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El sobrepeso y la obesidad se defi nen como un depósito anormal o excesivo de grasa corporal. El aumento 
de su prevalencia en las últimas décadas lo convierte en uno de los principales problemas de salud pública que  
afecta a 42 millones de niños menores de 5 años en el mundo (1). Su presencia durante la infancia puede ser 
causa de enfermedades metabólicas hasta ahora consideradas típicas del adulto y mortalidad prematura, por lo 
que su correcto diagnóstico y tratamiento son fundamentales. 

Para el diagnóstico de la obesidad en la infancia se emplean habitualmente los puntos de corte del índice 
de masa corporal (IMC) (2). Sin embargo, el IMC es más un marcador de corpulencia que de adiposidad, y no 
permite distinguir entre masa grasa (MG) y masa libre de grasa (MLG). Además, su relación con la masa grasa 
(MG) varía con el sexo y la edad (3); mientras que el IMC aumenta linealmente con la edad, la MG se estabiliza o 
incluso disminuye entre los 8 y los 12 años (4). Teniendo en cuenta que la masa grasa (MG) es la principal res-
ponsable de las complicaciones asociadas a la obesidad, su medición ha de constituir un elemento fundamental 
en la valoración de todo paciente obeso.

El trabajo de Vázques y cols. (5) en este número de la revista compara modelos de dos (2C) y cuatro com-
partimentos (4C) para evaluar la MG en escolares chilenos obesos, utilizando dilución isotópica, pletismografía, 
absorciometría por rayos X de doble fotón (DEXA) y bioimpedancia. Sus autores concluyen que el modelo de 2C 
con dilución isotópica y DEXA es el más preciso para determinar la MG en niños y adolescentes obesos.

Existe una gran variedad de técnicas para medir la composición corporal, que van desde modelos más sen-
cillos de 2C, los cuales dividen el cuerpo en MG y masa libre de grasa (MLG), a modelos más complejos de 3 y 
4C, que resultan de dividir la MLG en sus distintos componentes (agua, proteínas y minerales). Si bien algunos 
métodos son más exactos que otros, no hay un gold estándar para el estudio de la composición corporal en la 
infancia y la adolescencia, dado que todos los métodos utilizan asunciones que pueden no ser válidas en todos 
los casos. La mayoría de los estudios en edad pediátrica utilizan modelos de 2C basados en la ecuación de Siri, 
asumiendo que la MLG tiene una densidad constante. Esto en muchos casos puede sobreestimar el porcentaje 
de MG, puesto que los niños tienen una menor proporción de proteínas y minerales, y, por tanto, una menor 
proporción de MLG (6).

Los modelos de 4C cuantifi can la MG y MLG de forma más precisa al tener en cuenta la variabilidad de los 
distintos componentes, más allá de asumir una densidad constante de la MLG (7). Sin embargo, su coste y la 
necesidad de equipos sofi sticados limitan su uso en la práctica clínica. En concordancia con los resultados de 
Vázques y cols., otros trabajos han demostrado que la dilución isotópica y el DEXA son los métodos más precisos 
para determinar la MG y MLG (8-10). No obstante, a pesar de su fi abilidad para medir la MG, nuevamente el 
coste y la difi cultad para disponer del material y equipos necesarios, hacen que su uso se vea relegado funda-
mentalmente a la investigación. 

Son necesarias, por tanto, técnicas más sencillas y asequibles, que, junto con los parámetros antropométri-
cos, nos permitan el estudio de la MG. En este sentido la bioimpendancia se ha utilizado para la valoración de la 
CC en numerosos estudios en niños y adolescentes, y es una de las técnicas más empleadas en la edad adulta. 
Los resultados de los estudios, en comparación con técnicas de referencia como el DEXA, demuestran en la 
mayoría de los casos una infraestimación de la MG (11). Esta infraestimación de la MG es más frecuente con 
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e d i t o r i a l los equipos monofrecuencia a 50 kHz, como el utilizado en el estudio de Vázquez y cols. Estos equipos emplean 
además ecuaciones predictivas específicas, con la limitación añadida de que existen pocas validadas en edad 
pediátrica. En la actualidad se han desarrollado equipos multifrecuencia segmentarios, que utilizan ecuaciones 
genéricas y permiten disminuir el error de los equipos monofrecuencia, y podrían convertirse en una alternativa 
sencilla y precisa para valorar los cambios de composición corporal en niños y adolescentes. 

Diego Bellido1 y Virginia Bellido2

1Sección de Endocrinología y Nutrición. Complejo Hospitalario Universitario de Ferrol. Ferrol, A Coruña. 2Sección de 
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Resumen
Introducción: la disfagia es común en pacientes con esclerosis lateral amiotrófi ca (ELA) y pude resultar en desnutrición. Se recomienda la 
gastrostomía endoscópica (PEG) cuando la alimentación oral no es más segura. Este trabajo tiene como objetivo evaluar la efi cacia y seguridad 
de la alimentación por PEG en la mejora de los parámetros nutricionales y de pronóstico en pacientes con ELA.

Métodos: estudio observacional y retrospectivo que utilizó los registros clínicos de pacientes con ELA referidos para gastrostomía. Se recogieron 
datos sobre la edad, el género y la mortalidad. Se registró el NRS 2002, el índice de masa corporal (IMC), la albúmina sérica, la transferrina y el 
colesterol total en el momento de PEG (T0) y después de 3 meses (T3). 

Resultados: fueron recolectados los datos de 37 pacientes con ELA (18 hombres/19 mujeres), con edades comprendidas entre 43-88 años 
(media: 69 años). Todos los pacientes presentaron NRS 2002 ≥ 3 puntos. En promedio, los pacientes fueron sometidos a gastrostomía 11 meses 
después del diagnóstico. No hubo complicaciones mayores del procedimiento. La media de supervivencia después del diagnóstico de ELA fue de 
22,2 meses. La tasa de mortalidad a los 3 meses fue de 21,6%, con una supervivencia media de 1,.2 meses después de PEG. Los niveles 
de albúmina, transferrina y colesterol aumentaron de T0 a T3, sin embargo sin alcanzar signifi cación estadística. Mayores niveles de albúmina 
(R = 0,3) y de transferrina séricas (R = 0,4) en el momento de PEG tienden a estar correlacionados positivamente con una supervivencia más larga. 
El IMC medio fue similar en los dos momentos, pero valores iniciales más altos están asociados con un mejor pronóstico (R2 = 0,39, p < 0,05).  

Conclusiones: PEG es una técnica segura y efi caz para la nutrición enteral y se debe considerar temprano en pacientes con ELA y disfagia. 
Un mayor IMC predice una mayor supervivencia. La asociación entre proteínas séricas más altas y la supervivencia debe ser confi rmada en 
estudios posteriores.

Abstract
Background: Dysphagia is common in amyotrophic lateral sclerosis (ALS) and may result in malnutrition. Endoscopic gastrostomy (PEG) is 
recommended when oral feeding is unsafe. This work aims to assess the effectiveness and safety of PEG feeding on improving nutritional and 
prognostic parameters in ALS patients.

Methods: Observational and retrospective study using records from ALS patients referred for gastrostomy. Age, gender and mortality data were 
collected. NRS 2002, body mass index (BMI), serum albumin, transferrin and total cholesterol were recorded at the time of PEG (T0) and repeated 
after 3 months (T3). The evolution of these parameters was analysed and compared to survival.

Results: Data from 37 ALS patients (18 men/19 women) aged 43-88 years (mean: 69 years). All patients presented NRS 2002 ≥ 3 points. On 
average, patients underwent gastrostomy 11 months after diagnosis. No major procedural complications occurred. Mean survival after diagnosis 
was 22.2 months. Mortality rate at 3 months was 21.6% with a mean survival after PEG of 11.2 months. Albumin, transferrin and cholesterol 
levels increased from T0 to T3 without reaching statistical signifi cance. Higher albumin (R = 0.3) and transferrin (R = 0.4) at admission tend to 
be positively correlated with survival. Mean BMI was similar at the two moments but higher initial values were associated with better outcome 
(R2 = 0.39, p < 0.05).

Conclusions: PEG is a safe and effective technique for enteral feeding and should be considered early in ALS patients with dysphagia. Higher 
BMI predicts longer survival. The association between higher serum proteins and survival must be confi rmed in further studies.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a severe and relentless-
ly progressive neurodegenerative disease of unknown aetiology, 
characterized by the degeneration of both upper and lower motor 
neurones, leading to progressive muscle paralysis (1). ALS affects 
1.7-2.1 per 100,000 person/years worldwide, most cases are 
sporadic (90-95%), there is a slight male gender predilection, 
and the mean age at diagnosis is 60 years (2).

The classical limb-onset form of the disease is mainly charac-
terized by focal muscle weakness and wasting in the limbs (due to 
spinal cord involvement), while the bulbar-onset form usually pre-
sents with dysarthria, dysphagia and dyspnoea, with limb features 
developing later in the course of the disease (1). Additional clinical 
features include cognitive impairment (frontotemporal dysfunc-
tion), constipation, anxiety, depression, fatigue and insomnia (3). 
Since disease-modifying treatment is limited to riluzole (extends 
survival of patients by 3-6 months), symptomatic treatments, 
namely nutritional support, remain the keystone of ALS manage-
ment. Notwithstanding, death due to respiratory failure ultimately 
occurs within 2-5 years after diagnosis (1).

During the course of ALS, a decline in nutritional status is 
common. Weight loss may be explained by several factors, in-
cluding reduced food intake associated with decrease strength 
for food manipulation and chewing, impaired salivary secretion, 
swallowing difficulties, constipation and fear of pulmonary aspir-
ation. On the other hand, most of these patients present a state 
of hypermetabolism that increases resting energy expenditure 
and  c alor ic requirements (4-6). Malnutrition is an independent, 
negative, prognostic indicator for survival as it may exacerbate 
catabolism, atrophy of respiratory muscles and weakness the im-
mune system, thus contributing for a higher risk of infection (6,7).

Interventions to maintain adequate nutritional intake include 
altering food consistency, increasing the number of daily meals 
and the use of feeding assistance devices and high calorie sup-
plements. However, as dysphagia gradually progresses, enteral 
feeding is often required in the nutritional management of these 
patients (7). Percutaneous endoscopic gastrostomy (PEG) is used 
to improve nutrition in patients with ALS who develop severe dys-
phagia, so that food and liquid can bypass normal oral entry and 
be delivered directly through the PEG tube, therefore avoiding mal-
nutrition and dehydration. PEG feeding also prevents food aspira-
tion episodes, which can contribute to respiratory function decline 
and death, although microaspiration of oropharyngeal secretion 
remains possible in PEG-fed patients. Nevertheless, the timing of 
gastrostomy is not consensual, the optimal parameters of enteral 
feeding are not known and its potential disease-modifying effects 
remain uncertain (8,9).

According with different guidelines and recommendations (9-
12) endoscopic gastrostomy is a safe procedure. It should be 
considered early when dietary counselling for food modification 
is not sufficient and nutrition status is compromised by severe 
dysphagia and weight loss (5-10% of usual body weight). Forced 
vital capacity (FVC) should stay above 50% at the time of the PEG 
procedure to prevent aspiration and minimize the respiratory risks 

associated with the technique. However, some trials showed that, 
even in patients with severe ventilatory compromise, PEG can be 
placed safely (9-12).

Recent systematic reviews showed no randomised controlled 
trials assessing the outcome of tube fed patients with ALS and 
indicating whether enteral nutrition is beneficial compared to the 
maintenance of oral feeding. The benefits of PEG on improving 
nutritional status have been shown in observational studies but 
have not been carefully tested. Some researchers describe an 
increase in survival time but strong results were not uniformly 
reported (7-8,11,13-15).

The present work aims to assess the effectiveness of PEG feed-
ing for nutritional support in ALS patients through a retrospective 
review of the experience of our enteral feeding team. We intend to:

–  Characterize the nutritional status of ALS patients referred 
for gastrostomy using anthropometric and laboratory data.

–  Assess the survival of those patients and to identify factors 
that are associated with shorter or longer survival after the 
gastrostomy procedure.

–  Ascertain the effectiveness of PEG in improving parameters 
usually associated with nutritional status and prognosis, in-
cluding Body Mass Index (BMI), serum proteins and serum 
total cholesterol.

–  Demonstrate the safety of PEG and its low complication rate.

MATERIALS AND METHODS

STUDY DESIGN

A single centre, observational, longitudinal and retrospective 
study was performed in a large hospital setting. This project was 
approved by the Ethic Committee of our hospital.

PATIENTS

We studied consecutive patients with ALS that were referred to 
the Enteral Feeding Team (GENE) of the Gastroenterology Depart-
ment of Hospital Garcia de Orta from 2003 until 2015, underwent 
endoscopic gastrostomy to improve nutritional support and were 
followed at the Artificial Nutrition Outpatient Clinic.

The diagnosis of ALS was made according to the revised El Es-
corial criteria published by the World Federation of Neurology (16) 
and all patients were previously assessed by a neurologist. Only 
patients who fulfilled the revised El Escorial criteria for a definite 
ALS diagnosis were enrolled. The indications for gastrostomy were 
the presence of malnutrition defined by clinical, anthropometric and 
laboratory data, persistent moderate-severe dysphagia with chew-
ing and swallowing compromise or at least one previous episode 
of aspiration pneumonia. Study exclusion criteria included diag-
nosis of other neurodegenerative diseases with motor impairment 
as well as patients with terminal ALS and an admission-estimated 
life expectancy less than one month. Patients under non-invasive 
ventilation were also not eligible for endoscopic gastrostomy.
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Furthermore, all patients included had normal lung auscultation 
and peripheral oxygen saturation (> 90%). No severe respiratory 
compromise was evident despite pulmonary function tests were 
not routinely performed.

CLINICAL OUTCOME

According to the clinical outcome, patients were divided into 
three categories: alive and still PEG fed, deceased, and lost to 
follow-up. All the patients with unknown survival status were con-
sidered lost for follow-up. Time span from ALS diagnosis until the 
gastrostomy procedure and death (or until June 30th 2015) was 
rounded up to the nearest month. Reports of major complications 
were evaluated.

NUTRITIONAL RISK SCREENING 2002

NRS 2002 was performed in every patient as part of a system-
atic hospital routine.

ANTHROPOMETRIC EVALUATION

Anthropometric evaluation was performed, according with 
the ISAK manual of International Society for the Advancement of 
Kinanthropometry, just before the gastrostomy procedure (T0), 
between 8:00 and 10:00 AM. The average of three consecutive 
measurements was then recorded on the patients´ file. The an-
thropometric evaluation was repeated three months later (T3) for 
surviving patients not lost to follow-up:

1.  Body Mass Index (BMI) was obtained in most patients 
using the equation Weight/Height2. If patients were un-
able to easily stand up for weight and height evaluation, 
BMI was estimated using the Mid Upper Arm Circum-
ference (MUAC) and regression equations described by 
 Powell-Tuck and Hennessy (17) which were previously 
been used and proved to provide a reliable BMI estimation 
in PEG feeding patients (20). Each patient was classified 
according to age: having low weight if BMI < 18.5 kg/m2 
for patients under 65 years or BMI < 22 kg/m2 for patients 
65 years old or older (19).

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

LABORATORY EVALUATION

 A blood sample for serum albumin, transferrin and total chol-
esterol was obtained minutes before endoscopic gastrostomy 
(T0), between 8:00 and 10:00 AM following at least 12 hours 
of fasting. The whole laboratory evaluation was repeated three 
months later (T3) for surviving patients not lost to follow-up. 

