were compared at 3-time points: pre-education,

post-education, and follow-up. All the forms were used in paper format in a class setting during regular
school instruction time.

Results: Most of those who self-assessed their pre-education nutrition knowledge as insufficient/did not
know evaluated their post-education (57.1%; p=0.027) and follow-up (50%; p=0.013) nutrition knowledge
as sufficient. However, there was no significant difference between pre-education ANSL item scores and
post-education and follow-up (p>0.05). None of the KIDMed items showed a significant change in the
desired direction (showing healthier nutrition), either (p>0.05). Among the KIDMed items, only the change
(in the negative direction) for “Has cereals or grains for breakfast” was statistically significant (p=0.044 for
pre-post and p=0.010 for pre-follow-up test differences).

Conclusions: Nutrition intervention improved adolescents’ self-reported nutrition knowledge. However,
it was insufficient to improve nutrition literacy and the Mediterranean diet. When planning dietary
interventions to improve adolescents’ diet or eating behaviors, it is suggested to consider individual factors
related to adolescents, as well as internet and social media fields and the school/home food environment.
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) El efecto de la educacion nutricional de ocho semanas sobre el conocimiento nutricional, la alfabetizaciéon

nutricional y la dieta mediterranea en adolescentes turcos

RESUMEN

Introduccién: La adolescencia, cuando las decisiones nutricionales se toman mayoritariamente de forma
individual, es un periodo critico en el que los hdbitos alimentarios son orientables. Este estudio tiene como
objetivo evaluar la eficacia de la educacién nutricional sobre el conocimiento nutricional, la alfabetizacion
nutricional y la dieta mediterrdnea en adolescentes turcos en el primer afio de escuela secundaria.

Metodologia: Este estudio se realizd en 47 estudiantes de entre 14 y 16 afios de una escuela secundaria en
Ankara, Tlrkiye. Se utilizé un disefio experimental con pretest-postest. Los estudiantes recibieron educa-
cion durante ocho semanas después de la administracién de la prueba previa. Se administraron pruebas
posteriores después de la intervencién de ocho semanas. Las pruebas de seguimiento se administraron en
la semana dieciséis, ocho semanas después de la administracién de las pruebas posteriores. El indice de
Calidad de la Dieta Mediterranea para Nifios y Adolescentes (KIDMed), la Escala de Alfabetizacién Nutri-
cional de Adolescentes (ANSL) y la autoevaluacién de conocimientos nutricionales se compararon en tres
momentos: preeducacién, posteducacién y seguimiento. Todos los formularios se utilizaron en formato
papel en un entorno de clase durante el horario regular de instruccién escolar.

Resultados: La mayoria de los que autoevaluaron sus conocimientos nutricionales previos a la educacién
como insuficientes/no sabian evaluaron sus conocimientos nutricionales posteducacion (57,1%, p=0,027)
y de seguimiento (50%; p=0,013) como suficientes. Sin embargo, no hubo diferencias significativas entre
las puntuaciones de los items ANSL antes de la educacién y |as posteriores a la educacién y el sequimiento
(p>0,05). Ninguno de los items de KIDMed mostré tampoco un cambio significativo en la direccién deseada
(mostrando una nutricién mas saludable) (p>0,05). Entre los items de KIDMed, sélo el cambio (en la direc-
cién negativa) para “Tiene cereales o granos para el desayuno” fue estadisticamente significativo (p=0,044
para las diferencias en las pruebas pre-post y p=0,010 para las diferencias pre-seguimiento).
Conclusiones: La intervencién nutricional mejoré el conocimiento nutricional autoinformado por los ado-
lescentes. Sin embargo, fue insuficiente para mejorar la alfabetizacién nutricional y la dieta mediterrdnea.
Al planificar intervenciones dietéticas para mejorar la dieta o las conductas alimentarias de los adolescen-
tes, se sugiere considerar factores individuales relacionados con los adolescentes, asi como los campos de
Internet y las redes sociales y el entorno alimentario de la escuela y el hogar.

1. Adolescents’ having the knowledge and experience required for healthy food selection helps
the development of healthy eating habits, and this helps prevent many chronic diseases,
e.g., obesity.

2. Nutrition education intervention may help improve adolescents’ self-evaluation of nutrition
knowledge. However, it is not sufficient to improve nutrition literacy and the Mediterranean
diet.

3. When planning dietary interventions to improve adolescents’ diet or eating behaviors, it
is suggested to consider individual factors related to adolescents, as well as internet and
social media fields and the school/home food environment.

Unal G, Ucar A. The effect of eight-week nutrition education on nutrition knowledge, nutrition literacy, and Mediterranean
diet in Turkish adolescents. Rev Esp Nutr Hum Diet. 2024; 28(2): 102-11.
doi: https://doi.org/10.14306/renhyd.28.2.2071
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‘ INTRODUCTION

Adolescence, when nutritional decisions are often made
individually, is a critical period in which eating habits can be
directed®. Along with ongoing unhealthy eating, weight gain is
reported to start early in high school?. Failure to take preventive
measures may lead to the emergence of diseases (such as obesity
and obesity-related diseases) that negatively affect lifelong
health®. Adolescents’ friends and the food environment at
school are known to be essential factors in their food selection®.
In a food environment where healthy and unhealthy foods are
available, adolescents should have sufficient knowledge about
nutrition to make the right choices®.

Adolescents’ having the knowledge and experience required for
healthy food selection helps the development of healthy eating
habits, and this helps prevent many chronic diseases, e.g.,
obesity5’. Nutrition literacy, which emphasizes the importance
of skills and capacity related to nutrition as well as food and
nutrition knowledge, is effective in making conscious food
choices and improving adolescent dietary behaviors®™,

The Mediterranean diet is recommended for adolescents,
especially in Mediterranean countries, to provide healthy body
weight and a better metabolic profile, and to reduce the risk of
cardiovascular disease with its antioxidant content*3, Nutrition
education is an effective way to improve Mediterranean diet
quality in adolescents!. However, the impact of nutrition
education aimed at improving nutrition knowledge and literacy
on adherence to the Mediterranean diet in adolescents still
needs to be investigated.

This study aims to evaluate the effectiveness of nutrition
education intervention, based on National Dietary Guidelines
compatible with the Mediterranean diet and its principles, on
nutrition knowledge, nutrition literacy, and the Mediterranean
diet in Turkish adolescents in the first year of high school.

‘ METHODOLOGY

Setting

This study was conducted in a high school affiliated with the
Ministry of Education between October 2019 and March 2020
in Ankara, Tlrkiye. A research permit was obtained from the
Ankara Provincial Directorate of National Education dated
02/27/2019. Ethics committee approval was obtained from
the Ethics Committee of Ankara University, dated 06/18/2019,

numbered 14/225. The study was based on volunteerism, and
the students were included after giving informed consent.
In addition, approval was obtained from the families of the
students.

Participants

The sample of the study consisted of ninth-grade students.
Considering the effect of socioeconomic level on nutrition
knowledge, students with mid-socioeconomic levels were
selected for the sample. Ninth-grade students were chosen as
the intervention group because they were at the beginning of
adolescence when their eating habits changed, and they started
to make their own food choices. All the school’s ninth-graders
(N=97) were chosen as the intervention group, considering
dropouts from the study (the concern that the sample size
needed to be met at the end of the study). In addition, ninth-
grade students had courses in their curriculum that were
suitable for providing them with regular nutrition education. In
the end, 47 students completed the study.

Procedure

Pretest-posttest was used. In the beginning, the gender and age
information of the students were recorded, and the educational
status of the parents was questioned.

The students were educated for eight weeks after the pretest
administration. Posttests were administered after eight weeks
after the intervention. The follow-up tests were administered
at the sixteenth week, eight weeks after administration of the
posttests,

Mediterranean Diet Quality Index for Children and Adolescents
(KIDMed), Adolescent Nutrition Literacy Scale, and self-
assessment of nutrition knowledge were compared at 3-time
points: pretest (pre-education), posttest (post-education), and
follow-up. All the forms were used in paper format in a class
setting during regular school instruction time.

Intervention

The present nutrition intervention was based on social cognitive
theory and employed a pre/posttest design. The duration of the
education in the study was programmed to be a one-course hour
per week for eight weeks. Each week, a PowerPoint presentation
prepared on that topic was held. The intervention process was
supported by brochures. At the end of each education session,
students were given brochures summarizing the education
provided. During and after the education sessions, the students
were encouraged to ask questions about the subject to continue
the education interactively. While preparing educational
presentations and brochures, the information in the Tirkiye
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Dietary Guideline and principles of the Mediterranean diet was
taken as a basis®. Nutrition education sessions was provided by
a nutritionist.

The subject titles were grouped under eight headings: (1)
Adequate and Balanced Nutrition: To comprehend the
importance of healthy nutrition, to be aware of the consequences
of unhealthy nutrition, and to comprehend regular meal
consumption. (2) Macronutrients: To learn the foods containing
carbohydrates, protein, and fat and the beneficial and harmful
nutritional sources of these nutrients. (3) Micronutrients and
water: To learn the foods containing vitamins and minerals
and diseases that may occur in their absence. (4) Food Groups:
To the knowledge of food groups, their nutrient contents, and
foods that can be consumed interchangeably from the same
food group (such as eating eggs instead of meat if meat is
unavailable). (5) Adolescent nutrition: To know the importance
of adolescent nutrition in terms of its effects on the whole
life process. (6) Nutritional needs of adolescents: To inform
adolescents about how much they should consume daily from
each food group and the portions of the foods they need to
consume to meet their needs. (7) Food safety and reading the
nutrition label: To get information about the key points to be
considered while purchasing, storing, cooking, and consuming
food, the information on the food label, and how this information
should be interpreted. (8) Consequences of unhealthy diet: To
understand that nutrition is essential for all ages and health
problems (such as obesity, anemia, and dental caries) that may
occur when consuming unhealthy foods (such as fast food and
junk food).

These topics prepared concerning the Turkiye Dietary Guidelines
are also compatible with the principles of the Mediterranean
diet. When adolescents consume sufficient amounts of food
from each food group, as explained in the fourth, fifth, and sixth
chapters, they also meet the recommended food amounts in
line with the Mediterranean diet. The importance of using olive
oil, which is also a part of the Mediterranean diet, is explained
in line with the recommendations of the Tirkiye Dietary
Guidelines. In addition, the harms of fast food, pastry, sweets,
and sugar consumption, which are recommended to be reduced
within the scope of the Mediterranean diet, are explained
in the eighth topic. Moreover, the importance of breakfast is
described in the first topic within the scope of Mediterranean
diet recommendations for children. The topics were determined
to complement each other and support the general nutrition
knowledge of the adolescent.

Essential information was given to increase nutrition literacy
for students to understand better what was explained during
nutrition education sessions and in the period after these
sessions. For example, the basic terms of nutrition (nutrient,
food groups, carbohydrate, protein, fat, antioxidant, etc) were

explained under each relevant topic so that they could understand
information about nutrition, food, and diet. Also, they were
informed about where to access accurate and reliable sources
about nutrition. Information was given on the recommendations
of international organizations regarding nutrition and related
topics (for example, vegetable and fruit consumption and physical
activity recommendations of the World Health Organization). The
acquisition of nutrition literacy aimed to motivate students to
learn more about nutrition topics later in life and provide the
skills, knowledge, and confidence for this.

Thus, the basis of the study was to develop students’ basic
nutritional knowledge and to make them understand the effects
of foods on health and to use this information for their own food
choices. The study was designed with the theory that nutrition-
related behaviors that are beneficial and harmful to health will
be adopted by students through education, so that students will
increase their knowledge of healthy nutrition and reflect this
knowledge in their behavior.

Instruments

Diet quality was measured using the Mediterranean diet Quality
Index for Children and Adolescents (KIDMed), developed by
Serra Majem et al. (2004)* to determine compliance with the
Mediterranean diet in children and adolescents. It is a special
version of the Mediterranean Diet Quality Index for youth,
so “KID” is in front of the acronym. Because Turkiye is a
Mediterranean country, and Mediterranean-style eating habits
are in many ways parallel to recommendations in the Tiirkiye
Dietary Guidelines, the Mediterranean Diet Quality Index is
preferred in this study. In KIDMed, which has 16 questions, each
is answered “Yes” or “No”, there are 12 questions about eating
habits following the Mediterranean diet and four questions
not following the Mediterranean diet. Questions following the
diet were given +1 point if the answer was “Yes” questions not
following the diet were given -1 point if the answer was “Yes”
and O points when the questions were answered no?¢,

The Adolescent Nutrition Literacy Scale (ANLS) was used
to determine nutrition literacy. The scale was developed by
Ndahura” and validated in Turkish by Tirkmen et al*® It is a
Likert-type scale of 22 items. For the answers to be given to the
items in the scale, there are five options: “I do not agree at all”,
“I'do not agree”, “l am undecided”, “l agree”, and “l completely
agree”, and each option is scored from 1 to 5, respectively. Ten
items are scored in reverse on the scale®®.

Students were asked to evaluate their nutrition knowledge in 3
categories: insufficient, sufficient, and did not know.

Data analysis was performed in the Statistical Package for the
Social Sciences (SPSS) program. Descriptive statistics were
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shown as median and lower-upper values, and categorical data
as numbers and percentages. For continuous data, the Paired-
sample T-test, and for categorical data, the Mc-Nemar test was
used to compare pretests with posttests and follow-up tests.
The results were evaluated at a 95% confidence interval, and
the significance level was p<0.05.

‘ RESULTS

Atotal of 47 students aged 14-16 participated in the study. Most
students were male. Parents’ education level was high school
or higher for most of the students. Most students were in the
normal BMI class (Table 1).

The students were asked to self-assess the level of nutrition
knowledge pre-, post-, and follow-up education, and the
results were presented in Table 2. Accordingly, most of those
who evaluated their pre-education nutrition knowledge as
insufficient/do not know (n=28) assessed their post-education
knowledge as sufficient (57.1%). For follow-up, this rate dropped
to the level of 50%. Compared to pre-education (pretest), the
difference between post-education (posttest) and follow-up

/Table 1. Descriptive information. \

Gender, n (%)

Female

High school or higher

Secondary school and below

*BMI classification, n (%)

Severe thin

*BMI: Body Mass Index.

rates was statistically significant (p<0.05). Nutrition education
was effective in changing the nutrition knowledge of students
who evaluated their nutrition knowledge as insufficient/do not
know, in a positive way according to their self-evaluations.

Differences between pre-education ANSL item scores with post-
education and follow-up were displayed in Table 3. Each items
were scored from 1 (I do not agree at all) to 5 (I completely
agree) in ANLS. Therefore, the differences between the pretest
and posttest and the pretest and follow-up test were expected to
show a positive change for regular items and a negative change
for reverse items (marked with * in the table). The study’s results
showed that, of the 12 regular items, the scores obtained in five
items between pretest/posttests and four between pre-follow-
up tests showed a change in the intended direction (positive).
Meanwhile, of the ten reversed items, the scores obtained in
four items between pretest/posttests and five between pre-
follow-up tests showed a change in the intended direction
(negative). However, it was determined that these changes were
not significant for any of the items (p>0.05).

The primary result of this study was that there was no change
in eating behavior. As displayed in Table 4, when considered in
terms of the items in KIDMed where healthy eating habits were
stated and positive changes were expected, of the 12 regular
items, the scores obtained in 4 items between pretest/posttests
and six between pre-follow-up tests showed a change in the
intended direction (positive). Of the four reversed items, the
scores obtained in two items between pretest/posttests and all
between pre-follow-up tests showed a change in the intended
direction (negative). Yet, among these items, only the change
(in the negative direction) for the item “Has cereals or grains
(bread, etc.) for breakfast” was statistically significant (p=0.044
for the difference between pretest/posttests and p=0.010 for
the difference between pre-follow up tests).

‘ DISCUSSION

This nutrition education study was effective in changing the
nutrition knowledge of students in a positive way according to
their self-evaluations. However, it was ineffective in improving
nutrition literacy and the Mediterranean diet.

This study aims to evaluate the effect of nutrition education
intervention, on the Mediterranean diet while examining the
effect on nutrition knowledge and nutrition literacy, with this to
prevent or reduce the formation of unhealthy eating habits in
this period of life where weight gain, which can lead to obesity
and related health problems, begins. Nutrition education is
frequently used to reduce nutritional problems such as obesity
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@ble 2. Differences between pre-education self-assessment of nutrition knowledge and post-education and follow-up. \

Post-education

Total

Self-assessment of nutrition knowledge : (n)  Insufficient/Do not know : Sufficient Insufficient/Do not know : Sufficient
' ' n (%)
Insufficient/Do not know 28 12 (42.9) 16 (57.1)

Pre-education

Total

k N

*McNemar test results.

and malnutrition, which are common in adolescents!®?°, The first
year of high school is a period in which the influence of peers on
adolescent decisions, including food, becomes evident?. As the
time spent outside the home increases, adolescents consume
foods that are low in nutrients and high in energy, fat, and
sodium more frequently??,

The Mediterranean diet, which includes anti-inflammatory foods,
is shown to be protective against obesity-related diseases and
can help adolescents live healthy lives early and later®. Because
it is easy to access the foods in the diet and compatible with
the diet of countries, the Mediterranean diet is recommended,
especially in Mediterranean countries, including Tirkiye?.
However, with the increase in Western-style nutrition in recent
years, significantly young people are gradually distancing
themselves from this diet?. The nutrition education intervention
in this study was insufficient to improve the students’
Mediterranean diet adherence, according to KIDMed, even
though a few items changed in the desired direction. Besides,
consumption of cereals or grains (bread, etc.) in the breakfast
recommended in the Mediterranean diet has changed negatively.
Psychosocial theories with motivating and facilitating action
determinants are important in adolescent groups. Because this
group is under the heavy influence of Western-style diets and
has accessibility to highly palatable ultra-processed foods that
are engineered to be irresistible and are heavily marketed to
youth, it emphasizes that arrangements between individuals
and their social environments are significant for this group. To
increase adherence to this diet, besides different interventions,
increasing the availability and accessibility of healthy foods may
also be considered.

Nutrition education increases the nutrition knowledge of
adolescents and is more effective when it is long-term?. In a
study, nutrition education is given to high school students for

two months, examining whether the effectiveness continues
after two months. Students’ nutrition knowledge increased
after the education and at the end of the two months compared
to before?. In this 8-week nutrition education study, of those
who stated their self-assessment nutrition knowledge level as
insufficient/do not know at the beginning, 57.1% stated their
post-education level, and 50% stated their follow-up nutrition
knowledge level as sufficient. It should be remembered that
knowledge is permanent as long as it is repeated and can
be forgotten when education is interrupted for a long time.
Ensuring the continuity of education sessions, nutrition
knowledge can be made permanent. Also, it should be kept in
mind that in addition to having nutrition knowledge, it is also
important to convert this knowledge into practice. Therefore,
it is thought that sometimes ignorance and sometimes the
difficulty of transforming knowledge into practice may prevent
the development of healthy eating habits.

Nowadays, individuals areexposed tolots of nutritioninformation
through social media and written and visual media and need
help extracting reliable information. Choosing suitable sources
for nutrition knowledge is essential in developing correct and
permanent nutritional habits and contributing to the health
of adolescents and adults. Nutrition literacy effectively grows
healthy adolescent eating habits, improves nutritional status,
and positively changes food-related attitudes and behaviors?%.
In this study, nutrition education had no positive effect on
nutrition literacy items. It is stated that adolescents are
enthusiastic about food preparation and cooking, but they
cannot develop their skills in these areas because they need
facilities at home and school®. Methods like food preparation
and cooking lessons, which attract the attention and increase
the desire to participate of adolescents, as well as the inclusion
of the internet and social media, can be more effective in
improving the nutrition literacy of adolescents.
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@ble 3. Differences between pre-education item scores of the Adolescent Nutrition Literacy Scale (ANSL) and post-education ar®
follow-up.

Pre/post difference Pre/follow -up dlfference

. 95%Clofthe | . 95%Clofthe |
¢ difference i Mean (SD) : difference
(lower; upper) lower; upper)

0128 (130) -0508;0253 0191(133) -0582;0199

ANLS items ~ Mean (SD)

*1. | find it It to understand the language
used by nutrition, health and food experts.

*2. 1 find it difficult to understand the technical
words used by nutrition, health and food experts.

*3. | find it difficult to understand the information I . ”
read about nutrition, food and diet, HEHOO64 (1 42)0 353; 0.481 0759 .-O .085 (1 25)0 452;0.281 .,0 642”“

*4. | find it difficult to know how | should change

my diet when | get dietary advice from the doctor, @ 0.021 (1.50) : -0.418; 0461 : 0.923 : 0.043 (1.49) i -0.394; 0480 @ 0.845
_nhurse or dietitian. S S S A S S

*5. When | read information about nutrition, food P , . ,

or diet | need someone to help me understand it, 0995 (176)  -080010430 0781 0143 (LAK) 02750573 0483

*6. 1 am not familiar with World Health
Organization (WHO) recommendation for daily : 0149 (1.63) i -0.329;0.627 : 0.534 : 0.043 (1.49) : -0.394; 0480 : 0.845
f : i :

0234 (156 - -0693; 0225 0310 0234 (15) . -0681;0213 0297

-0.642; 0.301 0471

en | read an article about nutrition, food or
dlet | find words that | don’t know. : <0149 (1 52)

8. | have gathered information about diet from
various sources that | think is relevant for me. .-O SOzl (1 76)0 22 D626 o .0'934” .'O 23 <2 13)0 siE) kLl M ”O 455”“

RO e Tl Ul el 0191 (192) . 0372;0755 0497 | 0149 9 164) . -0.631;0333 0.537

10.595; 0.297 0504  -0170 (1 61) :

information about nutrition such as diet.

10.IF1iscuss about diet with my friends, family and 0.000 (1 32) -0387; 0.387 1.000 0191 (148) 0244 0.627 0.381

relatives.

11Ihavechangedmy eating habits based on the 5
information about diet that | have gathered. : RO (1 80) :

12.1 often fead material about what constitutes a 0106 (146) 10323; 0536 0.621 0128 (166) 10361; 0616 0.601

13. 1 can easily contact dietary experts (for
example doctor, nurse or dietitian) about healthy -0.085 (1.68) - -0578;0408 = 0730 0.043 (1.96) - -0.532; 0.617 0.882

-0.464; .592 -0.731; 0.348

0.809 0191 (184) 0479

nutrition,

14.1would readily get involved in political issues
targeted at improving people’s diet in Turkiye.