 Values of  albumin < 3.5 g/dL, transferrin < 200 mg/dL and total 
cholesterol < 160 mg/dL were considered low values, suggestive 
of malnutrition and/or poor prognosis.

STATISTICAL ANALYSIS

The statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS® Inc., Chicago, IL), version 21, 
and Microsoft Office Excel Professional 2013®. The demographic 
variables analyzed in every patient were age, gender, time span 
from diagnosis until PEG, survival after diagnosis until death (or 
until June 30th 2015), and survival after PEG until death (or June 
30th 2015).

The anthropometric and laboratory variables considered at T0 
and T3 were: BMI, serum albumin, transferrin and total cholesterol 
levels.

After a descriptive analysis of all the variables, we applied a 
Student T Test with paired samples to compare the evolution of 
BMI, albumin, transferrin and cholesterol at the two moments, a 
Pearson Test to assess the correlation between those markers 
and patient survival, and a multivariate analysis using the ordin-
ary least squares (OLS) regression model. Inferential tests were 
performed at the 5% level of statistical significance.

RESULTS

PATIENTS

This study involved 37 ALS patients (18 men and 19 women) 
ranging from 43 to 88 years old (mean: 69 years; median: 
71 years) that underwent PEG for nutritional support. Only 12 in-
dividuals were younger than 65 years. The demographic data of 
our sample are displayed in table I.

All patients had a definite ALS diagnosis according with the re-
vised El Escorial criteria. The major indication for gastrostomy was 
established malnutrition or evidence of high nutritional risk associ-
ated with persistent moderate-severe dysphagia. All patients were 
previously assessed by a speech therapist with a large experience 
in swallowing evaluation who confirmed the aspiration risk. Never-
theless, none of the patients developed aspiration pneumonia.

Twenty-two patients presented with bulbar-onset symptoms 
and 15 with the spinal form of the disease. Time span from ALS 
diagnosis to gastrostomy ranged from zero to 49 months (mean: 
11 months; median: 6.5 months) and did not differ between ALS 
bulbar and spinal form. Nine patients (24%) underwent PEG within 
the first month after diagnosis.

NUTRITIONAL RISK SCREENING 2002

NRS 2002 was performed in every patient as part of the hos-
pital routine. NRS 2002 was ≥ 3 points in all patients, signalling 
high nutritional risk.
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CLINICAL OUTCOME

By the end of June 2015, from the 37 included patients, 32 
have died, two were alive and still PEG fed and three were lost to 
follow-up. It was possible to perform PEG in all referred patients 
with no major procedural complications.

Survival after PEG ranged from less than one month (two pa-
tients) to a maximum of 58 months. Mean survival after PEG in-
sertion was 11.2 months (median: eight months). Mortality rate at 
three months was 21.6%. Mean survival after ALS diagnosis was 
22.2 months (minimum two; maximum 64; median 18 months). 
Patient age was poor correlated with survival after ALS diagnosis 
until death (R = - 0.1, p = 0.46) and survival after PEG (R = - 0.1, 
p = 0.63). There were no differences in survival after diagnosis 
and survival after PEG between genders and the two presentation 
forms. A survival analysis after endoscopic gastrostomy using Ka-
plan Meier method is shown in figure 1.

No episodes of aspiration were documented after the gastros-
tomy procedure.

ANTHROPOMETRY

Regarding the 37 patients included in this study, we obtained 
BMI from 32 patients at admission (T0). In 26 patients, BMI was 
assessed using the equation weight/height2, and in the remaining 
six patients it was estimated using Powell-Tuck and Hennessy 
regression equations. At admission, BMI ranged from 16 to 33 
(mean: 21.5; median: 21) and, adjusting to age, 15 patients dis-
played low BMI.

In the clinical assessment performed after three months of PEG 
feeding (T3) we recorded BMI data from 23 patients out of the in-
itial 32. BMI values ranged from 14 to 31.5 (mean: 21.4; median: 
21.3). Eleven patients displayed low BMI. However, eight patients 
died before the three months anthropometric evaluation and one 
was lost for follow-up.

Among the patients for whom BMI evolution was known, the 
number of low BMI patients at T0 and T3 was similar. Using a 
Student T test with paired samples to compare means, BMI did not 
increase after three months of PEG feeding (IC95%: 21.6-21.5, 
p = 0.83) (Table II).

There was a positive correlation between BMI and survival (R = 0.3) 
that almost reached statistical significance (p = 0.06) (Fig. 2).

LABORATORY ASSESSMENT

At admission, serum albumin, transferrin and total cholesterol 
levels were recorded in 34, 30 and 34 patients, respectively: 
12 displayed low albumin, 10 low transferrin and eight low total 
cholesterol.

Table I. Baseline patients’ characteristics according with age
< 65 years 66-75 years > 75 years Total

Male 6 (16%) 6 (16%) 6 (16%) 18 (48%)

Female 6 (16%) 8 (22%) 5 (14%) 19 (52%)

NRS 2002 (≥ 3 points) 12 (32%) 14 (38%) 11 (30%) 37 (100%)

Low BMI 3 (8%) 7 (19%) 5 (14%) 15 (41%)

Normal BMI 8 (22%) 6 (16%) 13 (35%) 17 (73%)

Low albumin < 3.5 g/dL 3 (8%) 5 (14%) 4 (11%) 12 (33%)

Normal albumin 8 (22%) 9 (24%) 5 (14%) 22 (60%)

Low transferrin < 200 mg/dL 3 (8%) 4 (11%) 3 (8%) 10 (27%)

Normal transferrin 6 (16%) 9 (24%) 5 (14%) 20 (54%)

Low total cholesterol < 160 mg/dl 3 (8%) 2 (5%) 3 (8%) 8 (22%)

Normal total cholesterol 8 (22%) 12 (32%) 6 (16%) 26 (70%)

Figure 1. 

Kaplan Meier curve of Patient Survival after Percutaneous Endoscopic Gastrostomy 
(survival analysis).
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At T3, serum albumin, transferrin and total cholesterol levels 
were obtained in 22, 21 and 20 patients, respectively. From these 
patients, three displayed low albumin, nine low transferrin and two 
low total cholesterol.

Analysing these data using a Student T test with paired sam-
ples to compare means we found that serum albumin (IC95%: 
3.8-3.9, p = 0.30), transferrin (IC95%: 206-213, p = 0.46) and 
total cholesterol levels (IC95%: 204-205, p = 0.97) were slightly 
improved after 3 months of PEG feeding, but not reaching statis-
tical significance (Table II).

Data from Pearson correlation test showed that high albumin 
(R = 0.3, p = 0.35) and transferrin (R = 0.4, p = 0.26) were 
positively correlated with longer survival in the group of patients 
who had low levels of these markers at admission, although not 
reaching statistical significance (Fig. 2).

There was no linear correlation between total cholesterol levels 
and survival after PEG (R = - 0.06; p = 0.89).

A multivariate analysis, using the ordinary least squares re-
gression model (OLS), was also performed to assess the rela-
tionship between BMI, biochemical markers and patient survival. 
This approach revealed a positive impact of high initial BMI on 
survival (R2 = 0.39; p = 0.004). Data regarding albumin, trans-
ferrin and total cholesterol (p > 0.05) failed to achieve statistical 
significance.

DISCUSSION

Neurological dysphagia, the most important cause of malnutri-
tion in ALS, is a classical indication for endoscopic gastrostomy 
in this setting. Besides its potential negative impact on nutritional 
status, dysphagia raises other important concerns, such as pre-
disposition to aspiration pneumonia and pneumonitis, frequent 
hospital admissions, accelerated functional decline, and overall 
poor prognosis (8,9).

ALS is a chronic, incurable, and inexorably progressive neuro-
degenerative disease (1). Because of the scarcity of disease 
modifying treatments, supportive measures, including nutritional 

status improvement, remain the mainstay of care in ALS. When 
these patients become malnourished and oral feeding is deemed 
unsafe, PEG can be placed in order to maintain hydration and 
muscle mass, avoid micronutrient deficiency, as well as prevent 
further complications associated with dysphagia (6,7).

For over a decade, a considerable number of ALS patients at 
high nutritional risk were referred to our centre. PEG placement 
for nutritional support was decided, according to the existing 
guidelines, taking into account the severity of dysphagia, and the 
patient’s comorbidities and performance status. With the present 
study, we intended to assess the effectiveness and safety of PEG 
feeding, an efficient method of prolonged enteral nutrition in ALS 
patients.

Considering the small prevalence of the disease, its rapidly 
progressive nature and the fact that not all patients present with 
dysphagia or have indication for gastrostomy, we were still able 
to study an appreciable number of ALS patients for a single cen-
tre. Most of our patients were older adults with a slight female 
predominance. Survival after diagnosis ranged from two months 
to approximately five years, with a mean of almost two years. 
This high short-term mortality rate has been previously reported 
in literature. During the course of the disease our patients were 
gastrostomized, on average, 12 months after diagnosis, and sur-
vived around a year after the procedure. Mortality after gastros-
tomy was not negligible, with 21.6% of the patients dying within 
the first three months. Specific causes of death were not exam-
ined because most patients died outside the hospital and we could 
not access their death certificates. However, we admit probable 
development of respiratory failure caused by disease progression 
in most cases.

Several patients were referred to our department with estab-
lished malnutrition, as defined by both anthropometric and labora-
tory parameters. We evaluated BMI on admission in most patients, 
since it is the anthropometric parameter most frequently used to 
assess nutritional status. However, between the two evaluations, 
mean BMI did not increase and the number of malnourished 
patients according with this parameter remained the same. We 
believe that, for ALS patients, three months may be a too short 

Table II. Body mass index (BMI) and laboratory parameters evolution during patient  
follow-up (paired samples)

n = 23
BMI - weight/height2

n = 22
Albumin

n = 21
Transferrin

n = 20
Total cholesterol

Malnourished
Well  

nourished
Low <  

3.5 g/dL
Normal

Low <  
200 mg/dL

Normal
Low <  

160 mg/dL
Normal

Patients T0 11 (47,8%) 12 (52,2%) 6 (27,3%) 16 (72,7%) 7 (33,3%) 14 (66,7%) 3 (15%) 17 (85%)

Patients T3 11 (47,8%) 12 (52,2%) 4 (18,2%) 19 (86,4%) 9 (42,9%) 12 (57,1%) 2 (10%) 18 (90%)

Mean + Std T0 21,6 ± 3,6 3,8 ± 0,5 206 ± 33 204 ± 44

Mean + Std T3 21,5 ± 3,8 3,9 ± 0,6 213 ± 42 205 ± 34

T test - 0,1 (p = 0.83) 0,1 (p = 0.30) 7 (p = 0.46) 1 (p = 0.97)
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time period to achieve significant changes in weight, which re-
quires protein synthesis and increased cell turnover in order to 
replenish metabolic reserves and improve muscle and fat mass. 
BMI changes may need a period longer than three months to 
become noticeable, which can be infeasible in this clinical setting.

Compared to the initial evaluation, fewer laboratory data were 
available at 3 months, chiefly because some patients did not sur-
vive or did not return for further assessment. Our results show that 
mean serum albumin, transferrin and total cholesterol increased 
slightly after 3 months of adequate PEG feeding. However, this 
difference was not statistically significant. This was probably due 
to the small number of patients that participated in both T0 and T3 
laboratory evaluations. We conceive that PEG feeding may have a 
favourable biochemical effect and that a longer period using this 
approach can also have a positive anthropometric repercussion.

In addition, patients with higher serum proteins and/or higher 
BMI prior to gastrostomy appear to survive longer, though not 
significantly. The low Pearson correlation coefficients and high 
p-values obtained may again be attributed to the small sample 
size. However, when we performed a multivariate analysis we 
were able to verify that higher BMI significantly correlates with 
lower mortality, which supports the importance of maintaining 
good nutritional and physical status to improve prognosis.

No major procedural complications were observed in this study, 
confirming that, despite its (minimally) invasive nature, PEG is a 
safe procedure. Fear regarding patients’ intolerance to the PEG 
procedure due to respiratory failure is common in ALS. Yet, it was 
possible to perform the technique without significant risks to our 
patients, as they did not have significant ventilatory compromise at 
admission. However, of note, pulmonary function was not routinely 
studied in all of our patients as most of them had severe malnutri-
tion and considering that the alternative to feed this patients was 
a surgical gastrostomy (radiological guided gastrostomy is not 
performed in our institution) with much more risks in this disease 
we did not consider this tests essential. Furthermore, there are 
some studies showing that even with impaired respiratory function 
PEG could be made safely (14).

This study has some limitations. First, it is a retrospective study 
and the collected data is dependent on the accuracy of the clinical 
files. Second, we used a convenience sample, individuals were not 
randomized, and there was no control group to compare survival 
between patients that underwent PEG and those who did not. 
Randomization and blinding are virtually impossible in this clinical 
setting, as the PEG procedure must be individually debated with 
the patient and the caregivers. Third, despite the small number of 
patients lost to follow-up, several anthropometric and laboratory 
markers were not available at the 3 months evaluation, limiting 
the T0-T3 comparison. The sample is homogeneous in terms of 
indication for gastrostomy and dysphagia severity but its small size 
may be an important obstacle when trying to establish stronger 
conclusions. Lastly, serum albumin, transferrin and total choles-
terol may also be influenced by multiple factors besides nutrition, 
as they are negative acute phase reactants.

Our results clearly show that established malnutrition prior to 
gastrostomy is associated with poor survival. PEG can successfully 

Figure 2. 

T0 body mass index and serum proteins correlation with patient survival (months).
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deal with the problem of dysphagia by maintaining the nutritional 
status and reducing the aspiration risk. The use of PEG in correcting 
malnutrition seems to be effective but needs to be confirmed in a 
larger and more representative sample. Nevertheless, our results 
suggest that early optimized nutritional support, while being as-
sociated with a decreased risk of aspiration and malnutrition, can 
possibly explain some cases of prolonged survival in our sample.

CONCLUSIONS

Dysphagia plays an important role in the development of mal-
nutrition among ALS patients. From our experience in this study, 
PEG is a safe procedure in this clinical setting and that short-term 
survival after endoscopic gastrostomy is substantial, particularly 
when considering the poor overall survival after diagnosis. Higher 
BMI at admission clearly predicts a better outcome. PEG-feeding 
may avoid deterioration of nutritional status, but its effectiveness 
to correct established malnutrition, and improve BMI and other 
biochemical parameters needs to be confirmed in larger studies. 
Based on our results we recommend early enteral feeding through 
PEG in ALS patients with dysphagia considering that an early 
optimized nutritional status may contribute to longer survival.

ETHICAL APPROVAL

All procedures performed were in accordance with the ethic-
al standards of the institutional and/or national committee and 
with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards.

REFERENCES

1. Kiernan MC, Vucic S, Cheah BC, Turner MR, Eisen A, Hardiman O, et al. Amyo-
trophic lateral sclerosis. Lancet 2011;377(9769):942-55. DOI: 10.1016/
S0140-6736(10)61156-7.

2. Logroscino G, Traynor BJ, Hardiman O, Chiò A, Mitchell D, Swingler RJ, et al. 
Incidence of amyotrophic lateral sclerosis in Europe. J Neurol Neurosurg 
Psychiatry 2010;81:385-90.

3. Tiryaki E, Horak HÁ. ALS and other motor neuron diseases. Continuum (Minneap 
Minn) 2014;20(5):1185-207. DOI: 10.1212/01.CON.0000455886.14298.a4. 
Review.

4. Shoesmith CL, Strong MJ. Amyotrophic lateral sclerosis. Update for family 
physicians. Can Fam Physician 2006;52:1562-69.

5. Desport JC, Preux PM, Magy L, Boirie Yves, Vallat JM, Beaufrère B, et al. 
Factors correlated with hypermetabolism in patients with amyotrophic lateral 
sclerosis. Am J Clin Nutr 2001;74:328-34.

6. Rosenfeld J, Ellis A. Nutrition and Dietary Supplements in Motor Neuron Disease. 
Phys Med Rehabil Clin N Am 2008;19(3):573-x. Doi:10.1016/j.pmr.2008.03.001.

7. Limousin N, Blasco H, Corcia P, Gordon PH, De Toffol B, Andres C, et al. Mal-
nutrition at the time of diagnosis is associated with a shorter disease duration 
in ALS. J Neurol Sci 2010;297(1-2):36-9. DOI: 10.1016/j.jns.2010.06.028.

8. Oliveira ASB, Pereira RDB. Amyotrophic Lateral Sclerosis (ALS) Three letters 
that change the people´s life for ever. Arq Neuropsiquiatr 2009;67:750-82.

9. Dorst J, Dupuis L, Petri S, Kollewe K, Abdulla S, Wolf J, et al. Percutaneous 
endoscopic gastrostomy in amyotrophic lateral sclerosis: a prospective obser-
vational study. J Neul 2015;4:849-58. DOI: 10.1007/s00415-015-7646-2.

10. Katzberg HD, Benatar M. Enteral tube feeding for amyotrophic lateral sclero-
sis/motor neuron disease. Cochrane Database Syst Rev 2011;1:CD004030. 
DOI: 10.1002/14651858.

11. Loser Chr, Aschl G, Hébuterne X, Mathus-Vliegen EMH, Muscaritoli M, Niv Y, et al. 
ESPEN guidelines on artificial enteral nutrition – Percutaneous endoscopic 
gastrostomy (PEG). Clinical nutrition 2005;24:848-61.

12. Czell D, Bauer M, Binek J, Schoch OD, Weber M. Outcomes of percuta-
neous endoscopic gastrostomy tube insertion in respiratory impaired amyo-
thophic lateral sclerosis patients under noninvasive ventilation. Respir Care 
2013;58(5):838-44. DOI: 10.4187/respcare.02024.

13. Pena MJ, Ravasco P, Machado M, Pinto A, Pinto S, Rocha L, et al. What is the 
relevance of percutaneous endoscopic gastrostomy on the survival of patients 
with amyotrophic lateral sclerosis. Amyotroph Lateral Scler 2012;13(6):550-
54. DOI: 10.3109/17482968.2012.684215.

14. Spataro R, Ficano L, Piccoli F, La Bella V. Percutaneous endoscopic gas-
trostomy in amyotrophic lateral sclerosis: effect on survival. J Neurol Sci 
2011;304(1-2):44-8. DOI: 10.1016/j.jns.2011.02.016.

15. Miller RG, Rosenberg JA, Gelinas DF, Mitsumoto H, Newman D, Sufit R, et al. 
Practice Parametter: the care of the patient with amyotrophic lateral sclerosis 
(an evidence-based review): report of the quality standards subcommittee of 
the American Academy of Neurology: ALS Practice Parameters Task Force. 
Neurology 1999; 52(7):1311-23.

16. World Federation of Neurology Research Group on Motor Neuron Diseases. El 
Escorial revisited: revisited criteria for the diagnosis of amyotrophic lateral scle-
rosis. Amyotroph Lateral Scler Olther Motor Neuron Disord 2000;1(5):293-99.

17. Powell-Tuck J, Hennessy EMA. Comparison of mid upper arm circumference, 
body mass index and weight loss as indices of undernutrition in acutely 
hospitalized patients. Clin Nutr 2003;22(3):307-12.

18. Pereira M, Santos C, Fonseca J. Body Mass Index Estimation on Gastrostomy 
Patients Using the Mid Upper Arm Circunference. J Aging Res Clin Pract 
2012;1:252-55.

19. American Academy of Family Physicians, American Dietetic Association, Natio-
nal Council on the aging. Nutrition Intervention Manual for Professionals Caring 
for Older Americans. Washington DC: Nutritional Screening Initiative: s.n.; 1992.



Nutrición
Hospitalaria

Nutr Hosp. 2016; 33(5):1022-1026 ISSN 0212-1611 - CODEN NUHOEQ S.V.R. 318

Trabajo Original Nutrición artifi cial

Recibido: 28/04/2016
Aceptado: 17/06/2016

Correspondencia: 
Juan Francisco Sánchez Romera. Servicio de 
Endocrinología y Nutrición. Hospital Clínico 
Universitario Virgen de la Arrixaca. Ctra. Madrid-
Catagena, s/n. 30120 El Palmar, Murcia 
e-mail: jfsr69x@gmail.com

Ferrer Gómez M, García Zafra MV, Cuenca Sánchez JR, Sánchez Romera JF, Aranda García A, Rausell 
Rausell VJ, Hernández Martínez AM. Nutrición enteral domiciliaria en la Región de Murcia. Perfi l de la 
muestra, evolución del coste y perspectiva. Años 2007- 2010. Nutr Hosp 2016;33:1022-1026

DOI: http://dx.doi.org/10.20960/nh.562

Nutrición enteral domiciliaria en la Región de Murcia. Perfi l de la muestra, evolución 
del coste y perspectiva. Años 2007-2010
Home enteral nutrition in Region of Murcia. Sample profi le, trends and outlook cost. From 2007 
to 2010

Mercedes Ferrer Gómez1, María Victoria García Zafra2, José Ramón Cuenca Sánchez1, Juan Francisco Sánchez Romera1,3, Ana Aranda 
García4, Víctor José Rausell Rausell4 y Antonio Miguel Hernández Martínez1

1Servicio de Endocrinología y Nutrición. Hospital Clínico Universitario Virgen de la Arrixaca. Murcia. 2Servicio de Endocrinología y Nutrición. Hospital General Universitario 
Santa Lucía. Cartagena, Murcia. 3Fundación para la Formación e Investigación Sanitarias de la Región de Murcia. Instituto Murciano de Investigación Biosanitaria. Murcia. 
4Dirección General de Asistencia Sanitaria. Servicio Murciano de Salud. Murcia

Palabras clave: 

Nutrición enteral. 
Soporte nutricional. 
Cuidados 
domiciliarios. Gasto 
en medicación.

Key words: 

Enteral nutrition. 
Nutrition support. 
Home care services. 
Drug costs.

Abstract
Introduction: It was 2010 when the prescription of home enteral nutrition (HEN) in Murcia changed restricting this task to those physicians 
with skills for it.

Objectives: To evaluate key aspects of this registry data over 2007-2010; sample characteristics, cost trends and future prospects.
Methods: Retrospective study of the HEN population profi le in one specifi c health area and HEN products billed in the whole region; analysis of 
the chosen formula and changes concerning prescriptions and its value during 2007-2010.

Results: Regarding the profi le of the specifi c area (Area I de Salud de la Región de Murcia), indication, route of administration and type of formula 
most frequent were, respectively, neurological disease, oral, and non-specifi c nutrition. On the other hand, health expenditure in these products 
concerning the Murcia Health Service increased about 50% in both aspects, number of prescriptions and amount between 2007 and 2010. 
Compared with the rest of the country, Murcia is above the national average.

Conclusions: The profi le of this specifi c area does not match with other published works, moreover, the expense in nutrition and the clear 
upward trend during this period clarify the need for steps to improve the quality of the HEN in the Region of Murcia and try to reach national 
values related to average consumption and spending.

Resumen
Introducción: en Murcia, y hasta 2010, la administración de la nutrición enteral domiciliaria (NED) dictaba cumplir la regulación marcada en 
cuanto a los facultativos con competencias para su prescripción.

Objetivos: examinar aspectos esenciales de este recurso en el periodo 2007-2010, características de la muestra y evolución del coste, así 
como perspectivas de futuro.

Métodos: estudio del perfi l de la población NED en un área de salud específi ca. Selección de recetas facturadas de productos NED en el conjunto 
de la Región, clasifi cación por tipos y análisis de la evolución en importe y en envases para el periodo 2007-2010.

Resultados: respecto al perfi l de la muestra del Área I de Salud de la Región, la patología, vía de administración y tipo de nutrición más frecuentes 
resultaron, respectivamente, la enfermedad neurológica, la vía oral y la nutrición no específi ca. Por otro lado, el gasto sanitario en productos 
dietoterápicos, en el Servicio Murciano de Salud, aumentó alrededor del 50% entre los años 2007 y 2010. Tanto en envases como en importe, 
Murcia se sitúa por encima de la media nacional.

Conclusiones: el perfi l de la muestra no coincide con trabajos publicados en otras regiones. Este dato, junto a la posición de Murcia en gasto 
dietoterápico, y su evidente tendencia al alza en los años analizados, hace evidente la necesidad de medidas que mejoren la calidad de la NED 
en la Región de Murcia y, en caso de ser posible, conseguir alcanzar valores nacionales en relación con el consumo medio y el gasto.
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INTRODUCCIÓN

El crecimiento de la utilización de la nutrición enteral domici-
liaria (NED) ha sido exponencial en las últimas décadas, como 
resultado de su validación por los estudios basados en la eviden-
cia científica. Así, el gasto que ello acarrea ha de ser evaluado y 
controlado de forma eficiente. La aplicación de la Ciencia Econó-
mica al campo de la salud ha dado lugar a técnicas y formas de 
medición y análisis propias del ámbito sanitario, tan conocidas 
como el análisis coste-efectividad (1).

La nutrición enteral se define como la administración de 
una solución de nutrientes directamente al tracto digestivo, 
generalmente mediante una sonda implantada por vía nasal 
o percutánea, también por vía oral, ya sea como dieta total o 
como suplementación (2). Por otro lado, y según la Guía NED 
del Sistema Nacional de Salud (SNS) (3), esta consiste en la 
administración de fórmulas enterales por vía digestiva, para 
evitar la desnutrición de los pacientes atendidos en su domicilio 
cuyas necesidades no pueden ser cubiertas con alimentos de 
consumo ordinario. El objetivo es contribuir al aprovisionamiento 
de los requerimientos totales o parciales del paciente. Por otro 
lado, la NED permite al paciente permanecer en su entorno 
sociofamiliar, con similares garantías de seguridad y eficacia a 
las hospitalarias, siempre que se programe adecuadamente el 
tratamiento y seguimiento del paciente.

En España, la práctica de la NED está regulada por el Real De-
creto 1030/2006 por el que se establece la Cartera de Servicios 
Comunes del Sistema Nacional de Salud y el procedimiento para 
su actualización (4). Así, la Guía de Práctica Clínica de Nutrición 
Enteral Domiciliaria del Ministerio de Sanidad y Consumo de 2008 
(3) recoge, entre otros, los requisitos que debe cumplir el pa-
ciente, los criterios para la selección del tipo de fórmula y vía de 
administración, normas de seguimiento, revisión y actualización. 
En Murcia, y hasta 2010, la prescripción de la NED no estaba 
regulada por los facultativos nominados por las leyes vigentes.

El objetivo de este trabajo es comunicar aspectos esenciales 
de la NED en el periodo 2007-2010 y la perspectiva de futuro, 
la evolución del coste en el Servicio Murciano de Salud (SMS) en 
general (total de áreas sanitarias de la Región de Murcia), y el 
perfil de la muestra del Área de Salud I Murcia Oeste en particular 
(1 área sanitaria), cuyo hospital de referencia es el Hospital Clínico 
Universitario Virgen de la Arrixaca (HCUVA).

MATERIAL Y MÉTODOS

Diseño observacional y retrospectivo en el que se han analiza-
do las peticiones de NED (fórmulas no específicas, específicas y 
módulos) de adultos, del Área de Salud I Murcia Oeste, en el año 
2010, recogiendo variables relativas a la patología del paciente, 
vía de administración y tipo de nutrición, y variables sociodemo-
gráficas como la edad y el sexo. Estas peticiones provenían de la 
puesta en marcha de un protocolo piloto para la centralización, en 
las unidades de nutrición de los hospitales, de la prescripción de 
la NED en la Región de Murcia; conformando la muestra todas las 

peticiones de los centros de atención primaria del Área de Salud I 
Murcia Oeste y del resto de especialidades del HCUVA; quedando 
excluidas las prescripciones realizadas por nuestro Servicio de 
Endocrinología y Nutrición. Por otro lado, se analizó la evolución 
del gasto regional en NED, cifras totales en importe y número de 
envases, así como el gasto por habitante, y se realizó un análisis 
pormenorizado de los diferentes tipos de fórmulas entre los años 
2007 y 2010.

Para describir los diversos parámetros, criterios clínicos y evo-
lución de la NED se utilizó el programa IBM SPSS Statistics 22.0. 
Así, se utilizan técnicas descriptivas para el cálculo de las frecuen-
cias absolutas y relativas en las variables cualitativas, y en su caso 
medias centrales y de dispersión para las cuantitativas. Para los 
análisis entre variables se usaron técnicas de significación como 
la t de Student y Chi-cuadrado.

En el caso de las medidas de gasto y de prevalencia del 
consumo de NED, en el conjunto de áreas de salud de la 
Región de Murcia, se utilizó el sistema de información de fac-
turación de recetas del SMS (5), en combinación con el No-
menclator oficial de dietas del Ministerio de Sanidad, Servicios 
Sociales e Igualdad del Gobierno de España (6). La evolución 
de los diversos índices, de gasto y prevalencia, se expon-
drán de forma clara mediante figuras. Las medidas utilizadas 
fueron tres: número de envases (unidad de venta) por cada 
100 habitantes, número de envases (unidad de venta) por 
cada 1.000 habitantes e importe en euros por habitante. La 
unidad de venta hace referencia a la colección de envases 
individuales que se venden como un pack indivisible.

La utilización de la información y datos sobre consumo de pro-
ductos dietoterápicos cuenta con la autorización de la Dirección 
General de Asistencia Sanitaria de la Región de Murcia. Además, 
este estudio cuenta con el informe favorable del Comité Ético de 
Investigación Clínica del HCUVA, conforme a los aspectos éticos 
de la Declaración de Helsinki, considerando que se respetan los 
principios éticos básicos y su realización es pertinente, cumple 
los requisitos de idoneidad del protocolo en relación con los ob-
jetivos del estudio y quedan justificados los riesgos y molestias 
previsibles para el sujeto.

Finalmente, no existe conflicto de interés.

RESULTADOS

PERFIL DE LA MUESTRA

En este trabajo fueron registrados un total de 345 peticiones 
de NED de pacientes adultos, de las que el 51,9% (n = 179) eran 
mujeres. La edad media fue de 78,28 ± 15,96 años y la me-
diana de 83 años (rango: 14-105 años). No se encontraron dife-
rencias significativas entre hombres y mujeres en relación con la 
edad (p = 0,13. La duración media fue de 18,15 ± 20,9 meses  
(rango = 0-180).

En relación con la patología de diagnóstico, la más frecuente 
fue la enfermedad neurológica, que supone un 61,7% de los 
casos, situándose la enfermedad oncológica y la digestiva a 
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una gran distancia: 8,4% y 5,8%, respectivamente. Se presenta 
un 19,7% de enfermedades encuadrables en otros diagnósti-
cos y un 4,3% de pacientes sin diagnóstico definido. Por otro 
lado, respecto a la vía de administración, predomina la vía oral, 
que asciende al 85,8% (de estas, menos del 4% era nutrición 
enteral exclusiva), seguida de la utilización de sonda nasogás-
trica y gastrostomía con un 12,2% y 2,0%, respectivamente. El 
tipo de nutrición más frecuente fue la denominada no específica 
(48,4%), seguida de la específica (26,7%) y finalmente de los 
módulos (24,9%). Por último, el 24,1% de las nutriciones fueron 
espesantes.