15. 1'am willing to take an active role in measures
aimed at promoting a healthier diet at my school.

-0642; 0301

0085 (1 65) 0170 (1 61) :

. .0.570; 0.400

- 0043 3 (L64) : -0.021 (157)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _omam 0191075) 0

17.1try to influence others (for example my family . . '
and friends) to eat healthy food. 108055 [DSOLD3WS 06w D0wflen  oasost 987

18. It is important for me that the school canteens R
have a good selection of healthy food. . 0128 (1.68)

-0.439; 0.524 ¢ -0.481; 0439

0262,0795 0288 ¢ 0706,0323 0458

0620 0364 L0404 6 (153) : -0853; 0,044

*19. | tend to be influenced by the dietary advice |
read in newspapers, magazines etc. QZIB (L)

*20. | tend to be influenced by the dietary advice | L : )
get from my famil, riends. O0R(e) 0wz0s0 o7 077060 02007 0253

*21. | believe that the media’s presentation of _ _
scientific findings about nutrition s correct, 0128 (135 026770523 0513 .'.9??9 .?9'.5?),4,4%.4,.'.915.9.1.’4,91?{‘?4 | Bt

22.When | read information about nutrition, diet
or food it is important to me that it is based on i -0191 (1.73) : -0.699; 0.316 : 0451 : -0.489(1.99) : -1.073;0.094 : 0.098

-0193;0.619 @ 0297 : 0.298 (173) : -0.210,.806 : 0.244

*Reversed items.
**Paired-samples T-test scores.
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-

and post-education and follow-up.

-0.085 (0351

3. Has fresh or cooked vegetables regularly once
a day

4. Has fresh or cooked vegetables more than
once a day

5. Consumes fish regularly (at least 2-3 times
per week)

*6. Goes more than once a week to a fast-food
(hamburger) restaurant

7. Likes pulses and eats them more than once a
week

8. Consumes pasta or rice almost every day (5 or
more times per week)

10. Consumes nuts regularly (at least 2-3 times
per week)

13. Has a dairy product for breakfast (yoghurt,
milk, etc.)

*14. Has commercially baked goods or pastries
for breakfast

15. Takes two yoghurts and/or some cheese
(40 g) daily

*16. Takes sweets and candy several times
every day

k.. ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Pre/post difference

Mean (SD)

0021 (0531)

| 0.021 (0.489) |
p——

| -0.106 (0.561) :
-0.085 (0408)

.0.043 (0464)
0,064 (0.528)
0,064 (0.639)

-0.128(0.647)

difference

: (lower; upper) :

)

-0.188; 0.018

0135,0177 0785,
10122; 0165 |
-0219;0.091
0017, 0273
10103;0230
10357;0017
-0.097; 0.267
| 03360005 004

-0271:0.058
-0.205;0.035 = 0160 -
-0.091;0.219 0.

.0179: 0.094
-0219: 0,091

0252: 0124

-0.318; 0.062

.~ 95%Clof the

.0.043 (0.624)

0,043 (0.658)

0,000 (0.626)

0149 (0.589)

--0.234 (0.598

0,043 (0.509)

.0.021 (0.531)

.0.085 (0.583)

0106 (0.634)

-0.021 (0.531)

. 95%Clofthe

Mean (SD)

)

-0.043 (0.415

.0.021 (0571)

.0170 (0.601)

0085 (0.654) -

0.043 (0464)
-0.021 (0.571)

able 4. Differences between pre-education item scores of Mediterranean Diet Quality Index for Children and Adolescents

Pre/follow-up difference

difference

10164;0.079 |
- -0.226;0141 0.
0151;0236

-0184; 0184

00240322

.0347: 0.006

.0107: 0277

.0177;0135
-0256; 0.086
-0.080; 0292

-0.177, 0135

:0189; 0146
0409; 0059 : 0.

.0107:0192

-0179; 009 0.
-0189; 0146 0.

(KIDMe®

*Reversed items.

This study was based on the theory that the information taught
to students using the narrative technique would be adopted
by them and used in their daily lives. However, although it
was supported by visual content such as presentations and
brochures, the teaching technique used was insufficient to

**Paired-samples T-test scores.

reflect the students’ knowledge into their behavior. Supporting
the nutrition education sessions with interesting visual images
and videos, distributing brochures containing the summary
of what was explained in the related education session at
the end of each session (thus supporting the recall of what
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was explained in that week of education session), creating
a discussion and brainstorming by doing question-answer
activities during the education sessions were the strengths of
the intervention. On the other hand, the nutrition education
provided in the classroom setting might have been insufficient
to attract the attention of all students. One of the weaknesses
was that the personality differences between students were not
taken into account. There is a possibility that parts that were
not understood in the education sessions were not asked due
to hesitation or embarrassment. Another weakness was the
assumption that students who did not ask questions during the
training understood what was explained. All students may not
have been reached adequately in a class setting.

The study’s primary limitation was that the participants’
randomization was not done. A school of the med socioeconomic
level was randomly selected for education. Students’ distraction
and boredom when answering questions was another study
limitation. The exclusion of websites, social media, and
television, where adolescents frequently obtain nutrition
information, and the transmission of nutrition information only
through presentations and brochures might have restricted
students’ benefits from education. The study’s advantage was
monitoring the long-term effectiveness of the intervention by
following up after the education sessions.

‘ CONCLUSIONS

As a result, the nutrition intervention in this study effectively
improved adolescents’ self-evaluation of nutrition knowledge.
However, this study was insufficient to reduce unfavorable
dietary habits or improve healthy dietary habits of adolescents
in the first year of high school. This nutrition education was
ineffective in increasing students’ nutrition literacy levels. For
future research, when planning dietary interventions to improve
adolescents’ diet or eating behaviors, it is suggested to consider
individual factors related to adolescents, as well as internet and
social media fields and the school/home food environment.

‘ ACKNOWLEDGMENTS

The authors thank the high school teachers for encouraging
students to participate in the study. All of the data were taken
from the first author’s doctoral thesis.

‘ AUTHORS’ CONTRIBUTIONS

All authors contributed to the interpretation of results and
preparation of the manuscript. G.U. was responsible for the
analysis of the data with assistance from A.U. All authors
critically revised the manuscript and read and approved the
final version. All authors have accepted responsibility for the
entire content of this manuscript and approved its submission.

‘ FUNDING

This research received no specific grant from any funding agency
in the public, commercial, or not-for-profit sectors.

‘ COMPETING INTERESTS

The authors state that there are no conflicts of interest in
preparing the manuscript.

‘ REFERENCES

(1) McKeown A, Nelson R. Independent decision making of adolescents
regarding food choice. Int J Consum Stud. 2018; 42(5): 469-77. doi:
https://doi.org/10.1111/ijcs.12446.

(2) Candel M1J, Lucas PIC, Ceballos-Santamaria G, Jiménez JM, Tomds
ABM, Pastor VEL. Relationship between modifiable risk factors and
overweight in adolescents aged 12-14 years. An Pediatr (Engl Ed).
2021; 95(3): 159-66. doi: 10.1016/j.anpede.2020.08.008.

(3) Sari DK, Ichwan M, Masyithah D, Dharmajaya R, Khatib A. The
Incidence of Adult Obesity is Associated with Parental and Adolescent
Histories of Obesity in North Sumatra, Indonesia: A Cross-Sectional
Study. J Multidiscip Healthc. 2021: 2437-44. doi: 10.2147/IMDH.
S324774.

(4) Neufeld LM, Andrade EB, Suleiman AB, Barker M, Beal T, Blum
LS, et al. Food choice in transition: adolescent autonomy, agency,
and the food environment. Lancet. 2021. doi: 10.1016/S0140-
6736(21)01687-1.

(5) Gutschall M, Settle J. Changes in food choices of rural preadolescent
and adolescent children following a theory-based after-school
nutrition intervention. Top Clin Nutr. 2013; 28(4): 356-63. doi:
10.1097/01.TIN.0000437412.51317 1a.

(6) LeisR,delLamas C, de CastroM-], Picédns R, Gil-Campos M, Couce ML
Effects of Nutritional Education Interventions on Metabolic Risk in
Children and Adolescents: A Systematic Review of Controlled Trials.

[ ]




Rev Esp Nutr Hum Diet. 2024, 28(2): 102 - 111

The effect of eight-week nutrition education on nutrition knowledge, nutrition literacy, and Mediterranean diet in Turkish adolescents

Nutrients. 2020; 12(1): 31. doi: 10.3390/nu12010031.

(7) Noronha DC, Santos MI, Santos AA, Corrente LG, Fernandes RK,
Barreto AC, et al. Nutrition Knowledge is Correlated with a Better
Dietary Intake in Adolescent Soccer Players: A Cross-Sectional Study.
J Nutr Metab. 2020; 2020. doi: 10.1155/2020/3519781.

(8) Ronto R, Ball L, Pendergast D, Harris N. What is the status of
food literacy in Australian high schools? Perceptions of home
economics teachers. Appetite. 2017; 108: 326-34. doi: 10.1016/].
appet.2016.10.024.

(9) Vidgen HA, Gallegos D. Defining food literacy and its components.
Appetite. 2014; 76: 50-9. doi: 10.1016/j.appet.2014.01.010.

(10) Aktas N, Ozdogan Y. Gida ve beslenme okuryazarli§i. Harran Tarim
ve Gida Bilimleri Dergisi. 2016; 20(2): 146-53. doi: https://doi.
org/10.29050/harranziraat.259105.

(11) Ceraudo F, Caparello G, Galluccio A, Avolio E, Augimeri G, De Rose
D, et al. Impact of Mediterranean Diet Food Choices and Physical
Activity on Serum Metabolic Profile in Healthy Adolescents: Findings
from the DIMENU Project. Nutrients. 2022; 14(4): 881. doi: 10.3390/
nul4040881.

(12) Kontele I, Grammatikopoulou MG, Vassilakou T. Level of Adherence
to the Mediterranean Diet and Weight Status among Adolescent
Female Gymnasts: A Cross-Sectional Study. Children. 2021; 8(12):
1135. doi: 10.3390/children8121135.

(13) Augimeri G, Galluccio A, Caparello G, Avolio E, La Russa D, De Rose
D, et al. Potential Antioxidant and Anti-Inflammatory Properties
of Serum from Healthy Adolescents with Optimal Mediterranean
Diet Adherence: Findings from DIMENU Cross-Sectional Study.
Antioxidants. 2021; 10(8): 1172. doi: 10.3390/antiox10081172.

(14) Morelli C, Avolio E, Galluccio A, Caparello G, Manes E, Ferraro
S, et al. Nutritional Education Program and Physical Activity
Improve the Adherence to the Mediterranean Diet: Impact on
Inflammatory Biomarker Levels in Healthy Adolescents from the
DIMENU Longitudinal Study. Front Nutr. 2021; 8: 422. doi: 10.3389/
fnut.2021.685247.

(15) Turkey's Health Ministry. 2015. Available from: https://dosyasb.
saglik.gov.tr/Eklenti/10915,tuber-turkiye-beslenme-rehberipdf.pdf

(16) Serra-Majem L, Trichopoulou A, de la Cruz IN, Cervera P, Alvarez
AG, La Vecchia C, et al. Does the definition of the Mediterranean
diet need to be updated? Public Health Nutr. 2004; 7(7): 927-9. doi:
10.1079/phn2004564.

(17) Ndahura NB. Nutrition literacy status of adolescent students in
Kampala district, Uganda: Hagskolen i Oslo og Akershus; 2012.

(18) Tiirkmen AS, Kalkan I, Filiz E. Adolesan beslenme okuryazarligi
6lgegdinin tirkce'ye uyarlanmasi: gegerlilik ve glvenilirlik calismasi.
International Peer-Reviewed Journal of Nutrition Research. 2017(10).

doi: 10.17362/DBHAD.2017.2.01.

(19) Baldasso ]G, Galante AP, de Piano Ganen A. Impact of actions
of food and nutrition education program in a population of
adolescents. Revista de Nutri¢do. 2016, 29(1): 65-75. doi: https://
doi.org/10.1590/1678-98652016000100007.

(20) Hamulka J, Wadolowska L, Hoffmann M, Kowalkowska J, Gutkowska
K. Effect of an education program on nutrition knowledge, attitudes
toward nutrition, diet quality, lifestyle, and body composition in
polish teenagers. the abc of healthy eating project: Design, protocol,
and methodology. Nutrients. 2018; 10(10): 1439. doi: 10.3390/
nul0101439.

(21) Dalky HF, AlMomani MH, Al-Drabaah TK, Jarrah S. Eating habits and
associated factors among adolescent students in Jordan. Clin Nurs
Res. 2017; 26(4): 538-52. doi: 10.1177/1054773816646308.

(22) Kabaran S, Mercanligil SM. Adolesan dénem besin segimlerini hangi
faktorler etkiliyor? Glncel Pediatri. 2013; 11(3): 121-7. doi: https://
doi.org/10.4274/1cp.11.10820.

(23) Arouca A, Moreno LA, Gonzalez-Gil EM, Marcos A, Widhalm K, Molnar
D, et al. Diet as moderator in the association of adiposity with
inflammatory biomarkers among adolescents in the HELENA study.
Eur J Nutr. 2019; 58(5): 1947-60. doi: 10.1007/500394-018-1749-3.

(24) Estruch R, Salas-Salvado J. Towards an even healthier Mediterranean
diet. Nutr Metab Cardiovasc Dis. 2013; 23(12): 1163-6. doi: 10.1016/].
numecd.2013.09.003.

(25) Martini D, Bes-Restrollo M. Is Mediterranean diet still a common
dietary pattern in the Mediterranean area? International
Journal of Food Sciences and Nutrition. 2020; 71(4): 395-6. doi:
10.1080/09637486.2020.1763264.

(26) Coppoolse HL, Seidell JC, Dijkstra SC. Impact of nutrition education
on nutritional knowledge and intentions towards nutritional
counselling in Dutch medical students: an intervention study. BMJ
open. 2020; 10(4): e034377. doi: 10.1136/bmjopen-2019-034377.

(27) Devran BS, Saka M. Lise égrencilerine verilen beslenme egitiminin
beslenme aligkanliklari, beslenme bilgi diizeyi ve fiziksel aktivite
lizerine etkisi. Beslenme ve Diyet Dergisi. 2019; 47(3): 5-14. doi:
https://doi.org/10.33076/2019.BDD.1081.

(28) Kalkan I. The impact of nutrition literacy on the food habits among
young adults in Turkey. Nutr Res Pract. 2019; 13(4): 352-7. doi:
10.4162/nrp.2019.13.4.352.

(29) Mearns GJ, Chepulis L, Britnell S, Skinner K. Health and nutritional
literacy of New Zealand nursing students. J Nurs Educ. 2017; 56(1):
43-8. doi: 10.3928/01484834-20161219-09.

(30) Ronto R, Ball L, Pendergast D, Harris N. Adolescents’ perspectives
on food literacy and its impact on their dietary behaviours. Appetite.
2016; 107: 549-57. doi: 10.1016/j.appet.2016.09.006.



Rev Esp Nutr Hum Diet. 2024, 28(2): 112 - 123

Freely available online rh OPEN ACCESS

Rewista Espanala de

Nutricidn Humana

Revista Espanola de | s
Nutricion Humana y Dieteética

Spanish Journal of Human Nutrition and Dietetics i

www.renhyd.org

‘ RESEARCH ARTICLE

Sociodemographics, playing habits, adherence to the Mediterranean dietary pattern,
dietary supplements intake, physical activity level, and degree of Internet gaming disorder
of Portuguese chess players

Fernando] Ribeiroa’b'*, Rui Poinhos®

a Faculty of Nutrition and Food Sciences, University of Porto (FCNAUP), Porto, Portugal.
Faculty of Sciences of the University of Porto (FCUP), Porto, Portugal.

*fernandoribeir01393@g mail.com

Assigned Editor: Alberto Pérez-Lépez. Universidad de Alcald, Madrid, Espaia.

Received: 11/13/2023; Accepted: 01/29/2024; Published: 03/14/2024.

) Sociodemographics, playing habits, adherence to the Mediterranean dietary pattern, dietary supplements intake,
physical activity level, and degree of Internet gaming disorder of Portuguese chess players

Introduction: Lifestyle and gaming habits mayinfluence chess players’ adhesion to healthy dietary patterns.

This study aims to characterize Portuguese chess players sociodemographics, playing traits, adherence

to the Mediterranean diet (MD), dietary supplement (DS) consumption, physical activity level, degree of
Video Games; internet gaming disorder (IGD) and to study predictors of adherence to the MD.

Dietary Supplements; Methodology: Data was gathered using an online survey disseminated through social networks, which
included questions regarding sociodemographics, chess playing habits, the PREDIMED questionnaire, DS
consumption, the International Physical Activity Questionnaire, and the Internet Gaming Disorder Scale.

Sedentary Behavior; Results: The 192 respondents (93.8% males) had a mean of 41 years (SD=14), high education (mean=15.1
years; SD=1.7), and played chess for 6.3 hours (SD=9.7) a week. Most (58.9%; n=113) reported moderate
adherence to the MD, 30.2% (n=58) ingested DS, 64.1% (n=123) adhered to the WHO Physical Activity
Recommendations, and no subject was classified with 1GD.

Higher Elo scores correlated with higher red/processed meat consumption (OR=4.935, p=0.005). A greater
volume of chess play related to higher consumption of pastries and sweets (OR=3.127, p=0.007). Higher
IGD scores were associated with lower adhesion to the MD (OR=1.067, p=0.019).

Conclusions: The most dedicated chess players may be less concerned with maintaining a balanced diet
and may require supervision from health professionals.

Diet, Mediterranean;

Internet Addiction
Disorder.
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PALABRAS CLAVE

Juegos de Video;

Suplementos
Dietéticos;

Dieta Mediterranea;

Conducta
Sedentaria;

Trastorno de
Adiccién a Internet.

KEY
MESSAGES

CITATION

Sociodemografia, habitos de juego, adherencia al patrén dietético mediterraneo, ingesta
de suplementos dietéticos, nivel de actividad fisica y grado de trastorno del juego en Internet
de jugadores de ajedrez portugueses

RESUMEN

Introduccion: El estilo de vida y los hdbitos de juego pueden influir en la adhesién de los jugadores de
ajedrez a patrones dietéticos saludables. Este estudio pretende caracterizar la sociodemografia de los aje-
drecistas portugueses, sus rasgos de juego, su adherencia a la dieta mediterranea (DM), el consumo de
suplementos dietéticos (DS), el nivel de actividad fisica, el grado de trastorno de los juegos de Internet (IGD)
y estudiar los predictores de la adherencia a la DM.

Metodologia: Los datos se recolectaron mediante una encuesta en linea difundida a través de redes so-
ciales, que incluyd preguntas sobre datos sociodemogrdficos, habitos de juego de ajedrez, cuestionario
PREDIMED, consumo de DS, Cuestionario Internacional de Actividad Fisica y Escala de Trastorno de los
Juegos de Internet.

Resultados: Los 192 encuestados (93,8% hombres) tenian un promedio de 41 afios (DE=14), educacién
alta (media=15,1 afios; DE=1,7), y jugaban al ajedrez 6,3 horas (DE=9,7) por semana. La mayoria (58,9%;
n=113) refirié6 una adherencia moderada a la DM, 30,2% (n=58) ingirié DS, 64,1% (n=123) adhiri6 a las
recomendaciones de actividad fisica de la OMS y ninguno fue clasificado con IGD.

Puntuaciones Elo mds altas se relacionardn con un mayor consumo de carne roja/procesada (OR=4,935;
p=0.005). Un mayor volumen de juego de ajedrez se relacioné con un mayor consumo de reposteria comer-
cial (OR=3,127; p=0.007). Puntuaciones mas altas de IGD se asociaron con una menor adhesién a la DM
(OR=1,067; p=0.019).

Conclusiones: Los jugadores de ajedrez mds dedicados pueden estar menos preocupados por mantener
una dieta equilibrada, y pueden requerir supervisién de profesionales de la salud.

1. Our sample register a lower consumption of fruits and vegetables, higher red or processed
meat intake, and remain seated for longer hours a day than a reference population.

2. A higher level of chess skill or dedication correlated with inadequate dietary habits.

3. The most consumed dietary supplements were multivitamins-minerals with the purpose of
increase energy/decrease fatigue and maintain good health.

Ribeiro FJ, Poinhos R. Sociodemographics, playing habits, adherence to the Mediterranean dietary pattern, dietary
supplements intake, physical activity level, and degree of Internet gaming disorder of Portuguese chess players. Rev
Esp Nutr Hum Diet. 2024; 28(2): 112-23.

doi: https://doi.org/10.14306/renhyd.28.2.2075
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‘ INTRODUCTION

Chess originated about 1,500 years ago, and the number of
players has been increasing in recent years. Netflix's “The Queens
Gambit” and the COVID-19 pandemic have led to increased online
chess competicién and video sharing on Twitch and YouTube®.

While sports nutrition research has typically focused on the most
physically taxing sports such as athletics?, mind sports received
less attention. Chess relies on cognitive domains such as fluid
and crystallized intelligence, processing speed, and short-term
memory?, and has been recognized as a sport by the International
Olympic Committee since 2004*.

In order to get an edge over opponents chess players may resort
to “smart drugs” and stimulating DS such as caffeine to boost
their cognitive abilities and minimize fatigue>. However, this
practice has been considered a menace to the fair play policy
in chess®, and DS consumption represents a potential health
hazard’.

Sedentarism8, inadequate dietary habits, and obesity are all
linked to decreased cognitive function, in part due to raised
neuroinflammation®.

The rise in online chess websites' may be escalating the
prevalence of IGD, linked to poor physical and cognitive health,
sleep disturbances, and inadequate diet, including excessive
caffeine consumption®.

In contrast, a healthy lifestyle that includes physical activity?,
an adequate BMI, and adherence to a balanced diet (eg,
Mediterranean diet)® correlates with optimal cognition.

Fornal-Urban et al’s 2008 study on Polish elite chess players
found that 41.1% skipped breakfast, only 13.3% ate fruit and
vegetables daily, and 57.2% consumed sweets daily*’.