EVOLUCIÓN DEL COSTE

En las figuras 1 y 2 puede apreciarse la evolución de las medi-
das de consumo del Sistema Murciano de Salud (SMS). Además, 
se pueden observar las mismas medidas en relación con el Sis-
tema Nacional de Salud (SNS).

En la medida relacionada con el número de envases por cen-
tenar de habitantes se observa un incremento entre los años 
2007 y 2010, tanto en el SMS como en el SNS. En el caso de 
Murcia, el índice aumenta de los 10,83 envases/100 habitantes 
a los 13,19; mientras que en el SNS este aumento va desde los 
7,74 envases/100 habitantes a los 9,00.

En la medida relacionada con el importe (euros) por habitante, 
igualmente se aprecia un incremento entre los años 2007 y 2010, 
tanto en el SMS como en el SNS. En el caso de Murcia, el índice 
aumenta de los 7,45 euros/habitante a los 11,56; mientras que en 
el SNS este aumento va desde los 5,99 euros/habitante a los 8,12.

Así, en 2010, el consumo de estos productos dietéticos me-
diante receta fue de 192.838 envases, por un importe de casi 
17 millones de euros, lo que supuso un incremento en 3 años de 

casi el 30% en envases y 63% en importe (Fig. 3). En ese periodo 
de tiempo el incremento de población fue del 5,02% (7).

Si analizamos la situación por tipo de dieta, dejando al mar-
gen las pediátricas, encontramos importantes diferencias entre 
los consumos medios regionales y nacionales, especialmente en 
fórmulas no específicas y específicas en el año 2010 (Fig. 4).

DISCUSIÓN

Respecto al perfil de la muestra, observamos que no existen 
diferencias significativas en edad y sexo. El porcentaje de ambos 

Figura 1. 

Envases por 100 habitantes en el Sistema Murciano de Salud (5) y en el Sistema 
Nacional de Salud (6) (con excepción de Cataluña y Galicia).

SMS: Sistema Murciano de Salud; SNS: Sistema Nacional de Salud.
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Figura 2. 

Importe por habitante en el Sistema Murciano de Salud (5) y en el Sistema Nacio-
nal de Salud (6) (con excepción de Cataluña y Galicia).

SMS: Sistema Murciano de Salud; SNS: Sistema Nacional de Salud.
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Figura 3. 

Gasto sanitario (euros) en productos dietoterápicos en el Sistema Murciano de Salud (5).

SMS: Sistema Murciano de Salud; SNS: Sistema Nacional de Salud.
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sexos se sitúa en torno al 50% y la edad media por encima de los 
75 años, este dato es superior al de la mayoría de los registros de 
NED publicados, tanto del Grupo de Trabajo en Nutrición Domici-
liaria y Ambulatoria (NADyA) de la Sociedad Española de Nutrición 
Parenteral y Enteral (SENPE) (8-12) como en los internacionales, 
en los que suele situarse entre los 65-70 años (13).

En nuestra muestra predomina la patología de base neurológi-
ca, que alcanza las dos terceras partes del total. La enfermedad 
oncológica parece infraestimada (8,4%), con relación a cifras de 
otros registros. La British Association for Parenteral and Enteral 
Nutrition (BAPEN) publica un porcentaje creciente del 25% en 
el año 2000, que llega al 39% en 2010 (13), momento en que 
la neurológica alcanza el 45,7%. El grupo NADyA, sin embargo, 
informa de una caída de la neoplasia como enfermedad de base 
del 41% en 1994 al 28% en 2013 (8,12), con una prevalencia de 
los desórdenes neurológicos que asciende hasta el 60,6%. Esta 
modificación podría estar motivada por la exclusión desde el año 
2010 de los pacientes con soporte oral en sus bases de datos, 
debido a la tendencia de los grupos a no incluir a los pacientes 
con este tipo de soporte (10). Las cifras de la República Checa de 
2011 presentan el cáncer como enfermedad más prevalente en-
tre sus pacientes con NED, alcanzando un 45%, frente a un 34% 
de problemas neurológicos (14). La posible explicación a nuestro 
perfil es que el seguimiento de pacientes oncológicos se realiza en 
una consulta monográfica de nuestra unidad y no entran a formar 
parte del circuito normalizado de la NED. En 2003, el Grupo de 
Trabajo de la European Society of Parenteral and Enteral Nutritión 
(ESPEN) publicó los resultados de un estudio sobre la práctica 
de la NED en Europa, donde participaron 23 centros de 8 países 
con un total de 1.397 pacientes en 1998. La patología de base 

más prevalente fue la neurológica (49,1%) y el cáncer de cabeza 
y cuello (26,5%) (15). En el estudio realizado en 2001 por Pérez 
Méndez y cols. en la población gallega (16), las enfermedades 
de base más frecuentes que justificaron el soporte nutricional 
fueron las neurológicas (43,6%), neoplasias (30,7%) y enfer-
medad inflamatoria intestinal (10,5%). Estos datos se asemejan 
a los encontrados en nuestra muestra. El orden de frecuencia 
coincide con nuestros resultados, pero los índices difieren. Esto 
podría ser explicado por el más del 20% de nuestros casos que 
se encuadran dentro de las categorías de “otros diagnósticos” o 
“sin diagnóstico”. Finalmente, De Luis y cols. comunicaron en 
2013 los resultados de un estudio prospectivo de seguimiento de 
pacientes con NED en Valladolid durante 12 años (1999-2010). 
La patología de base más frecuente fue la oncológica (43,8%), 
seguida de la infección por VIH (26,8%) y de las causas neuroló-
gicas (9,6%) (17,18).

En lo referente al tipo de vía utilizada, es la oral la que encabeza 
el grupo, con un 85,8% de los casos. La baja tasa de nutrición oral 
exclusiva puede deberse a la peculiaridad de la muestra analiza-
da, y que posteriormente aparece como limitación del trabajo. En 
la República Checa esta cifra (vía oral) asciende al 59%, seguido 
de la gastrostomía con un 29% y de la sonda nasogástrica (SNG) 
con el 12% (14). El registro NADyA hablaba de administración oral 
en un 64% en 2007, mientras que posteriormente solo recogen 
administración enteral (9). En el estudio multicéntrico en 8 países 
de la ESPEN, la vía de administración elegida fue la gastrostomía 
endoscópica en el 58,2% de los casos y la sonda nasogástrica 
(SNG) en el 29,3% (15). En el estudio gallego (16) la vía de ad-
ministración de la NED más utilizada fue la oral (58,3%), seguida 
de sonda nasogástrica (28,46%), la PEG (9,87%), gastrostomía 
(6,5%) y yeyunostomía (0,65%). Por último, en el trabajo en Valla-
dolid (1999-2010), la vía de administración predominante fue la 
oral, que representa el 68,28%, la SNG un 24,3%, la gastrostomía 
un 6,8% y la yeyunostomía 0,6%; siendo los cambios a lo largo 
del tiempo escasos (17,18). Si bien la distribución difiere entre los 
diferentes registros y estudios, suele prevalecer un orden similar.

En relación con el gasto es necesario destacar el crecimien-
to mantenido que se experimentó entre los años 2007 a 2010 
en el SMS. El incremento medio del importe durante estos años 
fue de 2.174.158 euros anuales, pasando de 10.375.034 eu-
ros en 2010 a 16.897.508 euros en 2010. Si nos referimos 
a los indicadores envases/100 habitantes e importe/habitante, 
las cifras ascendieron de 10,83 a 13,19 y de 7,45 a 11,56, 
respectivamente. Este perfil ascendente de consumo aparecía 
también a escala nacional, pasando de 7,74 a 9 envases/100 
habitantes y de 5,99 a 8,12 euros/habitante en el mismo periodo 
de tiempo, pero, como puede apreciarse, con valores por pobla-
ción muy inferiores, en ambos marcadores, a los del SMS. Existen 
algunos trabajos que nos dan una idea de la situación en otras 
comunidades. En este sentido, se advierte el análisis realizado 
en 2009 por Olveira y cols. (19) de la situación en Andalucía en 
2000-2007. Ellos describen un incremento de la facturación en 
NED de 1,3 millones de euros en 2000 a 37 millones en 2007 
(un 2.800%). En un trabajo similar en la Comunidad de Madrid, 
Castaño y cols. (20) comunican las variaciones de consumo de 

Figura 4. 

Tipos de dietas. Envases por 1.000 habitantes en el Sistema Murciano de Salud 
(5) y en el Sistema Nacional de Salud (6).
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NED en los años 2002-2007, aumentando 2,5 veces en número 
de envases y alrededor de 3 veces en importe.

La primera limitación del análisis del perfil de la muestra la 
encontramos en su propia composición. Los datos han sido ob-
tenidos únicamente de las peticiones realizadas desde los centros 
de atención primaria y del resto de especialidades del hospital 
a nuestra Unidad de Nutrición. De este modo, las prescripciones 
realizadas desde las consultas específicas de nuestro servicio 
no forman parte de la muestra analizada. Esto puede conllevar 
distorsiones en el perfil de la muestra. De este modo, podría 
explicar las diferencias encontradas con otros trabajos, y resultar 
por ejemplo en la baja tasa de enfermedad oncológica; así como 
la escasa utilización de la gastrostomía en la enfermedad neuro-
lógica que podría estar compuesta principalmente por pacientes 
con disfagia a líquidos.

La siguiente limitación con la que nos encontramos se deriva 
de la falta de identificación en cada petición de la especialidad del 
facultativo solicitante. Esta situación impide comprobar la proce-
dencia del exceso de gasto, si bien los especialistas de la Unidad 
de Nutrición del HCUVA quedan excluidos.

La Instrucción n.o 2/2007 de 5 de julio (21), del Director 
Gerente del Servicio Murciano de Salud, establece que son los 
pediatras y especialistas adscritos a las unidades de nutrición 
hospitalaria, especialistas en endocrinología y nutrición, medi-
cina interna, oncología, neurología, digestivo y nefrología los 
responsables de la indicación de esta prestación, con la excep-
ción de cuidados paliativos donde se abre la prescripción a la 
Atención Primaria. Se crea, por tanto una considerable disper-
sión que conduce a que no se empleen criterios unificados a la 
hora de la asistencia, el diagnóstico, indicación y seguimiento. 
Así, el escenario de la NED en la Región de Murcia y, por ende, 
del Área Sanitaria I, entre los años 2007-2010 estaba caracte-
rizado por dos hechos relevantes: la gran variabilidad existente 
en la asistencia al paciente subsidiario de esta prestación y 
que puede desvirtuar la calidad de esta, y el elevado consumo 
de productos dietoterápicos y, por consiguiente, del gasto. Por 
todo esto se hizo evidente la puesta en marcha de medidas que 
mejoraran la calidad de la NED en la Región de Murcia y, en 
caso de ser posible, conseguir alcanzar valores nacionales con 
relación al consumo medio y el gasto.
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Resumen
Introducción: los indicadores de calidad en terapia nutricional (ICTN) permiten evaluar la calidad de la terapia nutricional (TN) de forma práctica.

Objetivo: implementar y monitorizar los ICTN en pacientes críticos con riesgo nutricional.

Métodos: estudio transversal con pacientes críticos > 18 años en riesgo nutricional, en terapia nutricional enteral (TNE) o parenteral (TNP) 
exclusiva a > 72 horas. Después de 3 años consecutivos, 9 ICTN fueron implementados y monitorizados. El análisis estadístico fue realizado 
con el software SPSS, versión 17.0.

Resultados: fueron incluidos 145 pacientes, siendo 93 en TNE, 65% eran de sexo masculino, con edad promedio de 55,7 años (± 17,4); 
52 pacientes que estaban en TNP, 67% eran de sexo masculino, con edad promedio de 58,1 años (± 17,4). Todos los pacientes (TNE y TNP) 
fueron cribados en la admisión, los cálculos de las necesidades calóricas y proteínicas fueron individualizados. Apenas la TNE fue precoz, > 70% 
del volumen prescrito fue administrado y fue visto una reducida pérdida de la sonda nasoenteral. Las frecuencias de diarrea y ayuno digestivo 
no fueron adecuadas en TNE. La administración adecuada de energía fue contemplada apenas en TNP y hubo una signifi cativa tendencia de 
recuperación en la vía oral en TNE.

Conclusión: después de 3 años de estudio, el porcentaje de adecuación de los ICTN varió entre 55%-77% para TNE y 60%-80% para TNP. Los 
resultados refl ejan los esfuerzos del equipo multiprofesional de TN en mantener la calidad de la asistencia nutricional en los pacientes críticos 
con riesgo nutricional.

Abstract
Introduction: Quality Indicators for Nutritional Therapy (QINT) allow a practical assessment of nutritional therapy (NT) quality.

Objective: To apply and monitor QINT for critically ill patients at nutritional risk.

Methods: Cross sectional study including critically ill patients > 18 years old, at nutritional risk, on exclusive enteral (ENT) or parenteral nutritional 
therapy (PNT) for > 72 hours. After three consecutive years, 9 QINT were applied and monitored. Statistical analysis was performed with SPSS 
version 17.0.

Results: A total of 145 patients were included, 93 patients were receiving ENT, among then 65% were male and the mean age was 55.7 years 
(± 17.4); 52 patients were receiving PNT, 67% were male and the mean age was 58.1 years (± 17.4). All patients (ENT and PNT) were nutri-
tionally screened at admission and their energy and protein needs were individually estimated. Only ENT was early initiated, more than 70% of 
the prescribed ENT volume was infused and there was a reduced withdrawal of enteral feeding tube. The frequency of diarrhea episodes and 
digestive fasting were not adequate in ENT patients. The proper supply of energy was contemplated only for PNT patients and there was an 
expressive rate of oral intake recovery in ENT patients.

Conclusion: After three years of research, the percentage of QINT adequacy varied between 55%-77% for ENT and 60%-80% for PNT. The 
results were only made possible by the efforts of a multidisciplinary team and the continuous re-evaluation of the procedures in order to maintain 
the nutritional assistance for patients at nutritional risk.
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INTRODUCTION

The prevalence of nutritional risk in hospitalized patients is high. 
Approximately 48% of hospitalized patients in Brazil have some 
degree of malnutrition and among them 12% are severely mal-
nourished (1). The prevalence of malnutrition in Intensive Care Unit 
(ICU) described in the literature varies between 43 and 88% (2,3).

This group of patients generally experience catabolic stress, 
which may be associated with Systemic Inflammatory Response 
Syndrome (SIRS). Under these conditions, there are increasing 
of Reactive Oxygen Species and Nitrogen productions, Multiple 
Organ Failure, Mechanical Ventilation (MV), length and hospital 
stay, thereby generating rising in morbidity and mortality rates (4).

In this way, Nutrition Therapy (NT) is an essential tool for the 
maintenance of immune function, for reducing metabolic compli-
cations and mainly in the deficit of muscle mass. Although Enteral 
Nutrition Therapy (ENT) is the preferred route of nourishment for 
critically ill patients, Parenteral Nutrition Therapy (PNT) is indicated 
when digestive tract cannot be safely used (5).

Gastrointestinal and/or metabolic dysfunctions such as re-
feeding syndrome, hyperglycemia, as well as pneumothorax 
and catheter infection, among other complications, are evident 
in patients on NT in ICU. These complications can negatively 
influence patient’s clinical outcome (6). However, the prevention 
and minimization of these complications can be done by careful 
monitoring and the performance of Multidisciplinary Nutrition 
Therapy Team (MNTT). The MNTT in Brazil is defined by ordin-
ances that regulate NT in order to provide effective and quality 
nutrition care (7,8).

Recently the task force of clinical nutrition of the International 
Life Sciences Institute - Brazil (ILSI) aiming at higher quality control 
in NT, proposes indicators for assessing the quality of ENT and 
PNT in hospitals. These Quality Indicators for Nutrition Therapy 
(QINT) allow the assessment of nutritional care in a healthcare 
service (9,10).

By this following up, the logistics of the service can be evaluat-
ed and the application of the recommendations proposed by NT 
guidelines in clinical practice can be verified. Despite the avail-
ability of these indicators, continuous and careful monitoring of 
patients in ICU on ENT or PNT is still modestly described in the 
literature. Regarding this background, the study had as an object-
ive to apply and monitor QINT in critically ill patients at nutritional 
risk, on ENT or PNT admitted in a university hospital ICU in São 
Paulo - Brazil during three consecutive years.

METHODS

It was a cross-sectional study which considered the critically 
ill patients at nutritional risk, aged > 18 years old who entered in 
the ICU of a university hospital between August and December of 
2010, 2011 and 2012 and also on exclusive ENT or PNT for more 
than 72 hours. Patients in palliative care, using ENT concomitantly 
with PNT and those that did not meet the criteria mentioned above 
were not included.

The research was approved by the Research Ethics Committee, 
being held prospectively in patients on ENT (CEP 603/05) and with 
retrospective analysis of data collected prospectively in patients 
on PNT (CEP 891/09). Data about sex, age, origin, destination, 
diagnosis, duration of NT, number of hours before starting NT, 
length of stay in the ICU, prescribed and infused volumes, and 
involuntary withdrawal of Enteral Feeding Tubes (EFT) were ob-
tained from medical records.

The nutritional risk was assessed with the nutritional screening 
tool proposed by Kovacevichi et al. (11) (Fig. 1) and it was conducted 
by a dietitian. In order to detect nutritional risk, the reference method 
considered: involuntary weight loss, reduced food intake in the past 
weeks and the presence of gastrointestinal symptoms such as nau-
sea, vomit, diarrhea and abdominal distension. Furthermore, other 
clinical data were considered for this evaluation, such as: previous 
diagnose of chronic diseases, malabsorption syndrome, abdominal 
surgery, cancer, sepsis and septic shock. This nutritional screening 
tool was accepted by the MNTT because of its simple implementa-
tion and compatibility with the resources available.

After identifying the nutritional risk, all patients were daily followed 
by the MNTT. The nutritional requirements were calculated from 
the body weight measured with a crane scale (Scale-Tronix brand, 
2002) upon admission. The ideal body weight obtained from refer-
ence charts according to each age group (12,13) was used when 
patient mobilization was not possible due to limitations caused by 
medical condition. For obese patients (Body Mass Index - BMI > 
30 kg/m²), the adjusted weight was calculated and used after ob-
taining the weight at admission. The formula used was: adjusted 
body weight = (current body weight - IBW) x 0.25 + IBW) (14).

The height measurement was based on those informed by 
patients or their relatives and in case this information was not 
available, the estimated height was calculated through equations 
using the knee height (15,16).

Estimates of energy and protein requirements, according to 
each clinical condition, were carried out conforming to existing 
protocol in the unit (17), so it was used 25-30 calories (kcal) per 
kilogram (kg) of weight based on recommendations of The Euro-
pean Society for Clinical Nutrition and Metabolism (18) (ESPEN) 
and 20 kcal/kg of adjusted weight for obese patients (14). For 
patients with acute-phase reaction it was used 1.25 to 1.5 g 
protein/kg of body weight (17-19).

The position of the EFT was according to the institution’s 
protocol. Post-pyloric position was adopted and when it was not 
possible, the gastric position was used. All EFT placements were 
verified by X-ray and in all situations nasojejunal feeding tube 
was used. Enteral formulas were continuously administered using 
infusion pumps for approximately 22 hours and the remained two 
hours were reserved for procedures and administration of drugs 
(17). Five options of enteral formulas (polymeric normocaloric 
and normoproteic, polymeric hypercaloric and normoproteic with 
or without fibers, polymeric hypercaloric and hyperproteic and 
oligomeric) were available for ENT.

For PNT there were six types of formulations according to pa-
tient`s clinical condition (normocaloric with or without lipids, renal 
failure, hypercatabolic renal failure, hepatic failure, hypercaloric 
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with lipids), with the option of supplementing with amino acids to 
achieve the previously estimated needs. All venous access were 
central with continuous administration for 24 hours. SAPS III In-
dex (Simplified Acute Physiology Score) was used to assess the 
severity of patients’ medical condition.

A total of 9 QINTs were selected, of which 4 were specific 
for patients on ENT. All indicators with formulas and goals were 
described in table I (9,8,20,21).

Statistical analyzes were carried out using SPSS version 17.0. 
Kolmogorov-Smirnov test (p > 0.05) was used to verify normal 
distribution of the sample. Mean and standard deviation were 
used when the variable was parametric and median values   and 
interquartile range (p25-p75) for nonparametric variables. Chi-
square test (c2) was used to compare qualitative variables and 
quantitative variables were compared using ANOVA and Student t 
tests for parametric variables and Kruskal-Wallis and Mann-Whit-

A. Diagnosis:
If the patient has at least one of the following diagnoses, circle and proceed to section E to consider the patient at nutritional risk and stop here.
–  Anorexia nervosa/bulimia nervosa.
–  Malabsorption (celiac sprue, ulcerative colitis, Crohn’s disease, short bowel syndrdrome).
–  Multiple trauma (closed-head injury, penetrating trauma, multiple fractures).
–  Decubitus ulcers.
–  Major grastrointestinal surgery within the past year.
–  Cachexia (temporal wasting muscle wasting, cancer, cardiac).
–  Coma.
–  Diabetes.
–  End-stage liver disease.
–  End-stage renal disease.
–  Nonhealing wounds.

B.  Nutrition intake history:
If the patient has at least one of the following symptoms, circle and proceed to section E to consider the patient at nutritional risk and stop here.
–  Diarrhea (> 500 mL x 2 days).
–  Vomiting (> 5 days).
–  Reduced intake (< ½ normal intake for > 5 days).

C. Ideal body weight standars:
Compare the patient’s weight for heigtht to the ideal body weigth chart on the back of this form.
–  If at < 80% of ideal body weight, proceed to section E to considerer the patient at nutritional risk and stop here.

D.  Weight history:
–  Any recent unplanned weight loss? No ____ Yes ___ Amount (lbs or kg) ___
–  If yes, within the past ___ weeks or ___ months.
–  Current weight (lbs or kg)___
–  Usual weight (lbs or kg) ___
–  Height (ft, in or cm) ___
–  Find percentage of weight lost: usual wt - current wt x 100 = ____% wt loss
     usual wt
–  Compare the % wt loss with the chart values and circle appropriate value:

If the patient has experienced a significant or severe weight loss, proceed to section E and considerer the patient at nutritional risk.

E.  Nurse assessment:
Using the above criteria, what is this patient’s nutritional risk? (circle one)
___ Low nutritional risk.
___ At nutritional risk.

Length of time Significant (%) Severe (%)

1 week
2-3 weeks
1 month
3 months

5 + months

1-2
2-3
4-5
7-8
10

> 2
> 3
> 5
> 8

> 10

Figure 1. 

The nutritional screening tool proposed by Kovacevichi et al.
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ney test for nonparametric variables. Statistical significant differ-
ence, p < 0.05 was considered for all tests.

RESULTS

Overall, the sample was composed of 145 patients, 93 on 
exclusive ENT, which 65% were male and the mean age was 
55.7 years (± 17.4). Fifty-two patients on exclusive PNT were 
included in the sample, 67% were male and the mean age was 
58.1 years (± 17.4). All patients presented nutritional risk, de-
tected on ICU admission. On average, the patients remained 12.1 
(± 9.4) days on ENT and 12.5 (± 8.8) days in PNT. Tables II and III 
show the demographic and clinical profile of patients respectively 
on ENT and PNT, and stratified according to the year of monitoring.

In total, 9 QINT were applied. In ENT, the indicators that met 
the goals proposed in all years were the following: the screening 
of nutritional risk (QINT I); the estimation of energy and protein 
needs (QINT II); the patients with ENT infused volume above 70% 
of prescribed volume (QINT IV); involuntary withdrawal of feeding 
tubes (QINT VIII); the rate of oral intake recovery (QINT IX). Mean-
while, the indicator which verified the inappropriate fasting time 
before the starting of ENT (QINT III) met the goal in the years of 
2011 (12.9%) and 2012 (19.4%) and the indicator which evaluated 
the frequency of diarrhea episodes in patients receiving ENT (QINT 
VII) reached the goal established only in 2011 (9.2%). In the other 
hand, indicators that evaluated the frequency of days with adequate 

supply of energy (QINT V) and digestive fasting > 24 hours (QINT VI) 
in patients under ENT did not contemplate the goal proposed by the 
literature during the years of study (Table IV).

In PNT, the indicator that verified the screening of nutritional risk 
(QINT I), the estimation of energy and protein needs (QINT II) and 
the frequency of days with adequate supply of energy (QINT IV) 
met the goal in all years evaluated. However, the indicator that 
evaluated the rate of oral intake recovery (QINT V) met the goal 
only in 2010 (42.8%) and 2012 (35.2%), and the indicator that 
evaluated the inappropriate fasting time before the starting of 
PNT (QINT III) never met the goal in all years evaluated (Table IV).

Therefore, in all of the indicators for ENT, the goal was achieved 
by 55% in 2010 (5 QINT), 77% in 2011 (7 QINT) and 66% in 
2012 (6 QINT). For PNT, target was reached by 80% (4 QINT), 
60% (3 QINT) and 80% (4 QINT), respectively in 2010, 2011 and 
2012. All percentages of suitability for applied/contemplated QINT 
according to the years of study are showed in Table V.

DISCUSSION

Nutritional risk assessment is one of the most important as-
pects that integrate the procedure for the care of all hospital-
ized patients and it is essential for those who demand inten-
sive care. Recently, the American guideline for NT in critically ill 
patients highlighted the importance of a careful monitoring on 
ENT and PNT for those who were diagnosed at high nutritional 

Table I. Applied quality indicators in nutrition therapy. University Hospital of the University 
of São Paulo 2010-2012

Indicator Formula Goal

Frequency of caring out nutrition screening
No. of nutritional screening x 100

No. of ICU admissions
≥ 80%

Frequency of estimated energy and protein needs in patients 
on NT

No. of patients with measurement of energy expenditure/protein x 100
Nº of patients on NT

 ≥ 80%

Frequency of patients with inadequate fasting time before 
starting NT (> 48 h)

No. of patients on fasting > 48 h candidate to NT x 100
total number of patients candidate to NT

< 20%

Frequency of patients with ENT infused volume above 70% of 
prescribed volume

No. of patients with NT infused volume > 70% x 100
Total number of patients on NT

> 80%

Frequency of days of adequate supply of energy to patients  
on NT

No. of days with caloric offer between 25 a 35 kcal/kg x 100
total number of days in the period evaluated

> 80%

Frequency of digestive fasting > 24 hours in patients on ENT
No. of patients in fasting > 24 h x 100

No. of patients on ENT
≥ 10%

Frequency of diarrhea episodes in patients on ENT
No. of days with diarrhea x 100
Total number of days on ENT

≥ 10%

Frequency of involuntary withdrawal of enteral feeding tubes in 
patients on ENT

No. of involuntary withdrawal of enteral feeding tube x 100
Total number of patients on ENT x no. of days with enteral feeding tube

< 5%

Frequency of patients with oral intake recovery on NT
No. of patients which oral intake recovery x 100

Total number of patients on NT
> 30%

ICU: Intensive Care Unit; NT: nutrition therapy; ENT: enteral nutrition therapy.
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Table II. Demographic and clinical characteristics patients under enteral nutrition therapy in 
the period from 2010 to 2012. University Hospital of the University of São Paulo

Characteristics
2010

(n = 31)
2011

(n = 31)
2012

(n = 31)
p

Total
(n = 93)

Genre, n (%)

 Female 10 (32.3) 10 (32.3) 12 (38.7) 0.791 32 (34.4)

 Male 21 (67.7) 21 (67.7) 19 (61.3) 61 (65.6)

Age, years oucome (%) 60.6 (± 16.9)* 49.9 (±15.5) 56.5 (± 18.4) 0.05 55.7 (± 17.4)

 Discharge from ICU 19 (61.3) 25 (80.7) 22 (74.2) 0.161 66 (72.0)

 Death 12 (38.7) 6 (19.4) 9 (25.8) 27 (28.0)

Admitting diagnosis (%)

 Respiratory 9 (29.1) 11 (35.4) 8 (25.8) 0.779 28 (30.1)

 SIRS 4 (12.9) 7 (22.6) 3 (9.7) 0.395 14 (15.1)

 Neurological 5 (16.1) 7 (22.6) 5 (16.1) 0.790 17 (18.3)

 Cardiovascular 7 (22.6)* 1 (3.2) 2 (6.5) 0.045 10 (10.7)

 Hepatic 1 (3.2) 1 (3.2) 3 (9.7) 0.449 5 (5.4)

 Surgery 1 (3.2) 2 (6.5) 8 (25.8)** 0.020 11 (11.8)

 Others 4 (12.9) 2 (6.5) 2 (6.4) 0.607 8 (8.6)

 SAPS III 60,9 (± 13.8) 59.2 (± 16.9) 60.7 (± 14) 0.888 60.3 (± 14.9)

 CRP, mg/L 126.9 (+ 94.8)* 201.5 (± 123.9) 189.4 (± 130.7) 0.031 172.6 (± 120.5)

Qualitative variables were analyzed by c2 test, and the results were expressed in absolute values followed by frequency. Quantitative variable were analyzed by t-Student 
test, and the results expressed in mean and standard deviation. Significance level p < 0.05. *2010 vs. 2011; **2012 vs. 2011. ICU:Intensive Care Unit; SIRS: Systemic 
Inflammatory Response Syndrome; SAPS: Simplified Acute Physiology Score; CRP: C-reactive protein.

Table III. Demographic and clinical characteristics patients under parenteral nutrition 
therapy in the period from 2010 to 2012. University Hospital of the University of São Paulo

Characteristics
2010

(n = 14)
2011

(n = 21)
2012

(n = 17)
p

Total
(n = 52)

Genre n (%)

 Female 5 (35.7) 5 (23.8) 7 (41.2) 0.307 17 (32.7)

 Male 9 (64.3) 16 (76.2) 10 (58.8) 35 (67.3)

 Age, years oucome (%) 54.7 (± 21.1) 55.9 (± 17) 63.8 (± 10.7) 0.259 58.1 (± 16.7)

 Discharge from ICU 9 (64.3) 5 (23.8)* 6 (35.3) 0.033 20 (38.5)

 Death 5 (35.7) 16 (76.2) 11 (64.7) 32 (61.5)

Adimitting diagnosis (%)

 Surgery 12 (85.8) 17 (81.0) 15 (88.2) 0.649 44 (84.6)

 Hepatic 1 (7.1) 0 (0.0) 1 (5.9) 1.00 2 (3.9)

 Others 1 (7.1) 4 (19.0) 1 (5.9) 0.223 6 (11.5)

 SAPS III 57.4 (± 22.6) 57.5 (± 17.5) 62.6 (± 11.0) 0.683 59.0 (± 17.3)

 CRP, mg/dL 203.4 (± 92.3) 215.3 (± 94.2) 243.7 (± 98.9) 0.443 221.4 (± 94.8)

Qualitative variables were analyzed by c2 test, and the results were expressed in absolute values followed by frequency. Quantitative variable were analyzed by 
t-Student test, and the results expressed in mean and standard deviation. Significance level p < 0.05 *2010 vs. 2011; ICU: Intensive Care Unit; SIRS: Systemic 
Inflammatory Response Syndrome; SAPS: Simplified Acute Physiology Score; CRP: C-reactive protein.
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risk (22). However, it appears that this specific group of patients 
is prone to the adverse effects of NT such as re-feeding syn-
drome, underfeeding/overfeeding, hypoglycemia/hyperglycemia, 
abdominal distension, nausea, vomiting, constipation, diarrhea 
and prolonged fasting; all which could result in a negative clinical 
outcome (5,6,18,19,22,23). These aforementioned complications 
that occur while applying NT could be gradually reduced or even 
avoided if specific protocols were implemented in NT as such as 
systematic application of QINT (9,10,19-22,24,25).