Justified by the scarcity of scientific literature, this investigation’s
main objectives were to characterize Portuguese chess players’
sociodemographics, playing traits, adherence to the MD, DS
consumption, physical activity level, degree of IGD, and to study
the predictors of adherence to the MD.

‘ METHODOLOGY

Study Design

This research project complied with the Declaration of Helsinki
of the World Medical Association and received approval from

an ethics committee of the University of Porto (No. 82/2022/
CEFCNAUP/2022). An online survey was applied to a convenience
sample of chess players between 1 July 2022 and 30 September
2022 by email, on chess-related websites, and Facebook pages
and groups.

Inclusion criteria

Participants in this cross-sectional study had to be adult
Portuguese chess players resident in Portugal, aged 18 to 69
and had played the game for at least six months. There were no
rewards for taking part.

Survey administration

The survey was applied through Google form and is available as
supplementary material (SM1). The survey’s design, execution,
and report adhered to the CHERRIES checklist statement??, also
provided as a supplement (SM2).

230 participants completed the questionnaire, 38 were excluded
due to failure to comply with inclusion criteria or incoherent data,
and 192 were included.

Questionnaires included

The survey included questions related to socioeconomic
level'®, weight and height, chess playing habits, the PREDIMED
questionnaire'®!s, DS consumption??, the International Physical
Activity Questionnaire - Short Form (IPAQ-SF), and the Internet
Gaming Disorder Scale - Short-Form (IGDS9). The PREDIMED,
IGDS9, and IPAQ-SF have been previously validated in the
Portuguese population.

Corrective equations for BMI were applied to compensate for
misestimated weight and height®. BMI (kg/m? was classified
according to the World Health Organization cut-offsY’. Permission
for the use of PREDIMED (www.predimed.es) and IGDS9 were
granted.

Statistics

Descriptive statistics were produced for all variables. Skewness
and kurtosis were used to evaluate the normality of quantitative
variables, and all had a distribution close to the normal, that is,
between -1 and 1 for both coefficients.

Binary logistic regression models were applied to study the
predictors of overall low (< median) adherence to the MD style
and non-compliance with each of the 14 items evaluated by
PREDIMED. Independent variables included: sex, age, BMI,
physical activity level, weekly hours of chess practice, number
of chess competitions in the prior 12 months, number of years
of chess practice, Elo score, registration in the Portuguese
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Chess Federation (FPX), and total IGD score. The independent
variables included in the regression models were tested for
multicollinearity, and all variance inflation factor values (using
dummy variables for categorical ones) were below 2.6. For the
overall adherence to the MD style, both univariate (raw) and
multivariate (adjusted) models are presented, while for individual
items we present the adjusted models.

Fisher’s exact test was used to assess the independence between
DS use and sex, marital status, and employment status. The
comparison between participants who did vs. those who did not
use DS was performed using independent samples T-test for age,
BMI, and household size and Mann-Whitney’s test for education
and income.

The significance for all analyses was established at 5%. SPSS®
Statistics 28.0 for Windows was used for all statistical analysis
(IBM Corp., Armonk, NY, USA).

‘ RESULTS

Sociodemographics and BMI

The 192 participants averaged 41.1 years (SD=14), had a BMI
of 26.2 kg/m? (SD=4.3), and were predominantly male (93.8%;
n=180), with a high education level (mean=15.1 years; SD=17).
Lisbon was home to 27.6% (n=53), and 21.9% (n=42) lived in
Porto city.

Additional information is detailed in Table 1.

Chess-related variables

The subjects have been playing chess for a mean of 21.1 years
(SD=15.1) and averaged 6.3 hours (SD=9.7) of chess practice
per week. 64.6% (n=124) were registered in the FPX. 66.1%
(n=127) reported having an Elo Score, with a mean score of
1679 (SD=306), and 68.2% (n=131) participated in at least one
chess competition in the prior 12 months, with an average of 6.2
(SD=8.0) chess competitive events.

PREDIMED and Dietary Habits

Our sample had a mean total PREDIMED score of 7.0 (SD=1.7).
24.5% (n=47) of participants were classified as having weak
adherence, 58.9% (n=113) moderate-to-fair adherence, and
16.7% (n=32) had good or very good adherence to the MD. In total,
75.0% (n=144) of the sample ingested less than five portions of
fruit and vegetables a day, while the daily consumption averaged
3.3 servings (SD=1.9).

/Table 1. Sociodemographic characteristics.

% n
Sex ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" Male 938 180
........ Fema|e 63 12
Age ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" 18 to 29 years w5 47
"""" 30 to 39 years 208 40
"""" 40 to 49 years 266 51
"""" 50 to 59 years 167 32
"""" 60 to 69 years s 2
BM| ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" Underweight (BMI < 18.5 kg/m?) 26 5
"""" Normal range (BMI € [185; 250] kg/m?) = 417 80
"""" Pre-obesity (BMI € [250;300] kg/m3) 359 69
"""" Obesity class | (BMI € [300;350] kg/m3) 167 = 32
"""" Obesity class Il (BMI € [350;400] kg/m?) 31 = 6
Educatlon ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
........ 9years 21 4
"""" 12 years 167 32
........ 14year5 47 9
"""" >16 years 766 147
Household incomet
"""" Low (<1456 €) 24 36
"""" Middle (1456 t0 2910 €) 488 82
"""" High (>2910 €) 298 50
Marital status
....... Marrled or living in a de "f;g;[ﬁc;?é‘lationship 521 100
"""" Single w1 77
"""" Divorced 78 15
Employment status
"""" Worker 776 149
"""" Unemployed 479
........ Other 177 34

l2123 participants didn“t report household income.
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Compliance with each PREDIMED item is presented in Table 6,
available as supplementary material (SM3).

Dietary Supplements

From our total initial sample (n=192), 30.2% (n=58) reported
having ingested DS supplements in the prior 12 months.
Multivitamin-mineral complexes (41.4%; n=24) and whey protein
(31.0%; n=18) were the most consumed type of supplement
(Table 2).

The main reasons reported for consuming DS were to increase
energy/decrease fatigue (44.8%; n=26), maintain good health
(44.8%; n=26), prevent/treat diseases or injuries (36.2%; n=21)
(Table 3).

Nearly one third of DS consumers (31.6%; n=18) cited medical
doctors as a source of information regarding DS, followed by
scientific articles (24.1%; n=14). The majority of the DS consumers
(29.3%; n=17) in this sample purchased their DS in supplement
stores/herbalists, followed by online stores (27.6%; n=16).

Most DS users reported being very well (27.6%; n=16) or well-
informed (34.5%; n=20) about DS.

Only the employment status had a statistically significant
relationship with supplement intake (p=0.005), with DS users
presenting a slightly higher proportion of active workers and no
unemployed. Additional information regarding DS consumption
is available as supplementary material (SM4).

Physical Activity Level

On the IPAQ-SF, 45.8% (n=88) of respondents were classified
as having a high, 33.3% (n=64) moderate, and 20.8% (n=40)
low physical activity level. According to the stated data, 64.1%
(n=123) of respondents adhere to the WHO Physical Activity
Recommendations, while 359% (n=69) don’t. Regarding
sedentary behavior, our sample averaged 6.4 (SD=0.2) daily
hours of sitting.

IGD

The sample averaged 13.5 points (SD=5.4) on the IGDS9. No
respondent accumulated a total score 236, and thus no subject
was classified as presenting IGD.

Logistic regression results

Sex: The chances of non-compliance regarding vegetable intake
(OR=0.157; p=0.026) were lower, and the use of olive oil as the
main cooking fat (OR=22.243; p<0,001) were higher for females
compared to males (Table 7, SM3).

k Zinc-selenium

/Table 2. Types of dietary supplements consumed.

LR
i o0

=
N

=
o

/

% n
414 ............ 24 .......
310 ........................
293 17
293 ........................
w1 1
190 ............ 11 ........
172 ‘‘‘‘‘ o
138 8 .........
138 ............ 8
138 ............ 8
121 ............ 7
103 ‘‘‘‘‘ 6
103 ............ 6
85 ,,,,,, 5
85 ............. 5
86 ,,,,,, 5
59 ............. 4
69 ............. 4
...... 5 2 3
...... 5 2 3
...... 5 2 3
...... 5 2 3
...... 3 4 2
...... 3 4 2
...... 3 4 2
...... 3 4 2
...... 3 4 2
...... 3 4 2
...... 1 7 1
...... 1 7 1
...... 1 7 1
...... 1 7 1
...... 1 7 1
...... 1 7 1
...... 1 7 1
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/Table 3. Reasons for using dietary supplements. \
% n

Increase energy/decrease fatigue 448 26
Keemehealthy%S%
Prevent/treatillnessorinjury 362 21
Ga|nmu5c|emassz7616
Improve sports performance 241 14
Improve cognitive performance 190 11
speeduprecoverylnlo
Compensate foreatingerrors 172 10
Ga.nstrengthlnlo
 Increase concentration/focus 155 9
Decrease Stress BB PE—— 103 6
Cognitive stimulation 69 4
Losewe|ght e 69 4
Helptore|ax e 52 3
|ncreaseres.sta nce S - 52 3
 Increase emotional control = 52 3
Gamwe.ght e e 17 1

Doctorspresmptlon S 17 1

1

mMake me faster 17 :

Age: Higher age was associated with lower chances of scoring
a PREDIMED total value below the median (<7), in both raw
(OR=0.977; p=0.027) and adjusted models (OR=0.967; p=0.031)
(Table 4).

The chances of non-compliance concerning fruit (OR=0.955;
p=0.009), red and processed meats (OR=0.933; p<0.001), wine
(OR=0.936, p=0.019), legumes (OR=0.966; p=0.023) and fish or
shellfish (OR=0.969; p=0.042) consumption were also lower for
older individuals (Table 7, SM3).

BMI: Chances for non-compliance regarding the intake of butter,
margarine, or cream were higher for individuals with higher BMI
(OR=1.120; p=0.009), as well as the chances of non-compliance
regarding the use of olive oil as main cooking (OR=1.183;
p=0.032), and fish or shellfish consumption (OR=1.087,
p=0.036) (Table 7, SM3).

Chess related-variables: The likelihood of non-compliance
concerning pastries or sweets consumption was greater for
individuals with longer weekly chess practice (3™ tercile)
compared to those with less (1°t tercile) (OR=3.127; p=0.007).

The chances of non-compliance concerning red and processed
meat consumption were found for those with a higher Elo rating
versus individuals who didn’t report an Elo rating (OR=4.935;
p=0.005). Despite not reaching statistical significance,
participants with an Elo rating >1700 tended for a greater
likelihood (OR=2.148; p=0.118) of non-adherence to vegetable
consumption (Table 5).

Physical Activity Level: The likelihood of non-compliance
concerning vegetable intake was greater for individuals with
low (OR=2.837; p=0.021) and moderate (OR=2.664; p=0.012)
compared with those with high physical activity level. A similar
outcome was found concerning fruit consumption for those
with low levels of physical activity (OR=4.580; p=0.015) (Table
7, SM3).

IGD: In the unadjusted model, the chances for a total PREDIMED
score below the median were higher for those with a higher
total IGD score (OR=1.067; p=0.019) (Table 4). In addition,
the likelihood of non-compliance regarding fish or shellfish
consumption was greater for players with higher IGD scores
(OR=1.078; p=0.021) (Table 5).

Additional logistic regression results regarding predictors of
non-compliance with each of the 14 PREDIMED items is provided
as supplementary material (SM3).

‘ DISCUSSION

Sociodemographics

The collected data imply that the majority of the sample is male
(93.8%), and from the middle and upper classes as they were
more likely to be employed, reported high levels of education,
and reasonably high monthly incomes (>1455 €).

Our results suggest that higher age correlates with lower
chances for a total PREDIMED score below the median and lower
chances of non-compliance regarding fruit, red and processed
meats, wine, legumes, and fish or shellfish consumption. This is
in line with the IAN-AF 2015-16 study, which registered greater
adherence to the MD in older individuals®.

BMI

Excessive body fat significantly raises the risk of a myriad
of health complications, including cardiovascular diseases,
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Table 4. Predictors of overall low adherence to the Mediterranean diet.

PREDIMED Total < Median

Crude model Adjusted model“
pMode) - 0.260
Nagelkerke'sR2 .- N 0.120
P Exp(B)O5%C) p  Exp(B)(95%Cl)

Sex o478 033

Male 18 . 1(Ref) 1 (Ref)

Female : . 0.515(0.134;1.977)
Age 0.027* 0031* | 0.967(0.938;0.997)
BMI 0.379 0055 = 1.078(0.998;1.164)
PA level 0.961 0823

Low 0.848 0937 = 1.036(0435; 2467)

Moderate 0.79%4 . 0581  0.814(0.392;1.692)

Hgh = g 1(Ref) 1 (Ref)
Chess practice/week (h)? 0454 . 0372

1t tercile : E : 1 (Ref)

2 tercile 0215 0223 1.586 (0.755; 3.334)

3 tercile 0737 0911 = 0.957(0.438;2.091)
No. of competitions® 0625 0475

1'terile % 1(Ref) 1 (Ref)

2% tercile 0537 0794 (0.382;1652) 055, 0768 (0.320;1841)

3¢ tercile 0632  1177(0604;2292) 0495 1359 (0.563;3.284)
Years of chess practice 0.575 """""" N 0.658

1'tercle 68 1 (Ref) b 1 (Ref)

2 tercile 0.750 . 0564  0791(0.356;1757)

3¢ tercile 0301 0712 1.211(0438;3345)
ELO score 0.598 0769

NRe¢ (reference) 3 1 (Ref)

<1700 0337 0501 0747 (0.320; 1.747)

>1700 0876 O . 0865 = 0.922(0.363;2.345)
Registered in the FPX 0625 0913

N e 1(Ref) 1 (Ref)

Yes 0,862 (0475;1584) 0,954 (0407; 2.233)
Total IGD score 0019*  1067(1011;1126) . 0052 1062 (0.999;1129)

/

n: Sample size; p: Probability value; OR: Odds ratio; Cl: Confidence interval; Ref.: Reference; BMI: Body mass index; FPX: Portuguese Chess Federation;
IGD: Internet gaming disorder; PA: Physical activity level.
Exp(B) <1 implies a total PREDIMED score above the median; Exp(B) >1 implies a total PREDIMED score below the median.
EINumber of hours of chess practice per week; PINumber of chess competitions in the prior 12 months; FINR: Not reported or reported “zero”;
[IModel adjusted for all the independent variables. *p<0.05.
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Table 5. Predictors of non-compliance of chess-related variables with specific PREDIMED items. \
f f f Red or processed meats < 1 serving/day
p (Model) 0.011*
Nagelkerke's R2 0.195
OR (95%Cl)

Chess practice (h/week)?

1st tercile

1 (Ref)

2" tercile

1.642 (0.703; 3.837)

3 tercile

0.941 (0.401; 2.203)

No. of competitions®

15t tercile

el

2" tercile

0484 (0.188; 1.247)

3 tercile

0.643 (0.239; 1.731)

Years of chess practice

15t tercile

1::(Ref.) :

2" tercile

0.597 (0.237, 1.502)

3 tercile

0.912 (0.315; 2.640)

ELO score

NRe (reference)

1 (Ref)

<1700

1.642 (0.647; 4169)

>1700

4.935 (1.609; 15.138)

Registered in the FPX

No

1"(Ref.) :

Yes

0.678 (0.267: 1.723)

k Total IGD score

0.997 (0.928; 1.071) )

n: Sample size; p: Probability value; OR: Odds ratio; CI: Confidence interval; Ref.: Reference; BMI: Body mass index; PA: Physical activity level;
FPX: Portuguese Chess Federation; IGD: Internet gaming disorder.

LINumber of hours of chess practice per week, PINumber of chess competitions in the prior 12 months; [INR: Not reported or reported an ELO score of zero.

Note: All logistic regressions were adjusted for sex, age, BMI, and physical activity level. For each PREDIMED item, ORs <1 imply better compliance. ORs >1
imply poorer compliance.

metabolic syndrome!®, mild cognitive impairment, and brain
atrophy®, which could impair chess performance.

According to a national inquiry conducted in 2015-16, excessive
adiposity characterizes more than half of the adult Portuguese
population, with 36.5% being overweight, and 21.6% obese?3. This
scenario appears rather similar for our sample of Portuguese
chess players as the majority classified either as overweight
(35.9%) or obese (19.8%).

Chess-Related Variables

Our study detected a positive association between a higher
Elo rating and non-compliance for red and processed meat

consumption and a trend for non-compliance regarding vegetable
ingestion. An additional positive association between a higher
number of hours of chess play per week and non-compliance
concerning the consumption of pastries and sweets was found.

Fornal-Urban et al. (2008) reported high consumption of sweets
in a sample of young (8 to 19 years) Polish elite chess players.
21.5% of respondents reported eating sweets several times per
day. More than half (57.2%) declared consuming a sweet at least
once per day, and a considerably greater proportion (79.2%)
ingested at least one sweet per day on tournament days'.
Additionally, 13.3% only ate fruit and vegetables once a day and
39.5% included them in at least three meals per day*™.
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Table 5. Continuation.

~

: Fish or seafood 2 3 servings/week Commercial pastries/sweets < 2 occasions/week
p(Model) . o062
Nageikerke’s R2 ................... 0159
D : o p ~ OR(95%C)
Chesspractlce (h/week)’ - 0.725 0.026*
Lttercle T 1 (Ref) : 1(Ref)
?tercile 56 0769  0893(0419;1902) 0.107 1929 (0.868; 4.286)
Jtercle 57 0424 0726(0327,1599) = 0.007* 3127 (1.363;7173)
No.of competitions® 0867 0.825 :
Tttercle : o L 1 3 1(Ref)
tercile : 0871 . 0929(0381;2. 0864 . 1082 (0441; 2.654)
3 tercile 57 0713 1187(04752967) 0655 0811(0324;2030)
Years'sf chess '|;|"‘actice """""""""""""" 0684 0.201
Ittercle O 1 (Ref) : 1 (Ref)
rtercle 61 0874  0936(0415,2112) 0073 2167 (0.930; 5.050)
3vtercile 63 0490  1430(0517;3954) 0402 © 1.571 (0.546; 4.526)
ELOscore 003 0672
NR‘M(‘referenc't‘eH)u : : 1 (Ref) 1 (Ref)
<700 . 63 = 0653 | 1222 (0.510; 2930) 0705 1186 (0490; 2.875)
>1700 60 0087  0434(0167;1131) 0.667 0,806 (0.301; 2.155)
Registeredinthe FPX 0446 ' 0.696
N 8 1 (Ref) 1(Ref)
Yes :  0.839(0:348; 2.024)
Total IGD score 192 0.021* 0514 1021(0.960;1086)

\J

As becoming a highly competitive and successful chess player
requires extensive chess practice (3,000 to 23,600 hours)*, the
increased dedication and consequent proficiency in chess may
translate into lower care or inhibitory control regarding diet
quality®®. Indeed, our sample reported 6.3 hours of chess practice
per week, and Fornal-Urban et al. (2008) registered notoriously
greater values, with a weekly average of 11.5 hours (SD=6.4) for
high-ranked youth chess players™.

Additionally, given that most respondents in our sample had
college degrees, the most dedicated and professional chess
players may acknowledge glucose as the brain’s primary energy
source® and be aware of its potential nootropic qualities. Thus,
they might resort to sweet pastries, sugary confectionaries,
and soft drinks as sources of simple sugars to enhance their
performance in chess practice and competitions.

We theorize that highly cognitively demanding chess practice
may increase stress and anxiety, and decrease blood glucose
due to increased brain glucose consumption®, which may
increase cravings for carbohydrate-rich foods?, particularly on
competition days'.

Mediterranean Dietary Pattern

Besides affecting health and body composition, dietary
habits also influence cognition®. Existing literature suggests
that healthy dietary patterns correlate with optimum brain
performance®. Compared to a control diet, a meta-analysis of
randomized controlled studies found significant effect sizes (ES)
in favor of an MD for eight cognitive domains, including global
cognition (ES=0.24, 95%Cl=-0.00; 0.47), working memory
(ES=0.20, 95%CI=-0.02; 0.42), and executive function (ES=0.22,
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95%Cl=-0.04; 0.48)%2, which contribute to chess gaming
performance’.

According to the IAN-AF 2015-16 study, 15.7% of Portuguese
adults (18 to 64 years) have high, 50% moderate, and 34.3% low
adherence to the MD®. Our research uncovered slightly better
adhesion values. 16.7% of our sample was categorized with
high adherence to the MD, 58.9% as moderate, and 24.5% of
subjects had low compliance. Additionally, the IAN-AF 2015-16
survey found that 57% of Portuguese adults do not consume the
minimum amount of fruit and vegetables recommended by the
WHO (400 g/day)®. Our study revealed lower conformity to the
WHO recommendations: 75% of chess players ingested less than
5 portions a day, while only a quarter (25%) ingested at least that
amount.

Typically lowin nutrients and rich in added sugars, the ingestion of
soft drinks has been correlated to health-damaging weight gain®.
18.2% of our sample reported consuming one or more soft drinks
per day. In comparison, the prevalence of daily consumption of
2220 g of soft drinks in the IAN-AF 2015-16 inquiry was 15% for
adults??.

According to a meta-analysis, the risk of colorectal cancer
increases by 17% (95%Cl=5%; 31%) for 100 g of red meat and by
18% (95%CI=10%; 28%) for 50 g of processed meat consumed
daily®. The IAN-AF 2015-16 investigation determined that 25.5%
of Portuguese adults ingest more than 100 to 150 g of red meat
per day®. In contrast, our study registered notoriously higher
values (67.7%) for the daily consumption of 2100 to 150 g of red
or processed meat.

Dietary Supplements Consumption

A reference Portuguese population reported similar values for
frequency of DS consumption, with 29.2% of adults (18 to 64
years) admitting the use of DS®3, mainly multivitamin complexes
(37.8%)*. Additionally, 26% reported the same main motivation
for utilizing DS: “To lessen fatigue or enhance focus”?.

Although the employment status differed between those who
reported the intake of DS and those who did not, this result has
little relevance to practice as our total sample only included nine
unemployed individuals and also due to the existence of the
“Other” category.