In our study, the QINT I that evaluated the frequency of nu-
tritional screening for patients receiving ENT or PNT resulted in 
100% of adequacy in all years considered for the study. After im-
plementing this same QINT in 72 ICU patients, Bezerra et al. (26) 
also got similar results, reinforcing the importance of nutritional 
risk assessment in critically ill patients. A careful monitoring of the 
nutritional risk in critically ill patients conducted the MNTT to es-
tablish daily reviews of NT procedures in order to prevent eventual 
side effects of ENT and PNT during hospitalization. Therefore, the 

Table V. Quality Indicators in Nutrition Therapy at Intensive Care Unit, percentage of suitability 
according to the year studied. University Hospital of the University of São Paulo 2010-2012

  Year
       ENT

No. of applied indicators No. of contemplated indicators Percentage of suitability

2010 9 5 55%

2011 9 7 77%

2012 9 6 66%

  Year
       PNT

No. of applied indicators No. of contemplated indicators Percentage of suitability

2010 5 4 80%

2011 5 3 60%

2012 5 4 80%

ENT: enteral nutrition therapy; PNT: parenteral nutrition therapy.

Table IV. Quality Indicators in Nutrition Therapy at Intensive Care Unit, according to the 
year studied. University Hospital of the University of São Paulo 2010-2012

Indicators applied on ENT 2010 (%) 2011 (%) 2012 (%) Goal

I Frequency of caring out nutrition screening 100 100 100 ≥ 80%

II Frequency of estimated of energy and protein needs in patients on ENT 100 100 100 > 80%

III Frequency of patients with inadequate fasting time before starting ENT (> 48 h) 22.6 12.9 19.4 < 20%

IV Frequency of patients with ENT infused volume above 70% of prescribed volume 83.8 87.1 87.1 > 80%

V Frequency of days of adequate supply of energy to patients on NT 75.6 73.6 72.3 ≥ 80%

VI Frequency of digestive fasting > 24 hours 16.1 19.3 16.1 < 10%

VII Frequency of diarrhea episodes in patients on ENT 10.5 9.2 10.7 ≤ 10%

VIII Frequency of involuntary withdrawal of enteral feeding tubes in patients on ENT 0.2 0.2 0.2 < 5%

IX Frequency of patients with oral intake recovery on enteral nutrition therapy 48.3 77.4 61.2 > 30%

Indicators applied on PNT 2010 (%) 2011 (%) 2012 (%) Goal

I Frequency of caring out nutrition screening 100 100 100 ≥ 80%

II Frequency of estimated of energy and protein needs in patients on PNT 100 100 100 > 80%

III Frequency of patients with inadequate fasting time before starting PNT (> 48 h) 71.4 61.9 82.3 < 20%

IV Frequency of days of adequate supply of energy to patients on NT 87.3 83.8 85.1 ≥ 80%

V Frequency of patients with oral intake recovery on parenteral nutrition therapy 42.8 23.8 35.2 > 30%

NT: nutrition therapy; ENT: enteral nutrition therapy; PNT: parenteral nutrition therapy.
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nutritional screening guides the nutritional care, considering the 
presence of risk or not in the patient (22,23).

Recently the Nutrition Risk in Critically ill (NUTRIC) was con-
sidered the best tool for assessing nutritional risk in critically ill 
patients (22). However, before the completion of the protocols 
adopted by this research, the “modified NUTRIC” version without 
considering the IL-6 value was not available yet (23).

Besides nutritional screening, to estimate the energy and protein 
needs becomes the starting point for directing NT in the severely ill 
patient. Considering the obstacles that exist in nutritional assess-
ment for those patients, such as sedation, intubation, anasarca, 
biochemical tests altered by the acute phase reactions, polytrauma 
and even the absence of close family or relatives. In this context, it 
is mandatory in ICU the use of formulas in order to estimate height, 
weight and energetic and proteic expenditure (22). Even when con-
sidering these obstacles, the QINT II that evaluated the frequency 
of estimated energetic and proteic expenditure for patients under 
NT met the goal established at > 80% in all three years of study, 
which reiterates the MNTT efforts to individualize NT. Martins et al. 
(27), in a prospective study with 200 patients and Oliveira Filho et al. 
(28) in a retrospective study with 551 ward and ICU cancer patients, 
also found > 80% of adequacy in the same QINT. With the intention 
of define the energy needs for the severely ill patients, the indirect 
calorimetry is the golden standard. However, in clinical practice, the 
predictive equations which estimate the energy expenditure still 
prevail due the availability of the calorimetric method (22).

The QINT III that evaluated the frequency of patients with inad-
equate fasting time (> 48 hours) before starting ENT presented 
values of 22% in 2010, 12.9% in 2011 and 19.4% in 2012. In 
2010, this QINT was outside the established goal, which led the 
MNTT to reinforce the importance of early ENT commitment for 
critically ill patients and consequently achieved the established 
goal on the following years of the study.

Heyland et al. (29) in a multicentric and cohort study with 
5497 patients found in those units with NT protocols that the aver-
age of hours to start ENT was 42.1 hours, while in units without 
protocols the mean time was 57.1 hours which was a significant 
difference between such units (p = 0.0003). Oliveira Filho et al. 
(30) evaluated the ENT quality at nutritional risk, critically ill and 
cancer patients (NUTRIC > 6), which also highlighted the early 
start of this therapy. The early ENT (24-48 hours) is associated 
with least infectious complications, less intestinal permeability 
and proliferation of inflammatory cytokines, reduced mechanical 
ventilation time, better dietary tolerance, as well as a tendency for 
reduced mortality and ICU length of stay (19,22,29).

On the other hand, after conducting the same QINT III for pa-
tients receiving PNT, all values found in the present study differed 
from the goal of 20%. It is worth noting that in three years of the 
study, more than 80% were surgery patients and 90% of those 
had previous abdominal surgeries. The EPaNIC study found that 
late parenteral nutrition, was associated with fewer infections, 
lower incidence of cholestasis, enhanced recovery, and lower 
health care costs, when compared with the early parenteral (31).

The recommendations of guidelines for nutrition support in critic-
ally ill patients differ from each other. ESPEN guidelines advocated 

early parenteral nutrition up to 48 hours after ICU admission for 
patients unable to be feeding by enteral route (18). In contrast, 
American (5) and Canadian guidelines (32) proposed that for pa-
tients without nutrition impairment the initiation of PNT can wait until 
8 days (192 hours). However, the American guideline has recently 
complemented its recommendations in order to emphasize the care 
for malnourished patients in ICU. Therefore, PNT must be initiated as 
soon as possible for patients at high nutritional risk (22).

After applying the QINT VI that analyzed patients who received 
> 70% of prescribed ENT volume, the present study met the goal 
during all three years monitored. Oliveira Filho et al. (30), encoun-
tered an average of > 80% of adequacy in infused ENT volume in 
oncological patients with NUTRIC > 6 and under MV, while Couto et 
al. (33) showed values < 80% in politrauma patients and also under 
MV. In intensive care, to manage that patients receive a proper 
amount of prescribed ENT is a daily struggle, considering gastro-
intestinal intolerance such as abdominal distension, diarrhea and 
vomit or even pauses for procedures such as extubation or surgeries 
(30,34). Discrepancies observed between prescribed and infused 
volume had been reported by several authors as one of the main 
factors for hypoalimentation (5,18,19,29). McClave et al. (5) found 
that those patients who received volume of EN close to 100%, pro-
gressed with lower infectious complication rates, reduced hospital 
length of stay and with a tendency to a lower mortality rate.

Regarding the QINT that assessed the frequency of days of 
adequate supply of energy in patients with ENT (QINT V), it was 
observed values from 72.3 to 75.6% of adequacy in the three 
years of study. Several studies reported the main barriers to 
achieve the prescribed energy in patients with ENT, such as 
non-compliance with protocols and logistic failure in nutritional 
service (5,29,35). The hemodynamic instability, hours to nu-
tritional goal and extubation, for example, also were the main 
reasons that negatively impact the energy deficit in critical onco-
logic patients at high nutritional risk (30). Heyland et al. (36) after 
evaluating 3,390 critically ill patients, under MV and at high 
nutritional risk, found 61.2% of adequacy in supply of energy in 
ENT patients and 74% of them did not receive at least 80% of 
their nutritional needs. In this study, the majority of critically ill 
patients, including high nutritional risk patients, fail to receive 
adequate nutritional intake.

However, for patients receiving PNT (QINT IV), it was verified 
a range between 83.8 to 87.3% of adequacy in the years ana-
lyzed. Shiroma et al. (37) showed that the infusion of more than 
80% of the caloric needs from PNT led to hospital discharge in 
ward and ICU patients. The great advantage in PNT, even without 
gastrointestinal use, is to optimize the supply of energy in the 
early days of ICU stay, while there is a good metabolic and organic 
tolerance which can be monitored through routine biochemical 
tests (38). Besides, PNT is independent of the digestive tract and 
therefore is not negative influenced by long fasting periods for 
tests or procedures (e.g. endoscopy, computed tomography and 
extubation) in comparison to ENT and so the caloric target can 
be fully achieved daily.

The QINT VI analyzed the frequency of digestive fasting for 
more than 24 hours in patients receiving ENT and, during all three 
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years, our results were outside the goal. Brandão and Rosa (39) 
have also not met the goal in this QINT after evaluating critically 
ill patients during 31 days. Many factors might contribute to the 
prolonged fasting in severely ill patients in ENT, such as subse-
quent attempts of extubation, especially in patients with worse 
respiratory function. Furthermore, gastrointestinal complications 
such as elevated gastric residue and uncontrollable diarrhea, flu-
ids, electrolytes and acid-base imbalance (38), as well as hemo-
dynamic instability (22) contribute to an increase in fasting time 
and consequently, can also increase the caloric and protein deficit, 
length of hospital stay and mortality in ICU (40).

It is still necessary to even consider logistic issues that might 
interfere, such as surgery centers being unavailable for tracheos-
tomy, as well as full schedule when scheduling exams (e.g. com-
puted tomography). This can lead to a prolonged fasting period 
and even might not successfully undergo the procedure or exams. 
These results point to the need of strategic planning and, since 
2012, tracheostomy procedures were conducted inside the ICU 
as the computed tomography had a reserved time and date for all 
ICU patients as a way to ensure a better schedule for the patients.

Regarding evaluation of the frequency of diarrhea in patients on 
ENT (IQTN VII), in 2011 the target was achieved, as it was found 
frequency of 9.2%   of days with diarrhea. One the other hand, the 
values in 2010 (10.5%) and 2012 (10.7%) were bordering the tar-
get established. Bittencourt et al. (41), in an observational study with 
110 patients, applied the diarrhea indicator and found a prevalence 
of 13%, while Martins et al. (27) met 8%. In the literature, there are 
records with higher percentages of episodes of diarrhea, with values   
ranging from 14% to 41% of the days on ENT (41). Characteristics 
such as age, medical condition, hospital stay and type of EN are some 
factors that may compromise the bowel transit. Another important 
point to consider is the very frequent use of antibiotics in critically ill 
patients, leading to dysbiosis which can result in diarrhea. The con-
tamination by Clostridium difficile should also be considered (5,6,22).

When the values related to involuntary withdrawal of enteral 
feeding tube in patients on ENT (IQTN VIII) were evaluated, the 
results of all years were according to the proposed target. In the 
study by Martins et al. (35), the values   were 6% for patients ad-
mitted to wards and 26% for patients in ICU, while Cervo et al. 
(42) found 4.6% for patients in critical care. The results found in 
the present study reflected the efforts of the nursing crew in all 
procedures related to the EFT, as well as, the protocols that had 
been developed in order to standard professional actions.

The oral intake recovery was another important aspect in our 
investigation. The QINT showed an adequacy of 100% in all the 
years evaluated in the patients receiving ENT (QINT IX), while 
in PNT, only in the year of 2011 (23.8%), it was not possible to 
achieve the goal proposed. It is worth noting that in 2011, 72.6% 
of the patients who received PNT had died, and that outcome 
turns impossible to achieve the goal. Bezerra et al. (26) has also 
achieved a 100% rate of adequacy for this QINT after evaluating 
72 patients under ENT and intensive care. In our study, even dis-
regarding the patients under PNT in 2011, the results in this QINT 
were obtained only because of a rigorous monitoring conducted 
by the MNTT in partnership with the speech therapy team. In our 

team, the QINT of rate of oral intake recovery was considered as 
one of the most important aspects when evaluating the quality 
of NT within the ICU. Considering that the oral intake is the most 
physiological channel for nourishment (43), one must establish 
that oral intake might result in ample benefits for patients under 
ENT or PNT, both in psychosocial and family levels.

Marshall et al. (44) has highlighted in recent studies the im-
portance of active family participation as a strategy to optimize 
nutritional support to critically ill patients. The constant presence 
of the family and relatives during ICU stay might contribute to an 
increase in oral intake, mainly for elderly patients, because those 
are the ones who probably display a smaller percentage of oral 
intake recovery when compared to adult patients (34).

Considering all the three evaluated years, the QINT percentage of 
adequacy varied from 55-77% for ENT and 60-80% for PNT which 
presented a concern about quality as well as it brought aspects that 
need to be managed. The assessment of nutritional assistance quality 
must ensure the best of what NT can provide to patients, achieving as 
a result the recovery/maintenance of the nutritional status at reduced 
costs, ensuring a long term quality of life as well (9,10).

The Joint Comission on Acreditation of Health Care Organization 
(JCAHCO) recognized over a decade ago the need of constantly 
evaluation and monitoring of patients who are subjected to NT (45). 
Hence, the application of QINT is considered now as an adequate 
tool to better evaluate the quality of nutritional assistance provided 
in medical services. These QINT can provide a plausible comparison 
between different health institutions, as well as a feasible guidance 
for future strategic actions and improvement of results (9,10,21).

It becomes an important detail that trained health profession-
als, comitted to specific NT protocols and who comply with a 
quality-oriented hospital management program and who keep 
themselves familiarized with these QINT results will provide feas-
ible benefits to patients, to the hospital and the public health 
by ensuring the quality in all services (46). This is a continuous 
process of evaluation which tends to always apply NT guidelines 
to clinical practices, by constantly reviewing said processes in 
order to improve the assistance provided.

Currently, what poses as a challenge to professionals who are 
NT specialists is defining which QINT are needed and could pos-
sibly be considered as applicable at clinical nutrition services in 
order to improve the nutritional care for the hospitalized patient. 
There are no standardized rules in order to establish quality indi-
cators as they will reveal themselves as a consequence of the 
needs and experiences developed at each health institution (46).