Sedentarism and Physical Activity

Our sample averaged more than six daily hours (6.4; SD=0.2)
spent sitting, a slightly higher value than the 5.5 hours/day
reported in the IAN-AF 2015-16 study®. Sedentary activity
may negatively impact overall health as it raises the risk of
cardiovascular diseases, diabetes mellitus, malignancies, and

all-cause mortality®. In contrast, physical exercise correlates with
optimal cognitive performance® and it is reasonable to presume
that fitness training may also help to enhance chess-related
abilities including memory, cognitive processing speed, and fluid
intelligence?.

The IAN-AF 2015-16 survey revealed that only 271% of the
Portuguese adult population had a high level of physical activity,
while 30.6% had a moderate, and 42.3% had a low level®. In
comparison, our inquiry registered a higher prevalence of high
(45.8%) and moderate (33.3%) levels of physical activity in
chess players, with 64.1% adhering to the WHO Physical Activity
Recommendations?. Moreover, low, and moderate levels of
physical activity were negatively associated with fruit and
vegetable consumption, respectively, compared to high physical
activity levels.

Contrary to the anecdotal belief that esports contestants
are inactive, top-level esports competitors of various esports
titles have been documented to be physically active. A survey
conducted in Portugal, which applied the IPAQ-SF to 433 players
of a distinct esports title (EA SPORTS™ FIFA), reported even higher
percentages for “high” levels of physical activity (84.5%) while
reporting 12.9% for “moderate” and only 2.5% for “low” levels of
physical activity. Additionally, the median daily sitting time was
lower (5.3 hours) than ours?, and relatively similar to the mean
5.5 hours/day reported in the IAN-AF 2015-16 inquiry®.

IGD

IGD is associated with decreased mental health and poorer
healthy habits, including sedentarism, insufficient sleep, and
poor nutrition®. As our sample averaged 13.5 (SD=5.4) on the
IGD total score, it doesn’t seem affected by gaming disorder.
Although no respondent met the classification criteria for IGD, a
higher score was associated with a lower total PREDIMED score
and greater chances of non-compliance regarding fish or shellfish
consumption, which may suggest less concern about adhering
to an adequate dietary pattern due to greater dedication to the
game.

Lower educational levels are linked to lower income, shorter
longevity, unhealthy lifestyles, inactivity?®, and lower adherence
to the MD*°. The fact that most respondents (76.6%) had at least a
bachelor’s degree may partially explain why our sample reported
higher levels of physical activity and greater adherence to the MD
than those reported by the IAN-AF 2015-16 study?®3.

Limitations

This investigation carries intrinsic limitations. Significant bias
may have occurred due to users’ self-selection (volunteer effect),
and duplicate responses, submitting fraudulent information, or



Rev Esp Nutr Hum Diet. 2024, 28(2): 112 - 123

Sociodemographics, playing habits, adherence to the Mediterranean dietary pattern, dietary supplements intake, physical activity level,

and degree of Internet gaming disorder of Portuguese chess players

purposefully erroneous responses. The low number of female
respondents in our sample also limited comparisons between sexes.

‘ CONCLUSIONS

Portuguese chess players are predominantly male, with higher
education, belong to a medium-high socioeconomic stratum,
and practice chess for 6,3 hours/day on average. They exhibit an
approximate similar profile of BMI, MD adherence, DS intake, and
a higher physical activity level compared to a reference population.
However, they also register more daily hours spent sitting, a lower
consumption of fruit and vegetables, and a higher consumption
of red or processed meat. Higher IGD scores associated with a
lower adhesion to the MD and fish or shellfish consumption.
Greater Elo scores correlated with higher red and processed meat
consumption and a trend for lower vegetable ingestion. Moreover,
a higher number of hours of chess play per week related to greater
consumption of pastries and sweets. The most dedicated chess
players may be less concerned with maintaining a balanced diet
and may require supervision from health professionals. Additional
investigations are needed to clarify the influence of diet-related
variables and chess playing performance.
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) Correlacién entre CUN-BAE, indice de masa corporal y circunferencia de cintura en adultos chilenos:

Resultados de la Encuesta Nacional de Salud 2016-2017
RESUMEN

Introduccion: Dada la complejidad y costos para determinar el porcentaje de grasa corporal en humanos, se busca
establecer nuevas férmulas para determinar esta variable. La ecuacion CUN-BAE usa indicadores simples como
sexo e indice de masa corporal (IMC) para estimar el porcentaje de grasa corporal. El objetivo fue determinar el
grado de correlacién entre el porcentaje de grasa corporal, obtenido mediante ecuacién CUN-BAE, IMC y circunfe-
rencia de cintura (CC) en adultos chilenos pertenecientes a la muestra de los participantes de la Encuesta Nacional
de Salud (ENS) 2016-2017.

Metodologia: Se incluyeron 5.583 participantes de la ENS 2016-2017, en quienes se obtuvieron medidas antropo-
métricas para determinar IMC, estado nutricional y CC. Se determind el porcentaje de masa grasa segun la ecuacién
CUN-BAE. La correlacién entre IMC, CC y CUN-BAE se analizé mediante el coeficiente de correlacién de Pearson (r).

Resultados: EI IMC y el porcentaje de masa grasa segun ecuacion CUN-BAE presentaron una fuerte correlacién
tanto en hombres (r=0,924, p<0,0001) como en mujeres (r=0,929, p<0,0001). Las mujeres presentaron una co-
rrelacién mds alta entre CUN-BAE e IMC y CC que los hombres. En el caso de la correlacién entre CC y porcentaje
de masa grasa corporal segiin CUN-BAE también se logré observar una fuerte correlacién tanto para hombres
(r=0,817, p<0,0001) como muijeres (r=0,812, p<0,0001).

Conclusion: La ecuacién CUN-BAE para determinar el porcentaje de grasa corporal presenta una fuerte correlacién
con respecto a IMCy CC. Se requieren de otras investigaciones que evallen la capacidad predictora de enfermeda-
des crénicas no transmisibles de CUN-BAE en poblacién chilena.

> Correlation between CUN-BAE, Body Mass Index, and Waist Circumference in Chilean Adults:

Analysis of data from the 2016-17 Chilean National Health Survey
ABSTRACT

Introduction: Given the complexity and costs involved in measuring body fat percentage in humans, there is a quest
to establish new methods for determining this variable. The CUN-BAE equation utilizes simple indicators such as sex
and Body Mass Index (BMI) to estimate body fat percentage. The objective was to determine the degree of correlation
between the percentage of body fat obtained through the CUN-BAE equation, BMI, and waist circumference (WC) in
Chilean adults from the interviewed sample of the National Health Survey (CNHS) 2016-2017.

Methodology: 5,583 participants of the CNHS 2016-2017 were included, where specific anthropometric
measurements were taken to determine BMI, nutritional status, and WC. In addition, the percentage of fat mass
was determined according to the CUN-BAE equation. The correlation between BMI, WC, and CUN-BAE was analyzed
using the Pearson correlation coefficient (r).

Results: BMI and percentage of fat mass according to the CUN-BAE equation presented a strong correlation both
in men (r=0.924, p<0.0001) and women (r=0.929, p<0.0001). Women presented a higher correlation between
CUN-BAE and BMI and WC than men. In the case of the correlation between WC and percentage of body fat mass
according to CUN-BAE, a strong correlation was also observed for both men (r=0.817, p<0.0001) and women
(r=0.812, p<0.0001).

Conclusions: The CUN-BAE equation to determine the percentage of body fat has a strong correlation with
respect to BMI and WC. Further studies are required to evaluate the predictive capacity of CUN-BAE for chronic
noncommunicable diseases in the Chilean population.

1. El exceso de grasa corporal estd ligado al desarrollo de comorbilidades.
2. CUN-BAE es una ecuacién predictiva de facil aplicaciéon para determinar el % de masa grasa.

3. En la poblacién chilena hay una correlacion positiva de CUN-BAE con IMC y CC.
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‘ INTRODUCCION

La obesidad se define como el almacenamiento anormal o ex-
cesivo de grasa corporal y se reconoce como una enfermedad
crénica y multifactorial que alcanzé proporciones de pandemia a
nivel mundial®. Se estima que cada afio se suman 3,6 millones de
personas obesas en el mundo? En el caso de Chile, el sobrepeso y
obesidad afectan a mds del 70% de la poblacién?, posicionandolo
como el segundo pais de América Latina con mayor prevalencia
de obesidad y factores de riesgo cardiovasculares®. Para el afio
2030, se proyecta una prevalencia de obesidad en Chile del 33%>.

El exceso de grasa corporal se relaciona con diversas enfermeda-
des crénicas, como diabetes tipo 2, hipertensién arterial, dislipide-
mias, sindrome metabdlico y cancer, entre otras®’. Estas patolo-
gias estan asociadas con la inflamacién sistémica provocada por
el aumento de adipocinas y hormonas sintetizadas por los adipo-
citos y macroéfagos del tejido adiposo, asi como la hiperactividad
del sistema nervioso central y la secrecién de insulina, causados
por el exceso de acumulacién de grasa en el organismo® Es por
esta razén que el diagnostico de sobrepeso u obesidad es funda-
mental para prevenir el desarrollo de dichas enfermedades®.

En la practica clinica, el diagnéstico de obesidad se determina
de manera habitual utilizando el indice de masa corporal (IMC)®,
que es un indicador de nutricién global, que no diferencia entre
los componentes corporales de masa grasa y masa muscular,
pero sigue siendo utilizado debido a su facilidad de utilizacién en
contextos clinicos y de atencién primaria’. Este indice se comple-
menta con otras mediciones antropométricas, como la circunfe-
rencia de cintura (CC) y la absorciometria de rayos X de energia
dual (DEXA), esta dltima considerada el gold standard para anali-
zar la composicién corporal en humanos?*3,

Dado que la utilizacién de técnicas mas precisas para medir la
grasa corporal puede ser costosa y de dificil acceso es que se
continda trabajando en nuevas formas para determinar el por-
centaje de grasa corporal total y de ese modo, complementar
el diagnostico basado en el IMC. Un ejemplo es la féormula CUN-
BAE (Clinica Universidad de Navarra-Body Adipocity Estimator), una
ecuacién predictiva de facil aplicacién, que permite determinar el
porcentaje (%) de masa grasa basdndose en indicadores faciles
de obtener, como sexo e IMC, sin necesitar tecnologia sofistica-
dat“ Esta férmula ha mostrado ser Gtil para identificar altos nive-
les de adiposidad corporal en sujetos adultos considerados del-
gados y con sobrepeso®. Lo anterior puede ser Util para detectar
falsos delgados o delgados metabdlicamente obesos, los cuales
presentan altos riesgos de desarrollar enfermedades crénicas no
transmisibles (ECNT) al no mantener un control médico por la fal-
sa apariencia de su estado nutricional®. También se ha postulado
como un fuerte predictor de diabetes en la practica clinica’.

En este contexto, el objetivo fue determinar el grado de correla-
cién entre el porcentaje de grasa corporal, obtenido mediante
ecuacion CUN-BAE, el IMC y la CC en adultos chilenos pertene-
cientes a la muestra de los participantes de la Encuesta Nacional
de Salud (ENS) 2016-2017.

‘ METODOLOGIA

Disefio y muestra del estudio

Se realiz6 un estudio de prevalencia tipo transversal aleatorio,
estratificado por conglomerado, utilizando la base de datos de la
ENS 2016-2017. La poblacién de estudio fue de 6.233 personas
chilenas y/o extranjeras de 15 afios o mds que residian de forma
habitual en viviendas particulares, localizadas en zonas urbanas
y rurales de las quince regiones de Chile. Este estudio incluyd
una muestra total de 5.583 personas, que contaban con datos de
medidas antropométricas especificas como peso corporal, talla 'y
CC para determinar IMC y estado nutricional, ademas de la reco-
leccién de variables sociodemograficas con el fin de caracterizar
a la poblacion. Para ponderar la muestra a poblacién nacional, se
aplicaron los factores de expansion sugeridos por la ENS 2016-
2017, por lo tanto, la muestra expandida incluida en este estudio
representa a 14.449.868. El protocolo de la ENS 2016-2017 fue
aprobado por el Comité de Etica de la Escuela de Medicina de la
Pontificia Universidad Catolica de Chile y todos los participantes
firmaron un consentimiento informado.

Medidas antropométricas

La medicién de peso, talla corporal y CC fueron determinados se-
gln métodos estandarizados previamente descritos. El estado
nutricional de los participantes se obtuvo segun las recomenda-
ciones de la Organizacién Mundial de la Salud (OMS) para adul-
tos?®. La obesidad central se determiné utilizando el valor de CC
y se clasifico de acuerdo a los criterios de la OMS para mujeres
(>80 cm) y hombres (>90 cm)*8,

Composicion corporal

El porcentaje de grasa corporal se determiné segln la ecuacién
CUN-BAE propuesta por Gomez-Ambrosi et al.X:

%GC= -44988 + (0,503 x edad) + (10,689 x sexo)
+ (3,172 x IMC) - (0,026 x IMC2) + (0,181 x IMC x sexo)
- (0,02 x IMC x edad) — (0,005 x IMC2 x sexo)
+(0,00021 x IMC2 x edad)

En donde el sexo se codifica de manera diferente para hombres
(=0) y mujeres (=1) y la edad se considera en afos. La clasificacién
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del estado nutricional segln el porcentaje de grasa corporal se
categoriz6 como normal en <30% en mujeres y <20% en hom-
bres, sobrepeso del 30 al 35% en mujeres y del 20 al 25% en
hombres, y obesidad en >35% en mujeres y 25% en hombres.

Variables sociodemograficas y de estilos de vida

Las variables sociodemogrdficas utilizadas para este estudio
fueron edad en afos, las que fueron clasificadas en tres cate-
gorias: <37 afios, 37-56 afios y 257 afios; zona geografica clasi-
ficada en dos categorias como urbano y rural; nivel educacional
que fue clasificado en 3 categorias segin afios cursados: <8
afos, 9- 12 afios y >12 afos y ocupacion clasificado en cuatro
categorias: trabajador (a), duefa o duefio de casa, estudiante,
jubilado u otro. Todas las variables fueron recopiladas a través
de los cuestionarios estandarizados y validados en la poblacién
nacional segln protocolos descritos en la ENS 2016-2017%.

Los datos relacionados con los estilos de vida fueron obtenidos
a través de autorreporte de salud y bienestar, horas de suefio
al dia, habito tabdquico, LifeStyle Score full y el cumplimiento de
las Guias Alimentarias Basadas en Alimentos (GABA) para la po-
blacién chilena?2, Los niveles de actividad fisica y su intensidad
fueron reportados mediante el cuestionario Global Physical Acti-
vity Questionnaire (GPAQ v2)?2 La actividad fisica total fue expre-
sada en MET/min/dia y evaluada en 3 dimensiones, incluyendo
la suma del tiempo reportado en actividades de transporte, en
el trabajo y tiempo libre.

Analisis estadistico

Todos los andlisis fueron realizados mediante la aplicacién de
un valor de ajuste sugerido por la ENS 2016-2017 para mues-
tras complejas, lo cual permite corregir las caracteristicas de la
poblacién encuestada a las caracteristicas representativas de
la poblacion nacional. Se realizé la caracterizaciéon de la mues-
tra estudiada a través de andlisis descriptivos como promedios
para variables continuas y como proporcién para variables ca-
tegoéricas, con un intervalo de confianza (IC) del 95%, agrupa-
dos por sexo y clasificacién de porcentaje de masa grasa seguln
CUN-BAE.

Se evalud la correlacién entre las medidas estudiadas (IMC, CC
y CUN-BAE), utilizando el coeficiente de correlaciéon de Pearson
(r) con su respectivo IC del 95%. Como variables categoéricas se
analizaron la distribucién del IMC, CC y CUN-BAE a través de
estadistica descriptiva. Ademds, se compararon las distribu-
ciones de los individuos segun la categorizacién de adiposidad
descritos anteriormente. Para evaluar el grado de correlacion
entre las dos formas de clasificacién se calculé el coeficiente
del indice Kappa ponderado (IC95%). Todos los analisis fueron
estratificados por sexo.

Los datos se analizaron utilizando el software STATA MP v14 y
el comando de “svyset” para muestras complejas. El nivel de
significancia utilizado fue definido como p<0,05.

‘ RESULTADOS

Las caracteristicas sociodemograficas de los participantes se-
gun sexo y clasificacién de porcentaje de grasa segin CUN-
BAE se identifican en la Tabla 1. En general, se destaca que
el promedio de edad entre mujeres y hombres con obesidad
fue de 25,2 afios, mayor que el promedio de los individuos
clasificados como normopeso (22,1 afios). EI IMC promedio de
los individuos clasificados con obesidad segin CUN-BAE fue
de 31,0 kg/m? en mujeres y 30,2 kg/m? en hombres. Si nos re-
ferimos a variables sociodemograficas podemos destacar que
el mayor porcentaje de individuos eran pertenecientes a dreas
urbanas mds que rurales. También, hay que resaltar que el
mayor porcentaje de participantes normopeso eran solteros
(83,9%), mientras que el mayor porcentaje de participantes
obesos eran casados (43,5%). En cuanto a las variables re-
lacionadas con el estilo de vida, todas las categorias segun
CUN-BAE se clasifican mayormente como activos. En lo que
se refiere al bienestar y estilo de vida, el mayor porcentaje de
los participantes catalogados como normopeso reportaron un
buen estilo de vida, al igual que los participantes clasificados
como sobrepeso. Sobre el puntaje de estilo de vida, los partici-
pantes con sobrepeso y obesidad, tanto hombres como muje-
res, se observé en mayor porcentaje dentro de la catalogacion
“bajo-medio”. Segun la variable multimorbilidad, el mayor
porcentaje de participantes sin enfermedades, tanto hombres
como mujeres, eran normopeso; por el contrario, entre mayor
ndmero de enfermedades presentes en los participantes, se
observaron mayores porcentajes de obesidad segiin CUN-BAE,
tanto en hombres como mujeres.

En la Figura 1A, se representa la distribucion del procentaje de
grasa mediante la formula CUN-BAE segln sexo. En mujeres,
el mayor porcentaje se encontraba entre el 40 y el 46% de
masa grasa, y en hombres entre el 27 y el 35%. En la Figura
1B se representa la distribucién por sexo y edad del porcen-
taje de masa grasa corporal seqgin CUN-BAE. En hombres, se
observé un aumento lineal de los niveles de masa grasa hasta
alcanzar los 70 afios y posteriormente se presenta un declive.
En comparacién a los hombres, en las mujeres se observo un
mayor porcentaje de grasa corporal segin CUN-BAE en todas
las edades con un declive a contar de los 80 afios.

En la Figura 2A se representa la correlacion entre el IMC y por-
centaje de masa grasa segin CUN-BAE, en hombres (r=0,924,
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~

Obesidad

Multimorbilidad (%)

41,4 (37,0;45,8)

Ninguna

25,3 (21,8;29,3)

1 enfermedad

15,9 (13,0;19,4)

2 enfermedades

3 enfermedades

4 enfermedades

5 0 mas enfermedades

\

Datos presentados como media y su 95%IC para variables continuas y como porcentaje (%) y su 95%IC para variables categdricas.
Todos los valores fueron corregidos por el factor de expansion sugerido por la ENS 2016-2017. El nivel de significancia fue definido como p<0,05.

ICM: [ndice de masa corporal; CC: Circunferencia de cintura.

p<0,0001) y en mujeres (r=0,929, p<0,0001). En la Figura 2B se re-
presenta la correlacién entre CC y porcentaje de masa grasa corporal
segin CUN-BAE, en hombres (r=0,817, p<0,0001) y mujeres (r=0,812,
p<0,0001).

En la Figura 3 se muestra la clasificacién de sujetos segin IMC y
porcentaje de masa grasa corporal segin CUN-BAE. El 68,1% de los
normopeso segun IMC clasificé con malnutricién por exceso segln
CUN-BAE; el 10,4% con sobrepeso por IMC clasific6 como sobrepeso
segin CUN-BAE y el 100% de personas con obesidad segtn IMC cla-
sificé como tal segin CUN-BAE. Al estratificar por sexo se observé el
mismo patrén, siendo las mayores diferencias entre IMC y CUN-BAE
en mujeres, mostrando solo el 24,0% y 5,8% de concordancia entre las
clasificaciones de normopeso y sobrepeso, respectivamente, siendo en
hombres de 44,3% y 17,2%.

‘ DISCUSION

El exceso de grasa corporal esta estrechamente ligado al desarrollo de
comorbilidades crénicas como enfermedades cardiovasculares, diabe-
tes y algunos tipos de cancer’?. Consecuentemente, se justifica estu-
diar diferentes técnicas de deteccién temprana de exceso de grasa en
el organismo, con el fin de prevenir el desarrollo de dichas patologias.
Segun nuestro conocimiento, este estudio es el primer acercamiento
que explora cémo se distribuye en la poblacién chilena el porcentaje
de grasa segun la ecuacién CUN-BAE y como se correlaciona con me-
diciones antropométricas ampliamente utilizadas como el IMCy CC.

Asi como era de esperar, la distribucién del porcentaje de grasa corpo-
ral en nuestra poblacién, seqgin CUN-BAE, fue mayor en las mujeres
en comparacién a los hombres. Nuestros resultados concuerdan con
el estudio desarrollado por Davila-Batista et al?* en adultos espafio-
les donde, analizando la distribucién del porcentaje de grasa segln
CUN-BAE, observaron mayor porcentaje de grasa corporal en mujeres
(34,4%) que en hombres (27,4%). También en poblacién adulta espa-
fiola Ares Blanco et al?* reportaron un patrén similar, 30,6% en mu-
jeres y 28,6% en hombres, al igual que Vinknes et al?® en poblacién
noruega, 37,9% en mujeres 'y 27,3% en hombres.

En cuanto a la correlacién entre el porcentaje de grasa corporal, ob-
tenido mediante ecuacién CUN-BAE, con IMC y CUN-BAE con CC, se
obtuvo una correlacién positiva y fuerte (r>0.8) en ambos casos, tanto
en hombres como en mujeres. En 994 adultos espafioles, Mill-Ferreyra
et al.¥”’ observaron una correlacién similar entre CUN-BAE e IMC, con un
r=0,947 para mujeres y r=0,952 para hombres. Davila-Batista et al.?®
en adultos espafioles entre 50 y 85 afios observaron una correlacién
similar entre CUN-BAE e IMC, con un coeficiente de Pearson’s mayor a
0,96 en ambos sexos. En otro estudio espafiol, Martin et al?® observa-
ron una correlacién superior a 0,88 en ambos sexos. Para CUN-BAE y
CC, Davila-Batista et al.® mostraron una correlacion mayor en mujeres
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de masa grasa corporal segin CUN- BAE.

A Hombres B

Ggura 1. A) Distribucién por sexo del porcentaje de masa grasa corporal segiin CUN-BAE. B) Distribucién por sexoy edad del porcentaje\
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(r=0,768) que en hombres (r=0,756), patrén similar a nuestros
resultados, con una correlacién levemente mayor para ambos
Sexos.

Mediante la clasificaciéon de sujetos segin IMC y porcentaje de
masa grasa corporal segin CUN-BAE, nuestros resultados arro-
jaron que el 68,1% de los participantes clasificados como normo-
peso segun IMC presentarian sobrepeso y obesidad, pudiéndose
clasificar a estos sujetos como delgados metabdlicamente obe-
sos. Ares Blanco et al?®, en su poblacién de estudio, reporta un
30,5% de los normopeso segun IMC y solo el 6,5% segin CUN-
BAE. Al analizar por sexo, se observé que las mujeres reportaban
mayores diferencias al igual que nuestros resultados. La misma
tendencia se reporta en el estudio de Davila-Batista et al.* donde
el 69,6% clasifica como normopeso segun IMC y el 2,1% segln
CUN-BAE. Este panorama refleja una concordancia limitada en-
tre la clasificacion de normopeso segin IMC y la establecida por
CUN-BAE, especialmente en el caso de las mujeres, lo que sugie-
re la existencia potencial de una considerable cantidad de indivi-
duos falsamente delgados o metabdlicamente obesos dentro de
la poblacién chilena.

La principal fortaleza de este trabajo es el uso de la base de datos
de la ENS 2016-2017, encuesta que utiliza formularios estanda-
rizados para la recopilacion de los datos de interés, permitiéndo-
nos que la muestra represente a la poblacién chilena de manera
homogénea. Ademds, esta investigacion es uno de los primeros
acercamientos en el estudio sobre el uso de la férmula CUN-BAE
en poblacién chilena y abre camino hacia su uso en la prediccion
de riesgo de ECNT en esta dicha poblacién. Como limitacién se
puede mencionar la falta de una tercera variable que evaluara la
concordancia entre CUN-BAE y niveles de masa grasa determi-
nados por DEXA. Otra limitacion es no diferenciar a las personas
chilenas de las extranjeras en el estudio lo cual podria influenciar
la capacidad predictiva de CUN-BAE para masa grasa en pobla-
ciones de diferente etnia.
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KFigura 2. A) Correlacién entre el indice de masa corporaI\
(IMC) y el porcentaje de grasa corporal segin CUN- BAE
estratificada por sexo. B) Correlacion entre la circunferencia
de cintura (CC) y el porcentaje de grasa corporal seqiin CUN-
BAE estratificada por sexo.
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‘ CONCLUSIONES

Este estudio establece que el porcentaje de grasa corporal ob-
tenido mediante ecuacién CUN-BAE presenta una correlacion
positiva con el IMC y la CC en la poblacién adulta chilena, lo
que lo convierte en una herramienta diagnéstica Gtil y facil para
estimar el porcentaje de grasa corporal. Al estratificar por sexo,
se observé una correlacién ligeramente mayor en mujeres que
en hombres en ambas variables. Sin embargo, se requieren mds
investigaciones para evaluar la efectividad de la aplicacién de
CUN-BAE y su utilidad especifica en la poblacién chilena para
determinar el exceso de grasa corporal en adultos y, asi, pre-
venir el desarrollo de ECNT. Dado el actual panorama de preva-
lencia de estas enfermedades en nuestro pais, es fundamental

KFigura 3. Clasificacion de sujetos segun IMC y porcentaje\

de masa grasa corporal segin CUN-BAE para el total y
estratificado por sexo.
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El sobrepeso se definié como % Masa grasa entre 20,1-24,9% en
hombres o entre el 30,1% y el 34,9% en mujeres, o un IMC entre 25,0%
y 29,9 kg/m?. La obesidad se definié como % Masa grasa <25,0% en
hombres o <35,0% en mujeres, o IMC <30,0 kg/m?



Rev Esp Nutr Hum Diet. 2024, 28(2): 124 - 134

Correlacion entre CUN-BAE, indice de masa corporal y circunferencia de cintura en adultos chilenos:

Resultados de la Encuesta Nacional de Salud 2016-2017

continuar investigando nuevas técnicas para llevar a cabo pes-
quisas preventivas y abordar de manera temprana el desarrollo
de estas patologias.
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) Consumption of ultra-processed foods and relationship with sodium and potassium excretion:
a cross-sectional study

Introduction: Higher consumption of ultra-processed foods (UPF) had been associated with higher risk of non-

communicable diseases (NCD) and NCD-promoting nutrient profile such as high sodium content and low potassium

content. The objective of the study was to evaluate the level of food processing according to the NOVA classification
Food Processed; and its relationship with sodium and potassium intake estimated by 24-hour urinary excretion.

Methodology: This is a cross-sectional study. Data collection included 107 workers from a public university (51.4%
female; mean age 47 years) participating in an iMC SALT clinical trial. A 24-hours urinary collection was used to
Potassium. estimate sodium and potassium intake, validated by the creatinine coefficient. The corresponding 24-hours dietary
recall was used to assess food intake and foods were categorized using the NOVA classification according to the
degree and purpose of processing, into four groups. Nutri-Score was also used to categorize UPF and provide more
information about the nutritional quality of products.

Sodium;

Results: The largest energy contribution came from the group of unprocessed or minimally processed foods (51.6%),
followed by UPF (24%), processed foods (21.8%) and processed culinary ingredients (2.6%). Individuals with the lowest
caloric contribution of the consumption of UPF had higher average values of potassium (K) intake (1438 vs 1136
mg/1000 kcal; p=0.007), as individuals with the highest weight contribution of the consumption of unprocessed or
minimally processed foods (1434 vs 1109 mg/1000 kcal; p=0.010). For sodium (Na) intake no significant results were
found between individuals with the lowest and the highest consumption of each NOVA group.

Conclusions: Higher consumption of fresh or minimally processed foods and lower UPF intake were associated
with higher K intake values. On the other hand, higher UPF intake was not associated with higher Na intake values.
Funding: This work was supported by Fundacdo para a Ciéncia e Tecnologia by Grant POCI-01-0145-FEDER-029269)
and by the European Regional Development Fund (ERDF) through NORTE 2020 (Northern Regional Operational
Program 2014/2020) - NORTE-01-0145-FEDER-072687.
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) Consumo de alimentos ultraprocesados y relacion con la excrecion de sodio y potasio:

un estudio transversal

RESUMEN

Introduccién: Un mayor consumo de alimentos ultraprocesados (UPF) se ha asociado con un mayor riesgo de enfer-
medades no transmisibles (ENT) y un perfil de nutrientes que promueve las ENT, como un alto contenido de sodio
y un bajo contenido de potasio. El objetivo del estudio fue evaluar el nivel de procesamiento de los alimentos segin
la clasificacién NOVA'y su relacién con la ingesta de sodio y potasio estimada por la excrecién urinaria de 24 horas.

Metodologia: Este es un estudio transversal. La recopilacién de datos incluyé a 107 trabajadores de una universi-
dad publica (51,4% muijeres; edad media 47 afios) que participaron en un ensayo clinico iMC SALT. Se utilizé una
muestra de orina de 24 horas para estimar la ingesta de sodio y potasio, validada por el coeficiente de creatinina.
Se utiliz6 el correspondiente recordatorio dietético de 24 horas para evaluar la ingesta de alimentos y los alimen-
tos se clasificaron mediante la clasificacién NOVA segun el grado y finalidad de procesamiento, en cuatro grupos.
Nutri-Score también se utilizé para categorizar UPF y proporcionar mds informacién sobre la calidad nutricional
de los productos.

Resultados: El mayor aporte energético provino del grupo de alimentos no procesados o minimamente procesados
(51,6%), seguido de UPF (24%), alimentos procesados (21,8%) e ingredientes culinarios procesados (2,6%). Los indi-
viduos con menor aporte caldrico del consumo de UPF tuvieron mayores valores promedio de ingesta de potasio (K)
(1438 vs. 1136 mg/1000 kcal; p=0,007), que los individuos con mayor aporte de peso del consumo de alimentos no
procesados o0 minimamente procesados. (1434 vs. 1109 mg/lOOO kcal; p=0,010). Para la ingesta de sodio (Na) no
se encontraron resultados significativos entre los individuos con el consumo mas bajo y alto de cada grupo NOVA.

Conclusiones: Un mayor consumo de alimentos frescos o minimamente procesados y una menor ingesta de UPF se
asociaron con mayores valores de ingesta de K. Por otro lado, una mayor ingesta de UPF no se asocié con mayores
valores de ingesta de Na.

Financiacion: Este trabajo fue apoyado por la Fundagao para a Ciéncia e Tecnologia mediante la subvencién POCI-
01-0145-FEDER-029269) y por el Fondo Europeo de Desarrollo Regional (FEDER) a través de NORTE 2020 (Progra-
ma Operativo Regional del Norte 2014/2020) - NORTE- 01-0145-FEDER-072687.

1. Individuals who consume more fresh and minimally processed foods had higher average
potassium intake values.

2. A sample of adult university workers shows a high consumption of ultra-processed foods.

3. Sample of adult university workers does not meet WHO recommendations for sodium (in

excess) and potassium (in deficit) intake.

Anjos |, Silva-Santos T, Moreira P, Padrao P, Pinho O, Goncalves C. Consumption of ultra-processed foods and relationship
with sodium and potassium excretion: a cross-sectional study. Rev Esp Nutr Hum Diet. 2024; 28(2): 135-44.
doi: https://doi.org/10.14306/renhyd.28.2.2140
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‘ INTRODUCTION

The consumption of ultra-processed food (UPF) has increased
globally during the last decades”. These products are
displacing healthy dietary patterns based on meals prepared
from unprocessed or minimally processed foods and culinary
ingredients®.

A food classification according to level and extent of processing is
a complement to current food classifications systems and gives
us new insight into current dietary patterns. Several methods
to group foods according to their processing level have been
proposed?®. The NOVA classification developed by researchers
from the University of S3o Paulo® was already studied to explore
the relation between food processing and health® The NOVA
classification categorizes food and food products into four
distinct groups (unprocessed or minimally processed foods,
processed culinary ingredients, processed foods and UPF and
drink products) according to the nature, extent and purpose of
the industrial processing™.

A great part of actual diets includes UPF, which are associated
with unbalanced nutritional intakes, strongly associated with
non-communicable diseases (NCD)-promoting nutrients: a higher
content of total fat, saturated fat, added sugar, energy density,
and sodium and lower in NCD-protective nutrients: fibre and
potassium®®.

The consumption of UPF is a matter of concern in the nutritional
quality of the diet and long-term health impacts. The evidence
has shown that a high dietary intake of UFP is associated with
multiple adverse health outcomes and NCD’. It is particularly
significant, since the prevalence of diet-related chronic NCD,
such as obesity, type Il diabetes, hypertension and cancer, is
increasing worldwide®.

Several observational studies have showed that higher
proportions of UPF in the diet is associated with higher incidences
of coronary heart and cerebrovascular diseases® as well as with a
higher risk of hypertension.

Globally sodium intakes are commonly in excess. High levels
of dietary sodium are highly associated with increased blood
pressure and total CVD mortality Hypertension-related CVD
is a leading cause of mortality and morbidity worldwide®. In
addition, potassium intake may have some cardiovascular
protective effect. The evidence has shown that increasing current
potassium to recommended levels may lower blood pressure??.
The urine sodium-potassium ratio (Na/K ratio) is also considered
an important measure as it has been shown to be more strongly
associated with blood pressure outcomes than sodium or
potassium alone®,

The objective of the study was to evaluate the level of food
processing according to the NOVA classification and its
relationship with sodium and potassium intake estimated by
24-hours urinary excretion.

‘ METHODOLOGY

Study Population

Cross-sectional study, carried out with the convenience sample
from the baseline assessment of the iMC SALT study, a clinical
study that began in 2019 and ended in September 2020. The
study methodology has already been published in a protocol®.

Participants were recruited from the staff of one public Portuguese
university in annual occupational health appointment carried out
by the doctor responsible for the appointment.

The same eligibility criteria as the clinical study were used in this
study. The following were the eligibility criteria used by the doctor
responsible for the occupational health appointment: adult
(>18 vyears), frequently eats home- cooked meals (more than
4 days a week and at least 3 Sundays per month), one annual
occupational health appointment at the hospital and reports
motivation to control dietary salt consumption. The following
were the exclusion criteria: pregnant, with hypotension, kidney
disease, active infection that impacts renal function, urinary
incontinence, acute coronary syndrome, severe liver disease or
heart failure, not using salt for cooking, and staff member of the
faculty that promotes the study™.

Baseline data collection included 114 participants, however the
sample used for this study has 107 participants (female 51.4%;
mean age 47 years), since 7 participants were excluded due to
invalid urine collection.

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of
Centro Hospitalar de Sdo Jodo (Approval Code: 11/2019, Approval
Date: 15 February 2019).

Sociodemographic and anthropometric variables

Sociodemographic characteristics (gender, age and education)
were assessed using the sociodemographic questionnaire based
on the WHO STEPS questionnaire and participant then undergoes
anthropometric measurements.

All measurements were performed with participants wearing
light clothing and without shoes, body composition (body mass
index (BMI) and weight) were assessed using Tanita MC180MA
body composition analyser (Tanita, Illinois, USA).
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Sodium and potassium variables

Sodium and potassium were assessed trough a 24-hours urinary
collection (by indirect potentiometry), validated by the coefficient
of creatinine. Samples were excluded when creatinine (mg/day/
kg) was <10.8 and >25.2 in women and <14.4 and >33.6 in men®.

Participants received instructions to start the 24-hours urinary
collection the day before the baseline assessment and maintain
their usual dietary and physical activity patterns. The first
morning urine was discarded and afterwards all the urine were
collected in an appropriated container during the entire day,
during the night and including the first morning urine when
getting up on the following day.

Dietary variables

Dietary intakes referring to the day of urine collection were
collected using one 24-hours dietary recall administrated by
trained researchers using a photographic book and household
measures to quantify portion sizes'®.

The nutritional composition of the 24-hours dietary recall was
assessed using an adapted Portuguese version of the nutritional
analysis software Food Processor Plus (ESHA Research Inc.,
Salem, OR, USA). Then the food and beverage items were
categorized using the NOVA classification according to degree
and purpose of processing, into four groups: unprocessed and
minimally processed foods, processed culinary ingredients,
processed foods and UPF4,

The first NOVA group is of unprocessed or minimally processed
foods include the natural edible food parts of plants, animals,
fungi, algae and water. The processes they normally undergo
have the main purpose of preservation®.

The second NOVA group is of processed culinary ingredients
derived directly from nature or from group 1 food by pressing,
refining, grinding, milling, and spray drying. They are typically
used to prepare, cook or season unprocessed or minimally
processed foods. Generally, in these group quantities are
underestimated due to the difficulties that participants have in
estimating the amounts used for cooking and most often report
meals without specifying the ingredients of the recipe or report
the consumption of ready-to-eat meals and away from home
meals. The culinary ingredients included in this category were
mainly sugar and butter. Discretionary salt was not included
since it was not reported.

The third NOVA group is of processed foods, these are usually
made by adding ingredients from the second group to foods
from the first group to increase the durability or palatability®.
Some foods included in this group were breads, cheeses, canned
fish, beer, cider and wine.

The fourth NOVA group is of UPF and drink products, these
are industrial formulations made from processed substances
extracted or refined from whole foods and additives, with a
small proportion or even no group 1 foods'**. These products
are attractive, convenient, hyper-palatable, cheap, ready-
to-consume or to heat, have a long shelf-life, and are highly
competitive with foods that are naturally ready to consume
and freshly prepared mealst?* Ingredients only found in UPF
include additives whose purpose is to imitate sensory qualities
(e.g. ice-cream, chocolate, candies margarines and spreads,
cookies).

Whenever possible, the standardised recipes from Portuguese
table of food composition” were used to identify and
disaggregate homemade food preparations and applied the
NOVA classification to the ingredients. In case of doubt, the food
preparation was categorised according to the main constituent
ingredient.

The Nutri-Score a five colour (from green/A to red/E) front-of-
pack labelling system, was used to categorize UPF to provide more
information on the nutritional quality of products. Participants
without consumption of UPF and with the consumption of
alcoholic beverages (more than 1.2% alcohol) were excluded from
this classification, since Nutri-Score does not apply to alcoholic
drinks containing more than 1.2% alcohol®®.

Nutri-Score converts the nutritional value of the food and
beverages into a score, which represents the balance between
the content in nutrients to limit (calories, saturated fat, sugars
and sodium) and the content in nutrients to encourage (fibre,
proteins, nuts, fruit and vegetables). The Open Food Facts?® (a
collaborative and open database of food products) was used to
categorize food and beverages from green/A (better profile) to
red/E (worst profile). When it was not possible to have access to
the food or beverage brand, products were categorised according
to most common classification for that group food. Artisanal
preparations that were UPF, were categorized using a Nutri-
Score calculation tool2,

Statistical analysis

For each participant, the proportion of unprocessed and minimally
processed foods, processed culinary ingredients, processed foods
and UPF in total energy (%kcal/day) and in total weight (%g/day)
of food and beverages consumed was calculated. The use of these
proportion of caloric and weight contribution of each NOVA group
allows us to assess the quality of the diet, since it reduces the
differences in the total energy and weight consumed between
individuals. Additionally, participants for each NOVA group were
split into two groups (lowest and highest intakes) by the median.
For each participant, the proportion of each Nutri-Score group in
total energy of UFP was calculated.
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The Kolmogorov-Smirnov test was used to assess the assumption
of normality. Independent Sample T-test or Mann-Whitney U test
were performed to compare continuous variables.

To analyse the association between sodium and potassium
excretion and the NOVA classification, multiple linear regression
was performed, with 95% confidence intervals.

Data were analysed using IBM SPSS Statistics, Version 27. A
p-value <0.05 was considered to indicate statistical significance.

‘ RESULTS

Descriptive characteristics of the sample (n=107) are presented
in Table 1, 51.4% were women, mean age was 47.4 (10.4) (range
24-69) years, mean BMI was 259 (3.9) kg/m? mean energy
consumption was 2196+756 kcal and mean weight consumption
2903 (948) g.

The education level was similar in both sexes, 90.4% of male and
83.6% female have university level of education.

On average, 24-hours urinary sodium excretion was 3244 (1329)
mg/day (corresponding to average 8.25 g of salt), 24-hours
urinary potassium excretion was 2654 (760) mg/day and Na/K
ratio was 2.2 (1.0).

The largest energy and weight contribution came from the
minimally processed foods group (51.6% and 81%, respectively),
followed by UPF (24% and 10.1%, respectively), processed foods
(21.8% and 8.6%, respectively) and processed culinary ingredients
(2.6% and 0.3%, respectively).

As shown in Table 2 individuals with the lowest caloric contribution
of UFP to daily intake had higher average values of potassium
excretion (mg/1000 kcal) (p=0.007). To sodium and ratio sodium-
potassium was not found significant differences between the UPF
bigger and lower eaters.

In Table 3 are presented the contribution of NOVA groups in
weight, individuals with the highest weight contribution of the
consumption of unprocessed or minimally processed foods had
higher average values of potassium excretion (mg/1000 kcal)
(p=0.010) and individuals with the lowest weight contribution of
the consumption of processed culinary ingredients had higher
average values of potassium excretion (mg/day) (p=0.009).

Table 4 presents the possible degrees of processing of the
NOVA classification associated with the excretion of sodium and
potassium.

Potassium excretion was associated with the consumption of fresh
or minimally processed foods (8=0.205, 95%C|=0.012-0.327).

Multiple linear regression analyzes indicated that all other
possible degrees of processing of the NOVA classification were
not significantly associated with potassium excretion. There
was no association between sodium excretion and the degree of
processing according to the NOVA classification.

Finally, UPF (n=97 participants) were categorized by Nutri-Score
(Figure 1) and the largest energy contribution came from group
D (39.7%), followed by C (21.2%), E (17.9%), B (13%) and A (8.2%).

‘ DISCUSSION

The purpose of this study was to better understand the
contribution of foods according to their level of processing
and the relationship with the subjects’ sodium and potassium
excretion.

In this sample from the staff of one public Portuguese university,
77.6% of the participants exceed the WHO recommendations for
daily sodium intake (2000 mg/day), 84.1% did not meet WHO
recommendations for daily potassium intake (3510 mg/day)
and 98.1% were largely above the Na/K ratio recommended. A
previous study in the Portuguese population?? also shown that
averages intakes of sodium and potassium were far from meeting
the daily WHO recommendations.

Our results show that in this sample about one-quarter of daily
energy intake came from UPF. The NOVA group that contributed
the most to the total energy and weight was unprocessed and
minimally processed foods, followed by UPF, processed foods and
processed culinary ingredients. This pattern is consistent with the
previous reported in studies Belgium?, Canada® and Brazil®>.

The UPF and beverages are usually recognized as products with
a lower nutritional quality“®. As predictable in our results the
largest energy and weight contribution of UPF came from the
Nutri-Score groups with the lowest nutritional quality (C, D and E).

The participants that ingest more unprocessed and minimally
processed foods had higher average values of potassium
(mg/1000 kcal) excretion (in g). These results can be explained
by the dietary food sources of potassium, since national data
shows that fruits, vegetables and pulses were the main sources
of population’s potassium intake (19,9%)%*. Previous studies in
Japan? shown that individuals with a higher dietary potassium
intake consumed more vegetables, fruits, fish, and milk. Another
study in Poland?, shows that around 82% of dietary potassium
intake mostly came from unprocessed or minimally processed
foods.