We emphasize that our study has some limitations because it was 
carried out in a single school hospital, which had only one adult ICU 
for medical and surgical patients, so that it resulted in a small study 
sample and presented a limited number of professionals.

CONCLUSION

After three years of research, the percentage of QINT adequacy 
varied between 55% and 77% for ENT and 60% and 80% for PNT. 
There is the establishment of individualized nutrition target, with 
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early introduction of ENT, but not PNT. The average volume of ENT 
administered is above 70% and administration of calories in PNT 
is more adequate. There was an expressive rate of oral intake 
recovery in ENT, which can contribute for a long term quality of life 
for those patients. The results were only made possible by the ef-
forts of a multidisciplinary team and the continuous re-evaluation 
of the procedures in order to maintain the nutritional assistance 
for patients at nutritional risk.
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Resumen
Introducción: el Cuestionario de Actividad Física para Niños y Adolescentes (PAQ-C y PAQ-A) ha sido ampliamente utilizado en entornos de 
investigación y en el trabajo de campo. Sin embargo, existe una falta de información sobre el signifi cado de su puntuación fi nal.

Objetivo: determinar los valores de corte del PAQ-C y el PAQ-A y el número de pasos diarios asociados utilizando una medida objetiva de 
actividad física como criterio de referencia.

Metodología: 146 niños (n = 83 niños, n = 63 niñas) y 234 adolescentes (n = 115 niños, n = 119 niñas) participaron en el estudio. Se utilizó 
acelerometría triaxial (Actigraph GT3X) durante 7 días y los participantes completaron el PAQ-C y/o PAQ-A al entregar el acelerómetro. En base 
a las recomendaciones internacionales de AF se crearon tres criterios relativos a si los participantes cumplían o no con las mismas (AFMV > 
60 min/día, AF vigorosa > 30 min/día, y AF total > 116 min/día; respectivamente). El análisis de las curvas ROC fue utilizado para identifi car 
los valores de corte.

Resultados: el análisis de las curvas ROC estimó un valor de 2,75 y 2,73 para discriminar > 60 minutos de actividad física moderada-vigorosa 
para el PAQ-A y el PAQ-C, respectivamente (PAQ-A AUC = 0,68, p < 0,001 y PAQ-C; AUC = 0,55, p > 0,05). Dicha intensidad se logró con un 
volumen total de 10.664 pasos/día en niños y 9.701 pasos/día en adolescentes.

Conclusiones: nuestros resultados sugieren que el PAQ-A puede ser una herramienta útil para clasifi car a los adolescentes activos siguiendo 
las recomendaciones internacionales de actividad física como criterio. Sin embargo, no pudimos encontrar un punto de corte signifi cativo para 
el PAQ-C.

Abstract
Introduction: The Physical Activity Questionnaire for children and adolescents (PAQ-C & PAQ-A) has been widely used in research and fi eld 
settings. However, there is a lack of information about its fi nal score meaning.

Objective: To determine PAQ-C and PAQ-A score cut-off values using physical activity (PA) thresholds objectively measured as reference criteria.

Methods: 146 children (n = 83 boys, n = 63 girls) and 234 adolescents (n = 115 boys, n = 119 girls) participated in this study. Accelerometers 
(Actigraph GT3X) were used to assess objectively PA during one-week, afterwards PAQ was fi lled by the participants. As participants met or not 
the international PA recommendations for total, moderate-vigorous (MVPA) or light PA, three categorical variables of two levels were created. ROC 
curves procedure were carried out to obtain score cut-off points for identifying the positive category recommendation.

Results: ROC curves analysis estimated 2.75 and 2.73 score cut-off points to discriminate > 60 minutes of MVPA for PAQ-A and PAQ-C 
respectively (PAQ-A AUC = 0.68, p < 0.001 and PAQ-C; AUC = 0.55, p > 0.05). Also 60 minutes of MVPA was achieved with a total volume of 
10,664 steps/day in children and 9,701 steps/day in adolescents.

Conclusions: Our results suggest that PAQ-A can be a useful tool to classify adolescents as active or inactive following international recom-
mendations as criteria. However, we could not fi nd a signifi cant cut-off for PAQ-C score.
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INTRODUCTION

Physical activity (PA) is predictor of cardiovascular (1), skeletal 
(2), and mental health (3), in children and adolescents. Moreover, 
PA has been identified as a behavior that may contribute to the 
prevention of chronic diseases such as obesity, cardiovascular 
diseases, and metabolic syndrome (4,5). However, current youth, 
and especially girls, are often not enough active (6).

PA assessment by questionnaires an useful tool in field studies 
and continue to provide important information to assess activity 
patterns on large populations PA and they enable a convenient way 
to assess activity patterns (7). The Physical Activity Questionnaire 
for children and adolescents (PAQ-C & PAQ-A) are a cost-effective 
tools to assess PA patterns during childhood and adolescence (8) 
and they have been widely used in research and field settings. 
However, a limitation is that the outcome score is not readily 
interpretable (9). The PAQ asks for frequency spent in physical 
activities, which is a subjective rating of intensity, moreover their 
items are scored using ordinal scales (1-5 scale) and the outcome 
measure is computed as a simple mean of the individual items. 
As consequence, it is difficult to relate the PAQ score with the 
established international PA recommendations (10).

Meanwhile, objective measures are often used to validate less 
accurate measures, such as subjective instruments, but this does 
not directly improve the accuracy or precision of the self-report in-
strument. Equivalent estimates of PA could be generate in a more 
efficient and cost- effective way if we use handle self- report in-
struments. In this line, the utility in youth can be greatly enhanced 
by calibrating self-report output against objectively measured PA 
data. Therefore, although objective instruments are now widely 
used, there is a considerable need to improve the utility and ac-
curacy of self-report measures.

Triaxial accelerometers provide an objective indicator of 
free- living PA that can be temporally linked to data from a 
self-report tool (11), so it is an appropriate method to estab-
lish cut-offs points as PA recommended. The most accurate 
method to measure energy expenditure of PA, such as doubly 
labelled water or indirect calorimetry are expensive (12) and 
impractical procedures to achieve this goal. Accelerometry- 
derived measures are usually expressed as daily min of light, 
moderate and vigorous physical activity to allow classification 
of PA according to whether health-related PA guidelines are 
met. Thus, it would be possible to carry out the meaningful 
interpretation of PA measurements into active and non-ac-
tive, because this classification is linked with clinically relevant 
health outcomes.

In previous studies, various arbitrary PAQ-score cut-off points 
have been proposed to categorize youth according to their 
self-reported PA. Ogunleye et al. (13) divided youth as “active” or 
“low-active” based on an age-sex-specific median split of PAQ 
scores. Bailey et al. (14) grouped youth into “active,” “average” 
and “inactive” based on age-sex specific PAQ-score quartiles (top, 
middle two, and bottom quartiles, respectively). Chen et al. (15) 
assigned PAQ scores ≤ 2 as “low activity,” > 2 and ≤ 3 as “mod-
erate activity,” and > 3 as “high activity”.

As shown, it is a weakness of the PAQ that there is a lack of 
uniformity and information about the meaning of final score which 
would differentiate youth active and non-active. Therefore, the aim 
of this study was to determine PAQ-C and PAQ-A score cut-off 
values using PA thresholds objectively measured as reference 
criteria based on international recommendations.

MATERIAL AND METHODS

SAMPLE

An invitation to participate in the study was sent to all parents who 
had their children and adolescents in different schools of primary and 
secondary education (Málaga, Jaen and Galicia, Spain). Four-hun-
dred and forty potentially eligible subjects responded, and gave their 
written informed consent after receiving detailed information about 
the aims and procedures of the study. Subjects with incomplete PA 
data (n = 18) or technical errors in the instrument (n = 42) were 
excluded. A final sample of 146 children (n = 83 boys, n = 63 girls) 
and 234 adolescents (n = 115 boys, n = 119 girls) participated in 
this study. There were no differences on age and body mass index 
(BMI) between the excluded participants and the final sample.

The research protocol was reviewed and approved by the Eth-
ics Committee of the Sports Medicine School, at the Faculty of 
Medicine (Málaga, Spain). The study was developed following 
the ethical guidelines of the Declaration of Helsinki-Seoul, last 
modified in 2008.

MEASURES

Body composition

Participant´s heights were measured with socks and shoes 
removed using a stadiometer (SECA Leicester, Birmingham, UK). 
A Tanita UM-050 digital weighing scale (Tanita UK Ltd, Yiewsley, 
Middle-sex, UK) was used to measure body mass. Body mass 
index (BMI; weight/height; kg/m2) was then calculated.

Anthropometric measurements, including skinfolds, height 
and body mass, were performed by a level 3 certified anthropo-
metrist according to standards for anthropometric assessment 
of International Society for the Advancement of Kinanthropom-
etry. Fat mass percent (FMP) was calculated using Slaughter´s 
equation (16).

Physical Activity Questionnaire

PA was assessed using the PAQ-C and PAQ-A (17). The PAQ 
have acceptable reliability and convergent validity (18,19) and 
the administration and scoring are described below. In brief, 
the self-administered, 7-day recall questionnaire comprises 
nine or eight items (PAQ-C includes an additional item on re-
cess), respectively, and collects information on participation in 
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different types of activities and sports (activity checklist), effort 
during physical education classes, and activity during lunch, 
after school, evening and at the weekend during the past 7 days. 
Each item is scored between 1 (low PA) and 5 (very high PA) and 
the average score denotes the PAQ score. A high score indicates 
higher levels of PA. The ninth (PAQ-A) and tenth (PAQ-C) item 
are not used in calculation of the activity score, asks children 
and adolescents if they were sick or otherwise prevented from 
engaging in regular PA. Once a value from 1 to 5 for each of 
the 8-9 items used in the PA composite score is obtained, the 
mean of these 8-9 items is taken, which results in the final PAQ 
activity summary score.

Cultural adaptation of the Spanish PAQ was performed fol-
lowing the basic steps of standardized questionnaires cultural 
adaptation process (20). The original Spanish translation was 
made by the research team members. Subsequently, two bilingual 
researchers outside the group performed the reverse translation. 
The differences between the original version and the translations 
were reviewed and discussed by the research group and external 
researchers.

Triaxial accelerometry

The Actigraph GT3X monitor device (Actigraph, Pensacola, FL, 
USA), was used to assess PA objectively. The accelerometer is 
lightweight (27 g), compact (3.8 × 3.7 × 1.8 cm) and has a re-
chargeable lithium polymer battery. It uses a solid-state tri-axial 
accelerometer to collect motion data on three axes: vertical (Y), 
horizontal right-left (X) and horizontal front-back axis (Z). The GT3X 
measures accelerations in the range of 0.05 g to 2 g, which is 
digitized by a 12-bit analog-to-digital converter at a rate of 30 Hz. 
Once digitized, the data are filtered using a band-limited frequency 
of 0.25 to 2.5 Hz. The Actigraph accelerometer has been shown 
to be a reliable and valid tool for the assessment of different types 
of physical activities (21).

Researchers distributed pre-initialized accelerometers face-to-
face at schools. Participants wore the accelerometers on the right 
side of the hip, secured with an adjustable elastic belt, under-
neath clothing, near to the center of gravity. Participants received 
a demonstration from a trained researcher on how to wear the 
accelerometer. They were asked to only remove the device when 
sleeping and engaging in water-based activities. Additionally, chil-
dren received a brochure about accelerometer use including the 
instructions. Accelerometers were set to register 1-second epoch 
cycles, and were programmed to start recording at 12 midnight of 
the day following they receive the monitor and to record activity 
for the following 7 days.

The version 6.11.1 of Actilife Software (Actigraph, Pensacola, 
FL, USA) was used to process the accelerometer data. Periods of 
≥ 60 minutes of zero values, allowing for 2 minutes of non-zero 
interruptions, were defined as accelerometer “non-wear” time and 
were removed from the analyses. The first day of recording was 
not included in the analysis. Only participants with ≥ 4 complete 
days, including one weekend day, were included (22). A day was 

considered valid if it contained ≥ 10 hours of wear time for week-
days and ≥ 8 hours for weekend days considering different sleep 
patterns at weekends (23).

We selected the cut points for children from Evenson et al. 
(24) to determine the time spent on different intensity levels of 
PA for children: ≤ 100 cpm for sedentary behavior, < 2,296 cpm 
for light, < 4,012 cpm for moderate, and ≥ 4,012 cpm for vig-
orous PA. These cut-offs values were subsequently validated for 
adolescents (25).

A recording of more than 15,000 counts per minute was con-
sidered as a potential malfunction of the accelerometer and the 
value was excluded from the analyses, based on the recommen-
dations from Esliger et al. (26).

PROCEDURE

Each participant received an information sheet and consent 
form for parents, and were asked to return the forms to their 
school. Children and adolescents with signed consent forms 
were subsequently assessed (initial measurements) and re-
ceived an accelerometer and later eigth-days later completed 
PAQ-C and/or PAQ-A questionnaire. As much time as necessary 
time was taken to fully explain the questionnaire and examples 
were provided. After the trial period, the material and question-
naires were collected by the researcher, and the data was stored 
in a database for further analysis.

STATISTICAL ANALYSIS

The characteristics of participants were described as mean 
and standard deviation (SD). A descriptive statistical analysis 
was performed for all quantitative variables and an analysis of 
the normal distribution was carried out using the Kolmogor-
ov-Smirnov test. The relationship between the PAQ and minutes 
of PA from accelerometers was performed using Spearman’s 
rank correlation coefficients (rho).

Based on international recommendations (10) three factors 
of two levels were developed as participants met or not the 
PA recommendations and discriminate between “active” and 
“non-active” youth (MVPA > 60 min/day, vigorous PA > 30min/
day, and light PA > 116 min/day; respectively). Receiver operat-
ing characteristic (ROC) curves (27) were carried out to identify 
PAQ-C and PAQ-A score cut-off point for each factor. Accuracy 
of classification for each set of cut-points was evaluated by 
calculating weighted statistics, sensitivity, specificity, and area 
under the receiver operating characteristic curve (AUC). An area 
of 1 represents perfect classification, whereas an area of 0.5 
represents an absence of classification accuracy. ROC-AUC 
values of > 0.90 are considered excellent, 0.80-0.89 good, 
0.70-0.79 fair, and < 0.70 poor (28).

The analyses were performed using SPSS 22.0 (Chicago, Illi-
nois) and MedCalc 14.12.0 (Mariakerke, Belgium) for ROC curves. 
The level of significance was set at p < 0.05.
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RESULTS

Characteristics of the participants (children and adolescents) 
for both sex combined and separately are presented in table I. 
All values are reported as mean and standard deviations (SD). 
Significant differences between boys and girls were found in ad-
olescents for weight, height, FMP, PAQ-A score, all PA intensities 
and number of steps, with higher values for boys, except for FMP. 
No differences between sexes were found in children. 53.4% 
of children met the 60 minutes of MVPA recommended; while 
41.9% of adolescents met this recommendation. PAQ score was 
positively associated with vigorous PA, MVPA and number of steps 
(rho = 0.19, rho = 0.17, rho = 0.16, respectively; all p < 0.05) for 
children. In adolescents, PAQ score was positively associated with 
all intensities (light, moderate, vigorous and MVPA) and number 
of steps supplied by the accelerometer (rho = 0.33, rho = 0.21, 
rho = 0.39, rho = 0.36 rho = 0.41, respectively; p < 0.001).

PHYSICAL ACTIVITY QUESTIONNAIRE FOR 
CHILDREN (PAQ-C)

Details for AUC, as well as PAQ-C scores and number of steps 
equivalent to the coordinates with the greatest sum of sensitivity 
and specificity are shown in tables II and III.