In the line with main sources of potassium be fruits, vegetables
and pulses, the results also shows that participants that showed
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Table 1. Characterization of participants by gender (age, body mass index, dietary intake, and urinary excretion). \
: Al Male : Female '
444444444444444444444444444444444 (n=107) .. (n=52) .. (=s5) P
@ £l 47.4 (10.4) 49.2 (11.0) 45.8 (9.6) 0.091
L
B2 = i) magy | wes
feergy consumption 2196 (756) 2430 (761) 1976 (688) 0.002
‘("é‘)*ib%ht e 2800 (2324, 3365) 2960 (2443, 3554) 2743 (2300, 3090) 0191
B — s s TS M o et B
g/ day) o 3244 (1329) 3876 (1340) 2646 (1012)

1410 (815, 1970)

(ma/day) = 2654 (760) 23684 (613.0)
N ———— 1308 (914, 1585) 1324 (922, 1497) 0.980
Nk 20(15,26) 216,31 180428 0028
ratio b4 ' re o . '
m‘éﬁ/dayw 516 (19.7) 53.8 (18.8) 49.5(20.5) 0.256
e 1 D T I B T
&?(‘é‘;f/ day)oe 20.2 (10.8, 31.6) 21.7 (9.6, 36.7) 16.5 (11.1, 26.8) 0.273
&‘l’(‘g‘r/ day)hs 19.1 (12.3, 35.4) 16.9 (11.6, 29.4) 24.0 (12.3, 39.4) 0.216
(';,(’gv/ﬁﬁ e 84.5 (76.3, 90.4) 84.5 (71.9, 89.9)
O 02 (00, 04) 01(00,03)
&%V/gy) y 5.9 (3.0,10.8) 7.8(32,183)
S0 e 70 (29, 142) 69(27,13.2) 71(29,148) 0.879
e (=97) . (n=48) (=49) P
Nutri-Score A 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 3.5) 0.281
(%kcal/day) b° o - o '
{!/:lktggls/tagrﬁ o 0.0 (0.0, 9.8) 0.0 (0.0, 0.0) 0.0 (0.0, 42.5) 0.059
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Note: Nutri-Score is a front-of-pack nutritional label based on a scale of letters A the best nutritional quality to E the lowest.

BMI: Body mass index; Na: Sodium; K: Potassium.

l[lAnalysis by Student T-test for continuous variables; PlAnalysis by Mann-Whitney U test; [IValues are mean (standard deviation);

lvalues are median (P25, P75).
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mg/1000kcal >

K O OIS SN

/Table 2. Characterization of the study participants.

Ultra-processed foods (% kcal/day)

Estimated i s :

intake Lower intake : Higher intake :
(0.0% to 19%)° : (19% to 71%)°

o] 3279 (1236) = 3210 (1426) 0788

mg/day > 5

Na

T , 1605 (1026, 2398) 1318 (981, 1897) 0.100

1438 (1053, 1765) 1136 (845, 1419) 0.007

lowest energy contributions of UPF had higher average values of
potassium intake (mg/1000 kcal). These results are consistent
with a previous study in Canada that shown that potassium intake
(mg/lOOO kcal) decreased with the increase of dietary share of
UPFS, similar results were found in a sample of USA adults®, in

~~~~~~~~~~~ SUN prospective cohort study®, in Brazil>*! and in UK32

The results shown that individuals with the lowest weight
contribution of the consumption of processed culinary ingredients
had higher average values of potassium (mg/day). This finding
may be explained by the fact that the quantification of foods from
the second group of NOVA (e.g., discretionary salt and olive oil)
cannot be estimated accurately and the foods included in this
group aren’t used in food preparation and cooking (e.g., butter
and sugar).

UPF are usually products with higher content in sodium, so
it was expected that participants high dietary share of UPF

Na: Sodium; K: Potassium.

ElAnalysis by Student T-test for continuous variables;

BlAnalysis by Mann-Whitney U test;
ldValues are mean (standard deviation);
lyalues are median (P25, P75);

IMedian: 19.12 — Minimum: 0.00; Maximum: 70.71.

presented high intake of sodium. However, our results shown
no significant differences in average intakes of sodium between
highest and lowest consumptions of UPF. This pattern of results
is also found in other studies?>?%%, One interpretation of these
findings is that dietary sodium derives from three sources: the
sodium found naturally in food, the salt added to processed

@ble 3. Urinary data on sodium and potassium excretion by lowest or highest intakes of minimally processed foods, processed\

culinary ingredients, processed foods, and ultra-processed foods (%g/day).
| Unprocessed or | Processed culinar |
minimally processed . . y Processed foods Ultra-processed foods
. ingredients A
Estimated foods (%q/day) (%g/day) (%g/day)
intake (%g/day) N S S
L HL o p L H p U HE o p LI HI . p
:1‘:_:]/dayarc 3181 3307 ¢ 0.625 : 3454 3039 ¢ 0106 : 3115 3372 : 0320 : 3268 3221 © 0.855
Na 1316 1586 : 0.080 @ 1605 1391 © 0.631 @ 1484 1391 ¢ 0789 : 1561 1359 ¢ 0.298
mg/1000kcal®¢
Na/K
Fatioh 20 19 0.667 18 20 0.337 18 20 0.083 19 20 0.535
ﬁg/dayarc 2562 2746 0211 : 2848 2465 i 0.009 @ 2662 2648 © 0925 i 2738 2573 © 0.262
K
mg/1000kcalb 1109 1434 ¢ 0.010 : 1308 1310 ¢ 0363 : 1359 1086 : 0.058 @ 1359 1284 ¢ 0132

N

LI: Lowest intakes; HI: Highest intakes; Na: Sodium; K: Potassium.

llAnalysis by Student T-test for continuous variables; BAnalysis by Mann-Whitney U test; [9Values are mean; lValues are median.
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KTable 4, Analysis of the association between sodium and\
potassium excretion and the nova classification according to
its degree of processing.

B . 95%CI

Model 1
Sodium _ NOVAL (%g/day) ~ -0.018  [-0311;0.260]
(ma/day)  NOVAZ (%g/day)  -0108  [-44.582;12.990]
9793y} NOVA3 (%g/day) | 0.083 = [-0.653;1.608]
NOVA4 (%g/day) © 0.024  [-0.716; 0.913]

Model 1
. NOVA1 (%g/day) : 0.205 [0.012; 0.327]
:’n‘:ta/ﬁ;“m NOVA2 (%g/day) = -0137 = [-27.406; 4.325]
9793y NOVA3 (%g/day) = 0169 @ [-0.066;1.180]
NOVA4 (%g/day) - 0.002 = [-0.44k; 0453]

k ‘‘‘‘‘

B: Standardized coefficients beta;
95%Cl: 95,0% Confidence interval for B

KFigure 1. Relative contribution (%) of each Nutri-Score group\
to consumption of ultra-processed food in diet.

Nutri-Score groups contribuition to
total ultra-processed foods

and UPF by food industry and the salt added to food during
cooking and food preparations (discretionary salt), since in our
study discretionary dietary salt cannot be correctly estimated
this could affect the results. This fact could be relevant, since
data from Portuguese population shown that the main source
of salt consumption is the salt added during food preparation
and cooking (29.2%)%.

Our data suggest that highest dietary intakes of foods from NOVA
group 1 could have higher intakes of sodium (p=0.080) and a
possible explanation is that cooked meals (already seasoned) was
included in the group 1 of unprocessed and minimally processed
food and in that way discretionary salt was not accounted for in
group 2 of processed culinary ingredients.

Our study was the first study in occupational set that explore the
association between UPF and sodium and potassium intake and
is strengthened by the 24-hours urine collection, considered the
clinical gold standard, to assess sodium and potassium intake.
Conversely, the use of a 24-hours dietary recall can be a limitation
in our study, the success of the recall depends on the memory,
cooperation and communication ability of the participants and
also a single recall cannot describe a typical diet. Although,
24-hours recalls were administered by trained researchers using
a photographic book and household measures to quantify portion
sizes, which minimized this potential limitation. Additionally,
salt added to food and food preparations cannot be accurately
estimated since it was not reported and was not included in
the second NOVA group. Furthermore, our sample is small,
recruited from university staff and the majority of sample has
superior education and consequently our results are of limited
generalizability.

Our results show that in our sample the consumption of ultra-
processed foods is not associated with sodium consumption.
In the future, it will be important to carry out more studies on
this relationship to direct efforts towards the strategy to be
used to reduce targeted sodium consumption according to the
population.

‘ CONCLUSIONS

Itis concluded that individuals who eat more fresh and minimally
processed foods had higher average potassium intake values. No
differences were found between UPF consumption and sodium.
Reducing the dietary consumption of UPF and increasing the
consumption of unprocessed or minimally processed foods can
be an effective way to significantly improve the nutritional quality
of diets and contribute to the prevention of CVD and other chronic
diet related NCDs.
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> Evaluacién nutricional y sensorial de dos panes funcionales adicionados con lactosuero
y harina de malanga en nifios

PALABRAS CLAVE RESUMEN

Introduccion: El principal componente del lactosuero es la lactosa, ha sido ampliamente estudiado por sus
propiedades nutricionales y funcionales de algunos componentes bioactivos, tales como inmunoglobulinas, lac-
toferrina, lactoperoxidasa y ciertos factores de crecimiento. La malanga es un alimento importante en regiones
tropicales y subtropicales, contiene hidratos de carbono (59%) y proteinas (25%), ademds de ser muy digestiva,
por lo que se considera un alimento excelente. El objetivo de este estudio fue evaluar nutricional y sensorialmen-
Colocasia; te dos productos funcionales a base de suero de leche y harina de malanga en nifios con desnutricién de dos

comunidades de Chiapas, México.

Alimentos
Funcionales;

Suero Ldcteo; R . . SN . I
! Metodologia: Inicialmente, ambas poblaciones fueron evaluadas mediante antropometria bdsica y se identificd

Evaluacion a quienes padecian desnutricién. Los infantes que, de acuerdo con el diagndstico nutricional, mostraron eviden-
Nutricional. cia de desnutricion fueron alimentados durante tres meses. El nivel de agrado se evalué mediante una escala
hedénica facial estructurada.

Resultados: El nivel de aceptabilidad fue superior al 95% en ambos productos. En el andlisis quimico proximal, se

Entry terms
4 observé que el panqué tenia un mayor contenido de humedad que el pan tipo bollo, 38 y 24%, respectivamente;

Malanga; mientras que el resto de nutrientes estaban presentes en menor proporcién, 3% de cenizas, 6% de grasa, 12% de
» proteina, 21% de fibra y 20% de hidratos de carbono para el panqué, mientras que el pan tipo bollo presentaba
:\rl‘t‘t*r.v?”c")l” valores de 1,3% de cenizas, 8,2% de grasa, 16% de proteina, 24% de fibra y 24,8% de hidratos de carbono.
utricional;

Conclusiones: Los resultados de la evaluacién antropométrica tras la intervencién mostraron una mejora en los
Evaluacion sensorial. indicadores de talla y peso de los nifios, efecto probablemente debido a la presencia de nutrientes procedentes
del lactosuero y la malanga. Se evidencia un aporte apreciable de proteina y fibra en los dos panes.
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) Nutritional and sensory evaluation of two functional brands added with malanga flour

and whey in children

ABSTRACT

Introduction: The main component of whey is lactose, which has been widely studied for its nutritional and functional
properties of some bioactive components, such as immunoglobulins, lactoferrin, lactoperoxidase and certain
growth factors. Malanga is an important food in tropical and subtropical regions, it contains carbohydrates (59%)
and proteins (25%), besides being very digestive, so it is considered an excellent food. The objective of this study
was to nutritionally and sensorially evaluate two functional products based on whey and malanga in malnourished
children from two communities in Chiapas, Mexico.

Methodology: Initially, both populations were evaluated by basic anthropometry and those suffering from
malnutrition were identified. The infants who, according to the nutritional diagnosis, showed evidence of malnutrition
were fed for three months. The level of liking was evaluated by means of a structured facial hedonic scale.

Results: The level of acceptability was higher than 95% in both products. In the proximal chemical analysis, it
was found that the pancake had a higher moisture content than the bun-type bread, 38 and 24%, respectively;
while the rest of the nutrients were present in lower proportions, 3% ash, 6% fat, 12% protein, 21% fiber and 20%
carbohydrates for the pancake, while the bun-type bread showed values of 1.3% ash, 8.2% fat, 16% protein, 24%
fiber and 24.8% carbohydrates.

Conclusions: The results of the anthropometric evaluation after the intervention showed an improvement in the
children’s height and weight indicators, an effect probably due to the presence of nutrients from the whey and the
malanga. An appreciable contribution of protein and fiber is evident in the two breads.

Funding: Consejo Nacional de Humanidades, Ciencias y Tecnologia (CONAHCYT) of the Government of Mexico through

the project Consolidation of the infrastructure of the Research and Functional Products Development Laboratory
(LIDPF) of the Universidad de Ciencias y Artes de Chiapas in the call for proposals 316447 of Frontier Science 2021.

1. Los cormos de malanga son una alternativa viable de alimentacién saludable para
comunidades con inseguridad alimentaria.

2. El uso del suero de leche en la alimentacion posee amplias bondades nutricionales, ademds
de reducir el impacto ambiental cuando no se le da un uso apropiado.

3. El uso de ingredientes locales permite la obtencién de alimentos funcionales accesibles y
nutritivos.
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‘ INTRODUCCION

A pesar de los esfuerzos que se estdn realizando en diferentes
paises, a través de programas publicos e iniciativas privadas,
para reducir los problemas de alimentacién y nutricién, parece
que en los dltimos afos no se ha avanzado nada, y esto ha sido
aln mas pronunciado en los paises en vias de desarrollo.

De acuerdo con Keats et all, en el mundo, 149 millones de nifios
menores de 5 afios presentan retraso en el crecimiento, 49,5
millones emaciacién y 40,1 millones sobrepeso, con notables
disparidades entre paises y regiones. En México, en 2014, se
observo que el 55,2% de los nifios entre 2 y 5 afios de edad se
encontraban por debajo de la linea de pobreza y el 13,1% en
pobreza extrema, que es uno de los principales determinantes
sociales de la salud y la nutricién, especialmente la desnutri-
cién durante los primeros afios de vida, que es causa y efecto
de la pobreza® La desnutricién abarca una serie de trastornos
que incluyen alteraciones del crecimiento y deficiencias de mi-
cronutrientes?; es el resultado de un consumo insuficiente de
alimentos (alimentos inadecuados en cantidad o calidad), asi
como de la incidencia de enfermedades infecciosas debido a
una atencién inadecuada en muchos casos; derivada de la falta
de disponibilidad de alimentos, servicios de salud, educacion,
asi como de una infraestructura sanitaria deficiente*>.

En casos de desnutricion leve y moderada, en el estado de Chia-
pas, México, se reporté un incremento de 521 casos en 2019
con respecto al afio anterior, de acuerdo con el Sistema Nacio-
nal de Vigilancia Epidemiolégica. En Chiapas el bajo peso tiene
una prevalencia del 8,4%, la baja talla del 31,4%, la emaciacién
del 2,4% y el sobrepeso y la obesidad del 8,3%®. Los mismos au-
tores, indican que el problema en Chiapas radica principalmen-
te en la baja talla que presentan los nifios indigenas (44,2%).
Las diferentes medidas adoptadas a nivel familiar en México du-
rante el confinamiento de la pandemia del coronavirus SARS-
CoV-2 (COVID-19) pueden haber tenido un impacto negativo
en el ingreso familiar y, a su vez, en los niveles de inseguridad
alimentaria’. La desnutricién infantil es un problema de salud
mundial que produce alteraciones en el crecimiento ponderal
y lineal (emaciacion y retraso del crecimiento), disfunciones in-
munitarias y metabdlicas, alteraciones en el desarrollo del sis-
tema nervioso central (SNC) y otras anomalias®.

La anemia (causada por una combinacién de mala alimentaciény
una alta carga de enfermedades infecciosas) puede tener efectos
inmediatos y a largo plazo en el desarrollo cognitivo, neuroldgico
y socioemocional de los nifios, lo que resulta en un menor bien-
estar individual y social®. Segun Rivera et al’®, reportaron que en
México las tasas de anemia eran de 24% para nifios de 1 a 4 afos,
21% para ninos de 5 a 8 afios y 15% para ninos de 9 a 11 afnos.

El uso de algunos alimentos en cantidades suficientes y con
una composicién nutricional adecuada puede contribuir a me-
jorar el estado nutricional de las personas. El lactosuero es el
liquido que se obtiene durante la produccién de queso; el mas
importante por su valor econémico y productivo, se obtiene de
la leche de vaca y representa aproximadamente el 90% de su
volumen®!, La produccién mundial de lactosuero se estimé en
unos 165 millones de toneladas; de las cuales, el lactosuero re-
presenta aproximadamente el 95%*. El principal componente
del lactosuero es la lactosa; el lactosuero ha sido ampliamente
estudiado por sus propiedades nutricionales y funcionales, es
un componente extremadamente importante que tiene ciertos
elementos funcionales y nutricionales como inmunoglobulinas,
lactoferrina, lactoperoxidasa, glutatién y ciertos factores de cre-
cimiento®. En Europa se utiliza el 75% y probablemente menos
del 50% en el resto del mundo, por lo que se desperdicia una
gran cantidad de material con valor potencial como alimento
o pienso®2 Por otro lado, la malanga (Xanthosoma sagittifolium)
es el nombre comln de uno de los cultivares mds populares
y consumidos de las Araceaes; se conoce como taro, yautia,
taioba, tanni o new cocoyam, dependiendo del pais de origen.
La malanga es un importante cultivo alimentario en regiones
tropicales y subtropicales, y se consume principalmente coci-
da o en forma de pasta, similar a la patatal; tiene una gran
cantidad de nutrientes, hidratos de carbono (59%) y proteinas
(25%), ademds de ser muy digestiva, por lo que se considera
un alimento excelente. El cacahuete, o mani, como se le conoce
en algunas partes del mundo, contiene proteinas, grasa y fibra.
La grasa contiene aproximadamente un 50% de dcidos grasos
monoinsaturados (AGMI), un 33% de paraformaldehido (AGP)
y un 14% de dcidos grasos saturados, una combinacién de aci-
dos grasos saludable para el corazén®. La selecciéon de estos
componentes para la elaboracién de los productos fue, princi-
palmente, su aporte nutricional y propiedades funcionales; asf
como, su disponibilidad y bajo costo.

El propésito de esta investigaciéon fue evaluar el impacto nu-
tricional y sensorial de dos productos alimenticios funcionales
adicionados con suero de leche y malanga, dirigidos a nifios con
desnutricion caldrico-proteica, como alternativa para mejorar
su salud.

‘ METODOLOGIA

Tipo de investigacion

La investigacion se llevéd a cabo en dos fases. La primera fue
un estudio experimental, ya que se desarrollaron dos alimentos
funcionales, siguiendo un disefio experimental factorial, para
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obtener las mejores condiciones de composicién nutricional y
sensorial; y la segunda fue una cohorte longitudinal prospec-
tiva, a través de una intervencién alimentaria nutricional en la
que se complement6 la dieta de los nifios con los alimentos
elaborados durante un periodo de tres meses.

Poblacion y muestra

El estudio se realizd en dos comunidades de la regién metropo-
litana del estado de Chiapas, México. El Refugio en el municipio
de Chiapa de Corzo y Los Yukis en el municipio de Tuxtla Gu-
tiérrez. La poblacién estuvo constituida por 70 nifios en edad
escolar (6 a 12 afos), pertenecientes a las dos localidades, El
Refugio (N=50) y Los Yukis (N=20).

La muestra (n=20) estuvo compuesta por dos submuestras, una
formada por 12 nifios pertenecientes a la comunidad El Refugio,
y la otra por 8 nifios de la comunidad Los Yukis. Estos fueron
seleccionados a conveniencia, quienes mostraron evidencia de
desnutricion de acuerdo a la evaluaciéon antropométrica inicial
realizada con todos los nifios de las dos comunidades (N=70). Es
importante mencionar que el niumero de nifios se redujo debido
a diferentes dificultades ocasionadas por la pandemia COVID-19,
ya que el estudio se desarroll6 en el periodo de septiembre a
noviembre de 2021, cuando se suspendieron las actividades pre-
senciales en escuelas e instituciones.

Elaboracion de los alimentos

Los alimentos fueron preparados de acuerdo a la siguiente me-
todologia:

Obtencion de suero fresco y harina de malanga: El suero dulce
se obtuvo mediante el proceso de elaboracién de queso fresco,
pasteurizado (63%1 °C, 30 minutos) y almacenado en refrigera-
cién. La harina de malanga (Xanthosoma sagittifolium) se elaboré
a partir de cormos producidos en el municipio de San Fernando,
Chiapas, México; se utilizé la metodologia publicada por Vela-
Gutiérrez et al’®, se envaso al vacio y se almacend.

Preparacion del panqué: Preparacién para 12 piezas. Se mez-
claron 60 g de harina de trigo, 60 g de harina de malanga, 10 g
de levadura en polvo, 90 g de azlcar estdndar, 140 mL de suero
dulce, 30 mL de esencia de vainilla, 1 huevo y 40 g de mante-
quilla a temperatura ambiente. Los ingredientes se mezclaron
manualmente con un globo hasta obtener una masa homogé-
nea, que se colocd en moldes con un vaso. Se horned a 180+2
°C durante 25 minutos.

Preparacion del pan tipo bollo: Preparacién para 12 piezas. Se
incorporaron todos los ingredientes secos en un bow/ (440 g de
harina de trigo, 37,5 g de harina de malanga, 112 g de azlcar
estandar, 20 g de levadura y 3,5 g de sal). A continuacion, se

mezclaron los ingredientes liquidos (160 mL de suero dulce, 5
mL de extracto de vainilla, 2 piezas de huevo y 60 g de man-
tequilla) con los ingredientes secos, se mezclaron y amasaron
constantemente hasta obtener una textura homogénea. Se dejé
reposar durante 90 minutos en un lugar cdlido, se hicieron por-
ciones con forma redonda y se dejaron reposar otros 30 minu-
tos. Por Ultimo, los panes se hornearon a 180+2 °C durante 30
minutos.

Analisis quimico proximal

El andlisis quimico proximal (humedad, proteina, grasa, fibray
cenizas) de los productos se realiz6 segun los métodos publica-
dos por la AOACY. Los hidratos de carbono se determinaron por
diferencia con el resto de componentes obtenidos.

Evaluacion sensorial

El nivel de agrado de los productos se evalu6 mediante una
escala heddnica estructurada en cinco puntos (“me gusta mu-
cho”, “me gusta poco”, “ni me gusta ni me disgusta”, “me dis-
gusta poco” y “me disgusta mucho”), publicada por Alvares®®,
La prueba se realizo con nifios en edad escolar de las dos comu-
nidades descritas, que indicaron su nivel de agrado en el instru-

mento proporcionado.

Evaluacion nutricional

En primer lugar, se evalud el estado nutricional de los nifios
mediante el indicador de indice de masa corporal (IMC). El peso
corporal de cada nifio se obtuvo en kilogramos (kg), se utilizé
una bdscula (SECA®, modelo 750); para determinar la estatura
(cm) se utilizd un estadiémetro (SECA®, modelo 220)*. A partir
del primer diagndstico nutricional, se selecciond el grupo de es-
tudio (n=20), nifios que presentaban desnutricién, a los que se
les administré suplementacién alimentaria durante tres meses.
La complementacién alimentaria consistié en proporcionar un
pan diario (panqué o pan tipo bollo). A los nifios de la comuni-
dad de El Refugio, municipio de Chiapa de Corzo, se les propor-
ciond el panqué, y a los de la comunidad de Los Yukis, municipio
de Tuxtla Gutiérrez, el pan tipo bollo, ambos productos fueron
adicionados con harina de malanga y suero fresco. Al finalizar el
periodo de suplementacién alimenticia, se realiz6 un segundo
diagnoéstico nutricional.

Consideraciones bioéticas

El protocolo de investigacién, con nimero de registro FCNA-
CIBB002/03-2021, fue revisado, valorado y avalado por el
Comité Interno de Bioética y Bioseguridad de la Facultad de
Ciencias de la Nutricién y Alimentos de la Universidad de Cien-
cias y Artes de Chiapas. A los padres o tutores de los nifios
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participantes se les explicd el alcance del proyecto y el riesgo
para sus hijos, posteriormente firmaron el consentimiento in-
formado.

Analisis de datos

La diferencia entre los resultados del andlisis quimico proxi-
mal de los productos se determiné mediante un analisis de va-
rianza unidireccional (ANOVA) y los resultados del diagnéstico
nutricional inicial y final se compararon mediante la prueba
de Tuckey utilizando el software estadistico Minitab® version
16.0 para Windows.

‘ RESULTADOS

Formulacion de los panes

Después de varias pruebas experimentales (datos no mostra-
dos), siguiendo disefios factoriales, se alcanzé la formulacién
6ptima de los productos (Tabla 1A), panqué (11,86% harina de
trigo y harina de malanga, 27,67% suero de leche, 7,11% de
cacahuate, 11,86% huevo, 17,78% azlcar estandar, 7,90% de
mantequilla, 1,98% de levadura en polvo y esencia de vainilla)
y pan tipo bollo (45,9% de harina de trigo, 3,91% de harina de
malanga, 16,7% de suero de leche, 12,5% de huevo, 11,7% de
azlcar estdndar, 6,23% de mantequilla, 0,520% de esencia de
vainillay 2,12% de levadura). Entre sus componentes, se puede
observar la apreciable cantidad de harina de malanga y suero
de leche fresco, componentes que aportaron suficiente proteina
(de origen animal y vegetal) y compuestos bioactivos en ambos
productos, en el caso del panqué, destaca la presencia del ca-
cahuate por sus bondades nutritivas y funcionales; ademas, sus
atributos sensoriales permitieron obtener un pan con caracte-
risticas texturales y apariencia adecuadas, como se muestra en
la Figura 1y en los resultados de la evaluacién sensorial. Segun
Ros y Botija®, la ingesta de proteinas recomendada varia en
funcién a la edad y el peso corporal; para nifios de 4 a 10 afios,
los limites establecidos por los DRIs (Dietary Reference Intakes)
son de 0,76 g/kg (EAR o Estimated Average Requirement) y 0,95
(RDA o Recommended Dietary Allowance); cifras que podrian estar
infraestimadas, segln los mismos autores, ya que algunos es-
tudios la han estimado considerando la oxidacién de la fenilala-
nina, y sugieren que las RDA deberian ser de 1,55 g/kg.

Evaluacion sensorial de los productos

Se puede observar en la Figura 2, que 38 de 50 personas (76%)
eligieron el nivel de agrado “Me gusta mucho” para el panqué,
mientras que para el pan tipo bollo 19 de 20 personas (95%)

/Tabla 1. Formulacién de los dos panes funcionales (%) y\
resultados del analisis quimico proximal.

A) Cantidad de ingredientes (%) por pa

Componentes (%) Panqué Pan"f‘iPo bollo

Harina de trigo """"" 1186 '25,9 ‘‘‘‘‘‘‘‘‘‘‘
Harina de malanga 11,86 381
Suero de leche """"" 27,67 ""16,7 ‘‘‘‘‘‘‘‘‘‘‘
Cacahuate """""" 7 111 S
Huevo """"" 11,86 ~~12’5 ,,,,,,,,,,,
Azlcar estandar """""" 1778 ""11’7 ‘‘‘‘‘‘‘‘‘‘
Mantequilla 7’90 ""6,23 ‘‘‘‘‘‘‘‘‘‘‘
Polvo para hornear 198 e
Esencia de vainilla 198 MO,SZ ‘‘‘‘‘‘‘‘‘‘‘
Sal """"""" ""0,37 ,,,,,,,,,,,
Levadura """"""" “"2,12 ‘‘‘‘‘‘‘‘‘‘

B) Analisis quimico proxim

Componentes (%) Panqué Pan tipo bollo

Humedad """"" é"SH,Sa Héz,lgb ‘‘‘‘‘‘‘‘‘‘
Cenizas """"" 2’35a mi,346 ‘‘‘‘‘‘‘‘‘‘‘
Grasa A ST
Carbohidratos """""" i'éulga "iA,Bb »»»»»»»»»»
Proteina """"" 13, g Hi6,3b ‘‘‘‘‘‘‘‘‘‘‘
Fibra """"" ib‘,ga Néh,gh """""""""

* Letras diferentes en la misma columna (entre tratamientos)
muestran diferencias significativas (p<0,05, ANOVA).

seleccionaron ese mismo nivel de agrado, siendo estadisti-
camente diferente (p<0,05) el nivel de agrado. Es importan-
te mencionar que al sumar los dos atributos de agrado (me
gusta mucho y me gusta moderadamente), ambos productos
presentan un alto nivel de aceptabilidad 100 y 96%, respecti-
vamente.

Analisis quimico proximal

La Tabla 1B, muestra que el panqué tiene mayor contenido de
humedad y cenizas que el pan tipo bollo, mientras que el res-
to de los componentes estdn presentes en menor cantidad, y
son significativamente diferentes (p<0,05), con excepcién de
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Figura 1. A: Panqué, B: Pan tipo bollo.

la grasa. En ambos productos se observé un alto contenido de
proteinas, carbohidratos y fibra, siendo estos componentes ma-
yores en el pan tipo bollo; condicién atribuida al sueroy harinas
utilizados como insumos.

Evaluacion nutricional

Las Figuras 3Ay 3B muestran el estado nutricional de los nifios
antes y después de la intervencién alimentaria en las dos comu-
nidades estudiadas, obtenido de acuerdo al IMC. En cuanto al
grupo de nifios cuya alimentacién fue complementada con pan-
qué (Fig. 3A), la desnutricidn leve disminuyé considerablemente
de 83,3% (10 nifios) a 41,7% (5 nifios) (p<0,05) entre las dos
evaluaciones; asimismo, los infantes que presentaban desnutri-
cion moderada mejoraron su condicién al pasar a desnutricion
leve, mientras que 58,3% (7 nifios) mejoraron su estado nutri-
cional al pasar de desnutricién leve a nutricién normal. Por otro
lado, el grupo de nifios cuya dieta fue complementada con un
pan tipo bollo también mejor6 su estado nutricional, el 37,5%
(3 nifios) de ellos pasaron a un estado nutricional normal, asi
como el 25% (2 nifios), pasaron de desnutriciéon severa a des-
nutricion moderada y leve (Fig. 3B). Es importante mencionar
que este grupo presentdé un nifio con desnutricién severa, quien
recuper6 su condicion al pasar a desnutricion moderada.

rDISCUSIfJN

Este estudio presenta evidencia estadistica (p<0,05) de mejoria
en el estado nutricional de nifios con problemas de desnutricién
en dos comunidades del estado de Chiapas, México, a través
de una intervencion alimentaria nutricional con los dos panes
elaborados con harina de trigo y adicionados con suero de leche
y harina de malanga.

Los resultados de la evaluacion sensorial son superiores a los
reportados por Sanchez et al.?, quienes elaboraron una galleta
tradicional con suero de leche para poblacién infantil y depor-
tistas, obteniendo un nivel de agrado entre 60 y 80%. Fonseca?
report6 datos de nivel de agrado en un pan casero adicionado
con suero de leche, similares a los del pan tipo bollo presentado
en este estudio; indicando ademas que el 100% de los estu-
diantes (jueces no entrenados) que participaron como evalua-
dores habian incorporado el producto a su dieta habitual. El
alto nivel de agrado encontrado en los productos elaborados
en esta investigacion se debe probablemente a la adicién de
harina de malanga, que se ha observado (datos no mostrados)
que mejora considerablemente la textura, el aroma y el sabor
de los productos de panaderia. La disponibilidad de alimentos,
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Ggura 2. Grado de aceptabilidad de los panes.
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asi como las oportunidades y la persistencia con que se ofrece a
los nifios, las estrategias alimentarias utilizadas para su consu-
mo, las influencias sociales, el entorno, entre otros elementos
son factores que influyen en las preferencias alimentarias y los
patrones de consumo de los nifios?.

De acuerdo con el andlisis proximal de los productos, se de-
duce que el tipo y la cantidad de nutrientes presentes son
adecuados para su uso en poblaciones con deficiencias nutri-
cionales. Es importante mencionar que el pan convencional
aporta proteinas de bajo valor bioldgico (PBVB). Por otro lado,
se ha demostrado la alta calidad proteica de la leche, el queso
y sus derivados; lo cual se debe a su contenido en proteinas
de alto valor biolégico (PAVB), que estan formadas con todos
los aminodcidos esenciales (por su contenido en leucina, trip-
téfano, lisina y aminodcidos azufrados)?. Los resultados obte-
nidos en esta investigacién son significativamente superiores
a los reportados por Lépez et al.?*, quienes indicaron 24,44%
de humedad, 0,27% de cenizas, 0,84% de grasa, 12,95% de

proteina, 2,01% de fibra y 59,49% de carbohidratos en galle-
tas adicionadas con suero de leche y nuez de macadamia; sin
embargo, los porcentajes de proteina son muy similares a los
de los panes.

Los cormos de malanga o taro (porcién comestible) tienen un
alto contenido de tiamina, riboflavina, flavonoides, proteinas,
fibra, vitaminas A, C, calcio y de fésforo; son una rica fuente
de antioxidantes, principalmente compuestos fendlicos, tanto
en cuanto a diversidad como a cantidad; ademds de taninos
condensados y dcido fitico que pueden aportar actividad an-
tioxidante; los fitoesteroles presentes en la malanga inhiben
la absorcién del colesterol malo (LDL) en el organismo?>?®. Los
fitoquimicos del taro tienen bioactividades inmunomodulado-
ras, antioxidantes, antitumorales, antimetastdsicas, antimu-
tagénicas, antihiperglucémicas y antihipercolesterolémicas. El
taro tiene un indice glucémico inferior al de la patata, y su
consumo puede reducir la incidencia y prevalencia de varias
enfermedades, incluidos ciertos tipos de cancer?®.
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alimentaria con el pan tipo bollo.
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Ggura 3. A:Estado nutricional de los nifios de la comunidad “El Refugio” antes y después del proceso de complementacion alimentarQ
con el panqué. B: Estado nutricional de los nifios de la comunidad “Los Yukis” antes y después del proceso de complementacion
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*Letras distintas entre tratamientos (estado nutricional) muestran diferencias significativas (p<0,05, Tuckey).

La mejora del estado nutricional de los nifios de los dos grupos
intervenidos, se debe a la presencia de proteinas, concretamente
albuminas presentes en los dos productos procedentes del suero
fresco utilizado durante su formulacién, asi como a otros nutrien-
tes presentes en la harina de malanga. Estos hallazgos son simila-
res a los publicados por Lépez et al®, quienes evaluaron galletas
adicionadas con suero de leche y nuez de macadamia en una po-
blacién infantil, logrando disminuir la desnutrici6n moderada en
3,53%, la desnutricién leve de 72,72 a 44,43% y el estado nutricio-
nal normal de 18,18 a 50,0%. Dado que la desnutricién es la cau-
sa subyacente de la mitad de la mortalidad infantil en el mundo,
muchos programas intentan abordar este problema, pero faltan
pruebas sobre formas eficaces de reducir la desnutricién infantil?.
El marasmo es la forma mds comin de desnutricién aguda en las
crisis nutricionales y, en su forma grave, puede provocar la muerte
si no se trata®.

Es importante mencionar que los resultados encontrados pueden
deberse al efecto de la interaccién entre la complementacién ali-
mentaria y las recomendaciones dietéticas dadas a las madres
por el personal de nutricién que atendid y realiz6 el estudio. Exis-
ten varios estudios que indican una correlacién positiva entre la
educacion de los responsables del cuidado y la mejora del estado
nutricional de los nifios. Sin embargo, es importante mencionar

que la desnutricién infantil se ve influenciada por diversas causas,
entre ellas el ingreso familiar, la accesibilidad y disponibilidad de
alimentos, la presencia de enfermedades infecciosas, la calidad del
agua, entre otras. Las estrategias para reducir los problemas de
déficit alimentario son de suma importancia, especialmente aque-
llas enfocadas a mejorar la subsistencia y el abastecimiento de los
hogares para satisfacer las necesidades alimentarias y de salud de
la poblacién.

‘ CONCLUSIONES

El consumo de productos funcionales de forma frecuente ha de-
mostrado ser un excelente aliado en la prevencién y tratamiento
de enfermedades, al mejorar |a salud debido al aporte de macroy
micronutrientes esenciales para el buen funcionamiento del orga-
nismo. El uso de suero de leche, malanga y harina de cacahuate en
la formulacién de productos, ademds de proporcionar los nutrien-
tes necesarios para reducir y mejorar el estado nutricional de los
nifos, es sensorialmente atractivo. Esto debido a que, al inicio de
la investigacion, a través de la evaluacién antropométrica, se de-
tect6 que la mayoria de los infantes estudiados presentaban bajo
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peso y baja talla en relacién a su edad, situacién que mejoré al
complementar la dieta de los nifios durante tres meses; asimismo,
se observé una disminucion en los signos y sintomas de desnutri-
cién y estado de dnimo. Cabe destacar la estrecha relacién entre
los productos evaluados y la seguridad alimentaria nutricional,
ya que se cumplen todos los pilares (disponibilidad, accesibilidad,
consumo y aprovechamiento bioldgico), ya que, al ser un producto
elaborado con productos locales, incentiva la economia de las fa-
milias productoras, ademas de demostrar que el producto redujo
la desnutricién, se puede decir que el aprovechamiento bioldgico
también se cumple. Por otro lado, al generar estrategias para el
aprovechamiento del lactosuero, se reducen considerablemente
los problemas de contaminacién que genera al ser desechado en
alcantarillas o rios.
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) Situacion epidemiolégica de la salmonelosis en Espana en el periodo prepandémico (2013-2019)

PALABRAS CLAVE RESUMEN

Introducciéon: La salmonelosis es la sequnda enfermedad gastrointestinal mas notificada y la primera
causa de brote alimentario en Espafiay en la UE. El objetivo de este estudio es describir la distribucion tem-
poraly las caracteristicas epidemiolégicas de la salmonelosis en Espafia durante el periodo prepandémico
2013-2019, utilizando tres fuentes de informacién diferentes.

Salmonelosis;

Brote; Metodologia: Se realiz6 un estudio observacional descriptivo retrospectivo en el que se estudiaron los ca-
sos individualizados y los brotes de salmonelosis notificados a la Red Nacional de Vigilancia Epidemiolégi-
ca, y los datos registrados en el Conjunto Minimo Bdsico de Datos de Altas Hospitalarias entre 2013y 2019.

Resultados: Se notificaron 60.771 casos de forma individualizada, 2.233 brotes y 24.096 altas hospitalarias
de salmonelosis. La incidencia acumulada (IA) de los casos individualizados aumenté hasta 2016, aunque
Huevo. 2018 fue el afio de mayor IA. La incidencia acumulada de periodo (IAp) fue mas elevada en hombres que en
mujeres, tanto para los casos individualizados (27,76 y 25,05, respectivamente) como para las altas hospi-
talarias (8,32 y 6,50, respectivamente). En los casos individualizados la mayor incidencia se dio en el grupo
dela4anosyen las altas hospitalarias en los menores de un afo. El nimero de casos individualizados, de
brotes y de altas hospitalarias fue mayor en los meses calidos. El alimento notificado con mayor frecuencia
en los brotes fue el huevo y el dmbito de ocurrencia el hogar.

Hospitalizacion;

Vigilancia
Epidemioldgica;

Conclusiones: La incidencia de la salmonelosis a nivel nacional e internacional sigue siendo elevada. El
huevo y sus derivados son los alimentos que se asocian en mas ocasiones a brotes alimentarios. El analisis
conjunto de varias fuentes de datos mejora la vigilancia epidemiolégica al aportar informacién comple-
mentaria relevante para la toma de decisiones.

Obra bajo Licencia Creative Commons Reconocimiento-NoComercial-Compartirlgual 4.0 Internacional.
Mas informacién: http://creativecommons.org/licenses/by-nc-sa/4.0/

doi: https://doi.org/10.14306/renhyd.28.2.2154
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) Epidemiological pre-pandemic situation of salmonellosis in Spain between the years 2013-2019

ABSTRACT

Introduction: Salmonellosis is the second most reported gastrointestinal disease and the first cause of
foodborne outbreaks in Spain and in the EU. The aim of this study is to describe the temporal trend and
epidemiological characteristics of salmonellosis in Spain during the pre-pandemic period 2013-2019, using
three different sources.

Methodology: A retrospective descriptive observational study was carried out, in which cases and epidemic
outbreaks of salmonellosis reported to the Spanish Epidemiological Surveillance Network, as well as
information related to the data registered in the Minimum Basic Data Set of Hospital Discharges between
2013 and 2019 were studied.

Results: A total of 60,771 cases, 2,233 outbreaks and 24,096 hospital discharges of campylobacteriosis
were reported. The Cumulative Incidence of individualized cases increased until 2016, although 2018 was
the year with the highest incidence. The Cumulative Period Incidence was higher in men than in women,
both for individualized cases (27.76 and 25.05, respectively) and for hospital discharges (8.32 and 6.50,
respectively). In the individualized cases, the highest incidence occurred in the group of 1 to 4 and in hospital
discharges in children under one year of age. The number of cases, outbreaks, and hospital discharges was
higher in the warmer months. The food item most frequently reported in foodborne outbreaks was eqg,
and the household was the most frequent setting reported.

Conclusions: Incidence of salmonellosis at the national and international level remains high. Eggs and
their derivatives are the foods most often associated with food outbreaks. The joint analysis of multiple
data sources improves epidemiological surveillance by providing complementary information relevant to
decision-making.

1. La salmonelosis es una enfermedad con un impacto elevado en la sociedad, siendo la
primera causa de brote alimentario en Espafa y en la Unién Europea.

2. El alimento que se asocia a la mayor parte de brotes alimentarios es el huevo y sus
derivados.

3. El hogar es el ambito de exposicion mas frecuente en los brotes.

ll-. La inclusion del registro de altas hospitalarias (RAE-CMBD) en la vigilancia epidemioldgica
complementa la informacién de otras fuentes de datos y no se ve tan afectada por variables
externas que pueden conllevar una infra notificacién de datos.

Carbajo Otero A, Ledn Gomez |, Pereboom Maicas MD, Varela Martinez M del C. Situacién epidemioldgica de la
salmonelosis en Espana en el periodo prepandémico (2013-2019). Rev Esp Nutr Hum Diet. 2024; 28(2): 155-65.
doi: https://doi.org/10.14306/renhyd.28.2.2154
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‘ INTRODUCCION

La salmonelosis en las personas cursa habitualmente con un
cuadro gastrointestinal autolimitado, aunque en ocasiones se
pueden producir manifestaciones sistémicas graves®. El me-
canismo de transmisién es fecal-oral por consumo de agua y
alimentos contaminados, contacto con animales y contacto
persona-persona?3. Actualmente, es la sequnda enfermedad
gastrointestinal mas notificada y la primera causa de brote
alimentario tanto en Espafia como en el resto de la Unién Eu-
ropea (EU)*®. Globalmente se han estimado mas de 90 millo-
nes de casos anuales de gastroenteritis debida a los serotipos
no tifoideos®’, representando una carga importante en paises
de alta y baja renta®.

El género Salmonella estd formado por bacterias Gram nega-
tivas que se engloban Unicamente en dos especies, S. enterica 'y
S. bongori’, subdividiéndose S. enterica en 6 subespecies>*.
S. enterica subespecie enterica es la responsable del 99% de
los casos de salmonelosis en los seres humanos®*. Los seroti-
pos Typhi y Paratyphi son los causantes de la fiebre tifoidea y
paratifoidea, respectivamente, y afectan exclusivamente a las
personas®.

La salmonelosis esta sujeta a vigilancia obligatoria en Espafia
desde 2015* La administracién central recibe las notificaciones
de los casos individualizados y de los brotes confirmados desde
las Comunidades Auténomas (CC. AA.) a través de |la Red Nacio-
nal de Vigilancia Epidemioldgica (RENAVE), que gestiona el Cen-
tro Nacional de Epidemiologia (CNE), encargandose también
de transmitir la informacién al Centro Europeo de Prevencién
y Control de Enfermedades (ECDC) y a la Autoridad Europea de
Seguridad Alimentaria (EFSA). En 2015 se establecié el Registro
de Actividad de Atencién Sanitaria Especializada con base en
el Conjunto Minimo Bdsico de Datos (RAE-CMBD), catalogando
los diagnésticos en funcién de la Clasificacion Internacional de
Enfermedades (CIE)®.

El estudio de la epidemiologia de la salmonelosis permite guiar
las medidas de salud publica. La utilizacién de mds de una fuen-
te de informacién permite tener una imagen mas completa de
la epidemiologia de esta enfermedad y orientar con mayor es-
pecificidad las medidas a implementar. La situacién pandémica
modificé la transmisién y la vigilancia de muchas enfermeda-
des, por lo que el estudio en un periodo estable permite tener
un punto de partida para comparaciones posteriores.

Este estudio se ha disefiado con el objetivo de describir la dis-
tribucion temporal y las caracteristicas epidemioldgicas de la
salmonelosis en Espafa durante el periodo prepandémico 2013-
2019, empleando tres fuentes de informacion diferentes.

‘ METODOLOGIA

Disefio

Se realizé un estudio observacional descriptivo retrospectivo en
el que se analizaron los casos individualizados y los brotes epi-
démicos de salmonelosis notificados a la RENAVE entre el 1 de
enero de 2013 y el 31 de diciembre de 2019, y las altas hospita-
larias recogidas en el RAE-CMBD para el mismo periodo. Todos
los datos se solicitaron anonimizados mediante los modelos de
solicitud normalizados del Centro Nacional de Epidemiologia
(datos RENAVE) y del Ministerio de Sanidad (datos RAE-CMBD).
Se excluyeron del estudio los casos de fiebre tifoidea y paratifoi-
dea ya que tienen una epidemiologia diferente y se notifican a
la RENAVE como una enfermedad independiente de la salmone-
losis. Se escogi6 como umbral el afio 2013 porque el protocolo
para realizar la vigilancia obligatoria nacional de la salmone-
losis se aprob6 en 2013, y el 2019 como limite para evitar el
posible sesgo ocasionado por la pandemia de SARS-CoV-2, en
cuanto a los cambios de comportamiento de la poblacién y de
vigilancia de las CC. AA.

Base de datos RENAVE

Tanto los casos individualizados como los brotes detectados
e investigados a nivel local se notificaron desde los servicios
de epidemiologia de las CC. AA. al CNE. Los casos notificados
fueron Unicamente los confirmados (con diagndstico de labo-
ratorio) e incluyeron tanto los asociados como no asociados a
los brotes, aunque esta informacién no siempre se indicé. La
informacién de los brotes incluyé el mecanismo de transmision,
el alimento consumido o el ambito de exposicion, informacién
que no consté en los casos individualizados. La consideracién de
brote se establecié cuando se produjeron dos o mds casos de
salmonelosis con una relacién epidemiolégica entre si, clasifi-
candose en brotes de origen alimentario (por consumo de agua
o de un alimento contaminado)* y de otro origen (incluyendo
mecanismo de transmision desconocido). Los casos incluidos en
los brotes abarcaron los sospechosos (con gastroenteritis), los
probables (con gastroenteritis y una relacién epidemiolégica) o
los confirmados (gastroenteritis y diagnostico de laboratorio).

Base de datos del RAE-CMBD

Se seleccionaron los registros, tanto de diagnéstico principal
(principal causa de hospitalizacién) como secundario (no regis-
trado como principal, pero presente durante el ingreso) con los
siguientes cddigos: CIE 9: 003.0, 003.1, 003.2 (003.20, 003.21,
003.22, 003.23, 003.24 y 003,29), 003.8 y 003.9 de los registros
del CMBD (2013-2015) y cédigos CIE 10: A02.0, A02.1, A02.2
(A02.20, A02.21, A02.22, A02.23, A02.24, A02.25 y A02.29), A02.8
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y A02.9 de los registros del RAE-CMBD (2016-2019). Algunas de
las variables que se incluyeron fueron: el sexo, la edad, la fecha
de ingreso, la fecha de alta y el tipo de alta (exitus, etc.).

Analisis y representacion de los datos

Las variables categdricas se presentaron como nimero total
y porcentaje y las variables continuas como mediana y rango
intercuartilico (RIC). Todos los porcentajes se calcularon con
relacién a los datos disponibles para cada variable. El nivel de
confianza aplicado fue del 95% (valor de p <0,05). El andlisis
estadistico se realiz6 con la versién 25 del programa Statistical
Package for the Social Sciences (SPSS) de IBM. La incidencia se
calculé por cada 100.000 habitantes como incidencia acumu-
lada (IA)** o como incidencia acumulada de periodo (IAp)*. La
IA se calcul6 tomando la poblacién del padrén continuo del
Instituto Nacional de Estadistica (INE) al inicio del periodo y
excluyendo la poblacién de las CC. AA. que no notificaron casos
o brotes. La |Ap se obtuvo mediante el cociente del nimero
total de casos y del sumatorio poblacional de todo el periodo.

‘ RESULTADOS

Se notificaron 60.771 casos individualizados, con una mediana
de casos por afio de 9.181 (RIC: 3.001) y con 53 casos importa-
dos (0,19%) sobre los 28.233 con la informacién disponible. La
notificaciéon de los casos individualizados aumenté hasta 2016
con un pico de casos en 2018 (Figura 1). La IA anual fue 14,41
(2013); 22,86 (2014); 28,08 (2015); 32,05 (2016); 29,83 (2017);
32,89 (2018) y 24,82 (2019). La mediada de edad fue igual a 11
afos (RIC: 48). Se notificd informacion del ingreso hospitalario
en 22.625 casos individualizados (37,22%), hospitalizdndose el
34,12% (n=7.721 casos). Se notificaron 65 defunciones sobre los
20.703 registros con informacién (tasa de letalidad de 0,31%),
de las cuales solo 2 se produjeron en menores de edad. La me-
diana de edad de las defunciones fue de 77,5 afios (RIC: 29,5).

Hubo 24.096 altas hospitalarias con diagnéstico de salmone-
losis, produciéndose un decrecimiento gradual desde el 2016,
que ademds fue el afio con mayor nimero de altas (Figura 1).

KFigura 1. Distribucién por afios de los casos individualizados (n=60.771) y de las altas hospitalarias (n=24.848) de salmonelosis.\
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Las medianas de edad y de estancia hospitalaria fueron 46 anos
(RIC: 63) y 5 dias (RIC: 4), respectivamente. En 331 casos se re-
gistrd exitus al alta (tasa de letalidad 1,37%), presentando estos
casos una mediada de edad de 77 afios (RIC: 19).

Para los casos individualizados la IAp en hombres fue 27,76
(n=31.297) y en mujeres 25,05 (n=29.391), habiendo 83 casos sin
informacién para esta variable. Por edades la IAp en hombres fue
superior a la de las mujeres entre los 5y los 19 afios y a partir de
los 45 afos, mientras que en el resto sucedid lo contrario, aun-
que en ningln caso las diferencias fueron elevadas (Figura 2). La
mayor incidencia se dio en el grupo de 1 a 4 afios, sequido del de
menores de 1 afio y del de 5 a 9 afos.

Para las altas hospitalarias la IAp en hombres fue 8,32 (n=13.306)
y en mujeres 6,50 (n=10.788). La IAp fue superior en los menores
de un afo, a pesar de que también se encontraron incidencias
elevadas en el grupode 1 a 4 afios, en el de 75-84 afios y en el de
mayores de 84 afios (Figura 2). La IAp fue superior en los hom-
bres en la mayoria de los grupos etarios salvo en el de 20 a 24y
en el de 25 a 34 anos, siendo las diferencias mas acusadas en los
menores de un afnoy a partir de los 55 afios.

Se notificaron 2.233 brotes (Figura 3), con una mediana anual
igual a 317 (RIC: 165), de los cuales 3 fueron importados. El

nimero de casos asociados a los brotes fue de 15.903, con
una mediana anual de 2152 (RIC: 696). Del conjunto de bro-
tes, 1.918 (85,90%) fueron de origen alimentario (6 de ellos de
origen hidrico), con 15.001 casos asociados (94,30%); mientras
que los 315 brotes de otro origen (14,10%) presentaron 902
casos (6,70%). La mediana de casos por brote fue 4 (RIC: 5) en
los alimentarios y 3 (RIC: 1) en los de otro origen. Se declararon
3.044 casos hospitalizados asociados a los brotes sobre 15.073
casos con informacién (94,70%), suponiendo una tasa de hospi-
talizacién del 20,20%. El ndmero de defunciones durante el pe-
riodo analizado fue de 27 (tasa de letalidad del 0,20%). La ma-
yor parte de las defunciones se asociaron a brotes en el hogar
(n=15; 55%), sequido de los centros sociosanitarios (n=6; 22%).

La distribucién de los casos individualizados, de los brotes y de
las altas hospitalarias de salmonelosis mostré un marcado pa-
trén estacional, presentando las semanas epidemioldgicas de
los meses de julio a septiembre los valores (picos) mas elevados
(Figura 4), siendo el mes de agosto el de mayor nimero de no-
tificaciones en los 3 registros.

La informacién del serotipo se facilité en 22.240 registros indi-
vidualizados de casos (36,63%; IC: 36,25-37,02), con un total
de 83 serotipos diferentes. Los principales serotipos notifica-
dos fueron S. Typhimurium (n=13.126; 59%; IC: 58,37-59,67),

KFigura 2. Incidencia acumulada de periodo por 100.000 habitantes de los casos individualizados y de las altas hospitalarias de\
salmonelosis por grupos de edad y sexo. RENAVE y RAE-CMBD, Espafia 2013-2019.
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KFigura 3. Distribucién por afios del nimero de brotes de salmonelosis (n=2.233) y mediana de casos por brote. RENAVE, Espaﬁa\

2013-2019.
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S. Enteriditis (n=7.717; 34,69%; IC: 34,08-35,33); S. Typhimurium
monofdsica (n=622; 2,79%; IC: 2,58-3,02); S. Newport (n=103;
0,46%, 1C: 0,38-0,55) y S. Infantis (n=71; 0,32%; IC: 0,25-0,40).
El predomino de S. Typhimurium se mantuvo todos los anos,
aunque en 2013 su tasa de notificacion fue mds parecida a
la de S. Enteriditis, incrementdndose la diferencia entre ambas
paulatinamente hasta el 2018, momento en el que se volvi6 a
reducir por el decrecimiento de casos de S. Typhimurium (Figura
5). En el caso de los brotes el serotipo se notificé en 1.059 de
ellos, resultando el mds frecuente S. Enteriditis (n=802; 75,73%;
IC: 73,08-78,); sequido de S. Typhimurium (n=223, 21,05%;
IC: 18,68-23,59); S. Typhimurium monofdsica (n=12; 1,13%;
IC: 0,61-1,91); S. Newport y S. Infantis (ambos n=4; 0,37%; IC:
0,11-0,90). El predominio de S. Enteriditis en los brotes y de S.
Typhimurium en los casos individualizados se mantuvo cada
afo (Figura 5).

El alimento implicado se notificé en 1.481 brotes alimentarios
(77,28%; 1C: 75,37-79,13). Los alimentos implicados en mayor

nimero de brotes fueron los productos con huevo (huevo y
mayonesa), en 1.055 brotes (71,23%; IC: 68,89-73,50); los
productos carnicos (n=139; 9,38%, IC: 7,97-10,95), sobre todo
la carne de ave (n=62; 44,60%; IC: 36,49-52,94); el pescado y
marisco (n=32; 2,16%, IC: 1,50-3); y los productos de origen
vegetal (n=14; 0,94%; IC: 0,53-1,54). El dmbito de exposi-
cioén de los brotes se notificd6 ampliamente (n=2.143; 96%, IC:
95,09-96,73%), destacando en primer lugar el hogar (n=1.235;
57,62%; IC: 55,53-59,71), sequido de la restauracién colecti-
va (n=795; 37,09%; IC: 35,07-39,16). Los bares y restaurantes
(n=597; 75%; 1C: 71-78) fueron los mds habituales dentro de la
restauracion colectiva, sequido de los centros educativos (es-
cuelas y guarderias) (n=75; 9,43%; IC: 7,54-11,62). La mediana
de casos por brote en el conjunto de la restauracién colectiva
fue de 5 (RIC: 8) y en los hogares de 3 (RIC: 3). El contacto
con animales domésticos (perro, gato, caballo o tortuga) como
causa mas probable de transmision se notificé en 16 brotes,
destacando las tortugas en 11 de ellos.
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KFigura 4. Distribucién por semanas epidemioldgicas de los casos individualizados (n=60.771), de los brotes (n=2.233) y de las aItas\
hospitalarias (n=24.096) de salmonelosis. RENAVE y RAE-CMBD, Espafia 2013-2019.
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‘ DISCUSION

Se han notificado mas de 60.000 casos, mas de 2.000 brotes y
casi 25.000 hospitalizaciones de salmonelosis en Espafia entre
los afios 2013 y 2019, siendo el grupo de menores de 5 afos
el que presentd la mayor incidencia de acuerdo con nuestros
datos. El huevo fue el alimento mayormente implicado en los
brotes alimentarios y los hogares el ambito de exposicion mas
comun. Las serotipos Enteriditis y Typhimurium fueron los mds
descritos en nuestro pais.

La incidencia de salmonelosis fue incrementdndose hasta el afio
2016, probablemente por los cambios en la vigilancia al incluir-
se como enfermedad de declaracién obligatoria en 2015, dis-
minuy6 en 2017 y en 2018 presentd la A mas alta, volviendo a
disminuir en 2019, que también fue el afio de menor nimero de
brotes y de casos asociados, que en parte pudo deberse a la falta
de notificacién de los datos de 2019 durante el 2020 por la pan-
demia de SARS-CoV-2. Esta tendencia general no se describié en
la UE durante los ultimos afios, donde los casos de salmonelosis

se mantuvieron sin cambios significativos en el mismo periodo,
sin embargo, la menor tasa de notificacién de brotes en 2019
con respecto a los afios previos si se recogié en los Gltimos in-
formes conjuntos de zoonosis de la EFSA y del ECDC*Y. En este
altimo informe se menciona que algunos paises han informado
de falta de informacion debido a la pandemia, resultando dificil
valorar cémo ha podido influir en la notificacién de las distintas
zoonosis. En cuanto a las hospitalizaciones se produjo una dis-
minucion desde 2016, que podria ser similar a la tendencia de
los casos individualizados excepto por el aumento de casos que
observamos en 2018. Seria necesario hacer estudios mas deta-
llados para valorar el aumento de notificacién de casos en 2018,
que no se reflejé en el nimero de brotes ni en la hospitalizacion.

La mayor parte de los casos de salmonelosis fueron autécto-
nos coincidiendo con el Ultimo informe de zoonosis, en el que la
mayor parte de los casos confirmados de salmonelosis fueron
adquiridos dentro de la UE“ De los casos asociados a viajes en
la UE, los paises de contagio mds frecuentes fueron Espafa e
Italia® En el caso de los brotes importados desde fuera de Espa-
fia su notificacién fue muy escasa.
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KFigura 5. Evolucién en el tiempo de los principales serotipos de Salmonella. RENAVE, Espafia 2013-2019
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La incidencia de salmonelosis no tifoidea en funcion de la edad
se ha analizado en diversos trabajos, siendo generalmente su-
perior en menores de 5 afios!®?%, sequido de los menores de 5
a 14 afios'®?, coincidiendo con nuestros resultados. Esto podria
deberse a su mayor vulnerabilidad o la tendencia a diagnosti-
car mas a estas edades ya que suelen requerir ingreso hospi-
talario’. Nuestros resultados apoyaron este supuesto, ya que
para las altas hospitalarias las mayores incidencias también se
dieron en los bebés de 1 afio y en los menores de 1 a 4 afos.
Ademas, hay que considerar que la dosis infectiva de Salmonella
spp. es menor en la poblacién infantil”.

La incidencia global de casos fue ligeramente superior en hom-
bres que en mujeres al igual que en algunos estudios consulta-
dos'®2L% aunque en menores de 4 afos y en mujeres de me-
diana edad sucedi6 lo contrario. Sin embargo, en una revision
sistemdtica de Esan et al.® se citaron diversos articulos con ma-
yor incidencia en mujeres. En cambio, la mayor incidencia de
altas hospitalarias en hombres fue mas estable en casi todos
los grupos de edad.

El contacto con distintos animales (fauna silvestre, animales do-
mésticos, roedores o reptiles, entre otros) es un factor de riesgo
asociado con la salmonelosis®***?. Nosotros solo referimos el
contacto con animales en 16 brotes, la mayor parte por tenen-
cia de tortugas en el hogar, aunque sin demostrar una relacién
causal. Los brotes relacionados con tortugas domésticas se han
documentado en distintas regiones del mundo, afectando prin-
cipalmente a menores de 5 afios?. En Espafia se han descrito
brotes en Barcelona, Castellon y Vizcaya, aunque se asociaron
sobre todo a las variantes tifoideas® %,

El patrén estacional que hemos descrito para la salmonelosis
en los meses mds calurosos (desde junio a agosto) segln las
3 bases de datos es similar al de otras publicaciones*'17.2 | 3
mayor demanda en los meses estivales de servicios de restau-
racién colectiva, de eventos (bodas, campamentos de verano,
etc) y de algunas prdacticas culinarias como las barbacoas®®3,
podrian favorecer este patrén estacional. Ademds, hay que con-
siderar que cuando la temperatura ambiente es alta la repro-
duccién de Salmonella aumenta®3,
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Los serotipos que mds casos de salmonelosis causaron a ni-
vel mundial fueron Typhimurium y Enteriditis®®, aunque esta
distribucién varié segln la regién, de modo que en Europa los
mas prevalentes fueron Enteriditis, Typhimurium y Typhimu-
rium monofdsica®?Y. Asimismo, tanto en el tltimo informe de
zoonosis como en algunos estudios consultados, S. Enteriditis
fue el serotipo mas prevalente tanto en los casos como en los
brotes*>. Nuestros resultados no coincidieron del todo con
esta distribucién ya que la variante mayoritaria en los brotes
fue S. Enteriditis (75,54%) mientras que en los casos individua-
lizados fue S. Typhimurium (59%) en cada afio analizado. Otro
serotipo cuya importancia se ha incrementado en los Gltimos
afios es S. Infantis®* (el quinto mds identificado en nuestros
casos y brotes), que podria deberse al elevado porcentaje de
aislamientos positivos en muestras de alimentos de origen
animal, sobre todo en pollos de engorde, o a la distribucién
mundial de este serotipo®.

La transmision de este microorganismo se asocia frecuentemen-
te al consumo de agua y alimentos contaminados, facilitada por
las condiciones deficientes de higiene”. El huevo es el alimento
que se asocia a la mayor parte de los brotes de salmonelosis
en las personas, sequido de la carne de cerdo y otros produc-
tos carnicos*#173435 situacién que también identificamos ya
que los productos con huevo implicaron a mds del 70% de los
brotes. La relacién encontrada entre el consumo de productos
con huevo y los brotes de salmonelosis en Espafa, asi como
el porcentaje de aislamientos positivos de S. Enteriditis descri-
to en la UE en pollos de engorde (71,7%), ponedoras y huevos
(24,9%)*, podrian explicar que fuese el serotipo mas notificado
en los brotes que investigamos. Los hogares se mostraron como
el dmbito mds frecuente en los brotes notificados, seqguido de la
restauracién colectiva, coincidiendo con otras publicaciones**Y’.
Esta situacién quizds pueda deberse, en parte, a una mayor fa-
cilidad de deteccion de los brotes en estos dmbitos, o a una
relajacion de las medidas preventivas en el hogar (limpieza de
manos y superficies, adecuado cocinado de los alimentos, etc.).

La tasa de hospitalizacion descrita en los brotes (20,20%) fue
superior a la de otros trabajos publicados? e inferior a la del
Gltimo informe sobre zoonosis de la UE (21,2%)%. Para los casos
individualizados también fue inferior (34,12%) a la de este infor-
me (38,90%)“. La mayor tasa de hospitalizacion en los casos in-
dividualizados frente a los brotes pudo deberse, en parte, a que
los casos sospechosos que si se incluyeron en la notificacién de
los brotes no lo fueron en los casos individualizados, pudiendo
haber sido estos mds leves y no haber requerido diagnéstico
microbioldgico. No obstante, la informacién sobre la hospitali-
zacién se cumplimentd menos en el registro de casos individua-
lizados (37,22%) que en el de brotes (94,70%).

Segun el ultimo informe de zoonosis de la UE, la tasa de leta-
lidad fue igual al 0,22% en los casos individualizados y 0,12%

en los brotes. En nuestro caso la tasa de letalidad fue igual
a 0,31% en los casos individualizados; 0,20% en los brotes; y
1,37% en las altas hospitalarias. Esta mayor letalidad podria
explicarse parcialmente por un menor diagnédstico de los casos
leves, porque las defunciones se produjeron mas en personas
de avanzada edad (mediana de edad de los casos igual a 77,5
afos) y en Espafia esta poblacidn es significativa, o incluso por
las caracteristicas de las cepas circulantes en nuestro pais, ya
que el principal serotipo detectado en los casos en nuestro pais
no coincidié con el de otros paises.

Una de las principales limitaciones de este trabajo radica en que
cada pais tiene sus propios sistemas de vigilancia, por lo que
los resultados no son del todo comparables, pudiendo comparar
Gnicamente las tasas de notificacion y no las incidencias reales.
Otra limitacién destacable es la falta de informacién y el retraso
en la notificacién dentro del territorio nacional. Algunas CC. AA.
solo notificaron un brote de salmonelosis a la RENAVE y otras
dejaron de hacerlo en 2015. Por otro lado, algunas CC. AA. no
notificaron casos individualizados y otras solo notificaron uno,
por lo que los resultados pueden estar infraestimados. Tampoco
ha sido posible comprobar si los casos individualizados notifica-
dos incluyeron todos aquellos asociados a los brotes al no estar
disponible esa informacién en la mayor parte de los registros.

‘ CONCLUSIONES

La salmonelosis sigue siendo una enfermedad con una elevada
incidencia en Espafia. Los menores de 5 afios fueron el grupo
etario mds afectado en las altas hospitalarias y en los casos
individualizados. Nuestros resultados reflejaron la disminucién
de la salmonelosis en 2019, tanto en los casos individualizados
como en los brotes y las altas hospitalarias. Sin embargo, en
2018 se produjo un incremento en la notificacion de casos in-
dividualizados que habria que estudiar con mayor profundidad.
El huevo y sus derivados son los alimentos que se asocian en
mds ocasiones a brotes alimentarios, siendo estos brotes mas
frecuentes en el hogar. El andlisis conjunto de varias fuentes de
informacién contribuye a mejorar la vigilancia epidemiolégica al
aportar informacién complementaria relevante para la toma de
decisiones.
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