AUC of PAQ-C score for MVPA > 60 min/day, vigorous PA > 
30 min/day, and light PA > 116 min/day were no significant (p > 
0.05) and only weak (AUC < 0.7) discriminators between “active” 
and “non-active” individuals. However, AUC of number of steps for 
all intensities were significant (p < 0.001) and good (AUC > 0.8 
for 60 minutes of MVPA) discriminators. ROC analysis showed 
PAQ-C score cut-off points > 2.75 to discriminate active children. 
60 minutes of MVPA in children appears to be achieved, on av-
erage, within a total volume of 10,664 steps/day; 30 minutes of 
vigorous PA within a total volume of 11,038 steps/day; and 116 
minutes of light PA within a total volume of 10,190 steps/day. 

Table I. Characteristics of study participants by age and sex (n = 480)

Children Adolescents

 All (n = 146) Girls (n = 63) Boys (n = 83) All (n = 234) Girls (n = 119) Boys (n = 115)

Age (years) 10.8 ± 1.3 10.7 ± 1.3 10.9 ± 1.2 15.3 ± 1.4 15.2 ± 1.4 15.4 ± 1.3

Weight (kg) 41.5 ± 11.7 40.0 ± 12.7 42.7 ± 10.8 59.5 ± 13.3 57.5 ± 1.7 61.5 ± 13.7*

Height (cm) 144.6 ± 10.5 143.2 ± 10.9 145.6 ± 10.1 163.9 ± 8.2 160.2 ± 6.0 167.6 ± 8.4***

BMI (kg/m2) 19.5 ± 3.7 19.1 ± 4.0 19.9 ± 3.4 22.1 ± 4.4 22.4 ± 4.6 21.8 ± 4.2

FMP (%) 22.9 ± 9.2 22.9 ± 6.6 22.9 ± 10.9 18.9 ± 8.0 21.2 ± 7.7 16.6 ± 7.6***

PA Score (PAQ-C) 3.09 ± 0.64 3.11 ± 0.60 3.07 ± 0.66 - - -

PA Score (PAQ-A) - - - 2.51 ± 0.72 2.29 ± 0.68 2.73 ± 0.70***

Sedentary time (min/day) 603.5 ± 60.9 609.0 ± 61.2 599.3 ± 60.7 642.9 ± 75.7 642.7 ± 83.4 643.1 ± 67.2

Light PA (min/day) 120.3 ± 33.8 121.7 ± 46.2 119.3 ± 20.3 92.7 ± 28.4 88.0 ± 27.4 97.6 ± 28.7*

Moderate PA (min/day) 33.7 ± 6.8 33.6 ± 6.2 33.8 ± 7.3 33.8 ± 12.8 31.5 ± 11.9 36.2 ± 13.4**

Vigorous PA (min/day) 29.1 ± 8.9 27.8 ± 8.3 30.1 ± 9.2 23.0 ± 14.9 16.6 ± 10.4 29.7 ± 15.8***

MVPA (min/day) 62.8 ± 13.9 61.3 ± 12.7 63.9 ± 14.7 56.9 ± 22.9 48.1 ± 18.9 65.9 ± 23.3***

Steps/day 10,668 ± 1,938 10,556 ± 1,594 10,752 ± 2,170 9,320 ± 3,561 8,434 ± 3,682 10,264 ± 3,180***

BMI: body mass index; FMP: fat mass percent; PA: physical activity; *p < 0.05; **p < 0.01. ***p < 0.001; independent sample t test between boys and girls.

Table II. Area under the ROC curve of PAQ-C score and steps/day, based on PA 
recommendations

PA recommendations 60 min MVPA 30 min vigorous PA 116 min light PA

Score Steps Score Steps Score Steps

AUC 0.551 0.896 0.545 0.879 0.527 0.756

EE 0.0483 0.0259 0.0488 0.0278 0.0482 0.0408

95% CI 0.467 to 0.634 0.835 to 0.940 0.460 to 0.627 0.815 to 0.927 0.443 to 0.610 0.678 to 0.823

p 0.2896 < 0.0001 0.3579 < 0.0001 0.5728 < 0.0001

Youden index 0.1572 0.6497 0.1659 0.6575 0.1269 0.439

PA: physical activity; MVPA: moderate to vigorous physical activity; AUC: area under the curve; EE: standard error; CI: confidence interval; p: significance level. 
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The sensitivity associated with the different factors were mod-
erate for PAQ-C score and steps/day. However, the specificity 
associated were low for PAQ-C score (42.7%, 41.2% and 43.9%, 
respectively) and high for steps/day (86.8%, 87.1% and 65.2%, 
respectively). This shows the low capacity of the PAQ-C to identify 
inactive children. An example ROC curves is illustrated in figure 1.

PHYSICAL ACTIVITY QUESTIONNAIRE 
FOR ADOLESCENTS (PAQ-A)

Details coordinates with the greatest sum of sensitivity and 
specificity are shown for AUC, as well as PAQ-A scores and num-
ber of steps equivalent to the in tables IV and V.

AUC of PAQ-A score for all factors were significant (p < 0.01) but 
only weak (AUC < 0.7) discriminators between “active” and “non-ac-
tive” youth. AUC of number of steps for all intensities were significant 
too (p < 0.001) and excellent (AUC > 0.9 for 60 minutes of MVPA) 
discriminators. ROC analysis showed PAQ-A score cut-off points > 
2.73 to discriminate active adolescents. Regarding steps analysis, 60 
minutes of MVPA in adolescents appears to be achieved, on average, 
within a total volume of 9,701 steps/day; 30 minutes of vigorous PA 
within a total volume of 9,806 steps/day; and 116 minutes of light 
PA within a total volume of 12,511 steps/day. The sensitivity asso-
ciated with the different factors were low for PAQ-A score and high 
for steps/day (except for 116 minutes of light PA). The capacity of 
the PAQ-A to identify inactive adolescent (specificity) was moderate 
(77.9%, 75.1% and 68.8%, respectively) and moderate-high for 
steps/day (93.1%, 77.1% and 68.8%, respectively). An example 
ROC curves is illustrated in figure 2.

The capacity of number of steps to determine “active” or “inac-
tive” youth was greater than the capacity of the questionnaire score, 
as observed by the higher positive likelihood rations and lower likeli-
hood negative ratios for all factors. The same applies to positive and 
negative predictive values, as well as with sensitivity and specificity 
values (except for sensitivity of PAQ-A for 116 minutes of light PA).

DISCUSSION AND CONCLUSIONS

The present study evaluated the capacity of PAQ-C and PAQ-A 
to differentiate active and non-active youth based on international 
PA guidelines. The main finding of this study was that PAQ-A ques-
tionnaire could be utilized to discriminate active adolescents (60 
minutes of MVPA) using a cut-off point of 2.75. A value for chil-
dren could not be found for PAQ-C score. Additionally, significant 
steps/day cut values were found both for children (10,664 steps/
day) and adolescents (9,701 steps/day).

To our knowledge, this is the first study to define PAQ-C and 
PAQ-A cut-points values by accelerometry based on PA recom-
mendations. Details to assess the PAQ-A score as cardiorespira-
tory fitness parameter have been published for English children. 
Our results are similar to obtained in the study of Voss et al. 
(29), in which a cut-off points of 2.9 for boys and 2.7 for girls 
were established, using cardiorespiratory fitness as the criterion- 
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referenced standard. However, the ROC analysis reported differ-
ences between the two questionnaires and these results should 
be interpreted cautiously.

The sensitivity and the specificity analysis revealed that the 
PAQ-C cut-points were no able to distinguish the true negatives, 
but not the true positives. Furthermore, the AUC value indicates 
that the PAQ-C is unable to discriminate inactive children. In case 
of PAQ-A cut-off points, which proved sufficiently specificity to 
discriminate the true negatives but moderately the true positives, 
manifest an AUC value near to 0.7 (p < 0.001). A diagnostic test 
that yields an AUC of < 0.7, as observed here, may be deemed 
unacceptable for clinical use, given the potentially severe reper-
cussions of misclassifying presence or absence of disease. How-
ever, the PAQ is not a clinical diagnostic test and comparatively 

low AUC are often published in a public health context. A plausible 
explanation for our results could be related with the construct 
validity of PAQ in Spanish children and adolescents. While the 
PAQ-A shown reasonable validity for this age range (rho = 0.39; 
p < 0.001) (30); the PAQ-C shown a questionable validity (rho = 
0.28, p < 0.05) for assessing total PA and MVPA in Spanish chil-
dren (31). Our correlation results between both instruments also 
concur with the line of evidence that suggests PA questionnaires 
for adolescents correlated better with accelerometer results than 
PA questionnaires for children (7).

Moreover, discrepancies and high variability in children’s PA 
measured by accelerometers have been reported around the 
world, which may introduce a bias in this study (32). The output 
from accelerometers is a dimensionless unit commonly referred to 

Figure 1. 

Receiver-operator curves for number of steps and the Physical Activity Questionnaire for Children (PAQ-C)’s ability to identify 60 minutes of moderate to vigorous physical 
activity (MVPA) (n = 146).
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Table IV. Area under the ROC curve of PAQ-A score and steps/day, based on PA 
recommendations

PA recommendations 60 min MVPA 30 min vigorous PA 116 min light PA

Score Steps Score Steps Score Steps

AUC 0.677 0.957 0.658 0.879 0.631 0.724

EE 0.0356 0.0124 0.0408 0.0223 0.0476 0.0464

95% CI 0.613 to 0.736 0.921 to 0.979 0.594 to 0.719 0.829 to 0.918 0.565 to 0.693 0.661 to 0.781

p < 0.0001 < 0.0001 0.0001 < 0.0001 0.0061 < 0.0001

Youden index 0.2896 0.7967 0.3252 0.6399 0.2212 0.3836

PA: physical activity; MVPA: moderate to vigorous physical activity; AUC: area under the curve; EE: standard error; CI: confidence interval; P: significance level. 
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as accelerometer counts. Researchers have attempted to calibrate 
these counts with energy expenditure in order to get a biological 
meaning to the output (33). This has resulted in the publication of 
count thresholds relating to various categories of energy expen-
diture, that allow researchers to summarize time spent in a given 
intensity of activity (34). The availability of multiple cut points or 
equations has led to much confusion in the accelerometer litera-
ture (35). We used the Evenson et al. (24) cut points, recommend-
ed in Trost et al. (25) comparative study to estimate time spent 

Figure 2. 

Receiver-operator curve for number of steps and the Physical Activity Question-
naire for Adolescents (PAQ-A)’s ability to identify 60 minutes of moderate to vig-
orous physical activity (MVPA) (n = 234).
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in sedentary, light-, moderate-, and vigorous-intensity activity in 
children and adolescents. Other cut points would have yielded 
different results. Nonetheless, the associations and differences 
with total PA will continue to be same since this variable must 
not be highly dependent of cut-off values.

Conversely, the discriminative power of steps/day was excellent, 
as evidenced by the high AUC values (near of 0.9 for PAQ-C and 
> 0.9 for PAQ-A). The AUC provides an estimate of the “goodness” 
of a diagnostic test, whereby a theoretical perfect test with 100% 
specificity and 100% sensitivity yields an AUC of 1, and a non-dis-
criminating test an AUC of 0.5. Sensitivity and specificity obtained 
were 78.2% (95% CI 67.4 to 86.8), 86.8% (95% CI 76.4 to 93.8) 
for 60 minutes of MVPA in children; and 86.6% (95% CI 78.2 to 
92.7), 93.1% (95% CI 87.3 - 96.8) for 60 minutes of MVPA in 
adolescents. The cut-off points associated were 10,664 steps/day 
for children and 9,701 steps/day for adolescents. These values 
are similar to those reviewed by Tudor-Locke (36). These aspects 
are of interest for public health since they corroborate the insights 
into PA needs and recommendations for children and adolescents 
that may be used to evaluate scholar population and implement 
intervention strategies by healthcare workers and physical educa-
tion teachers. In addition, quantifying PA, with a low-cost way, will 
be helpful in order to focus school and community interventions 
on youth with unhealthy lifestyles.

The specific criteria used to categorize individuals as meet-
ing or not meeting PA recommendations were selected based 
on WHO guidelines (10). Recent studies indicate the need to 
increase the recommendation of MVPA. Thus, Jiménez-Pavón 
et al. (37) recommend around 60 and 85 min/day of MVPA, 
including 20 min/day of vigorous PA. On the other hand, data 
from the European Youth Heart Study with objectively measured 
PA suggest 90 minutes of MVPA based on metabolic health and 
the metabolic syndrome (4). Similarly, the criteria applied in 
this study (MVPA > 60 min/day, vigorous PA > 30min/day, and 
light PA > 116 min/day) are in agreement with the proposed 
guidelines, but our approach support the hypothesis that 60 
min or more of MVPA could be enough, if enough vigorous PA 
is accumulated during such period (at least 30 minutes).

LIMITATIONS

This study has several limitations that should be considered. 
First, subjectivity and limited recall ability are known limitations 
of self-reported PA, particularly in young people (38). Limita-
tions of self-reports items include the tendency for people to 
report socially desirable responses. Moreover, although objective 
measures of PA, such as triaxial accelerometry or heart rate 
monitors are ideal, even these methods have their limitations, 
and this practice has been criticized due to the fact that accel-
erometers and self-report instruments measure different things 
(39). Other limitations could explain our results and the capacity 
of discrimination. For example, our sample size was relatively 
small but significant for the purpose of study. However, these 
results should be verified in larger samples.

CONCLUSIONS

In summary, our findings provide normative PAQ scores for 
adolescents. According with the ROC analysis, our results suggest 
that PAQ-A can be a useful tool to classify adolescents as active 
or inactive following international recommendations as criteria. 
It seems, that a 2.75 score can be used to detect adolescents 
performing enough PA. However, this does not apply to the PAQ-C, 
which might not be an adequate tool to classify children as active 
or inactive.

These cut-off points can be useful and a cost-economic way 
to evaluate scholar population and implement intervention strat-
egies. However, as far as possible, we suggest, in accordance 
with recent studies (40), the use of a combination of objective 
and subjective assessment methods.
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Abstract
Introduction: Low levels of moderate and vigorous physical activity are a factor of important behavioral risk in the obesity in children.

Objective: The objective of this study was to determine the nutritional status and physical condition of students, by comparing the results obtained 
by gender, obesity, and physical performance.

Material and methods: 578 students; 308 men of 11.22 ± 1.93 years and 270 women of 10.93 ± 1.92 years, participated in the investigation. 
Were evaluated; body mass index (BMI), percentage body fat (%FM), contour waist (CW), waist-to-height ratio (wtHR) and physical performance 
according to the test of the National Study of Physical Education of the Agency of Quality of Education of Chile.

Results: The %FM was higher in women (p < 0.001). In the Test of abdominal and Navette performance was higher in men and in the test 
of fl exo-extensions of arm performance was higher in women (p < 0.05). Category of obese schoolchildren showed lower results in the test: 
abdominal, long jump, fl exo-extensions of arm and Navette (p < 0.001). The VO2

MAX
 was lower in the overweight subjects (p < 0.001). The 

students who need to improve 3 or 4 test presented more wtHR (p < 0.001) and %FM (p < 0.001). There is a negative association between the 
wtHR and the VO2

MAX 
(-0.543, p < 0.001).

Conclusions: There exists a high predominance of excess weight and obesity, also it is appreciated a low physical performance associated with 
this condition. The students, who need to improve 3 or 4 test of physical condition, have a higher average of %FM and wtHR, this last variable 
is a powerful indicator of cardiovascular risk.

Resumen
Introducción: bajos niveles de actividad física, moderada y vigorosa, son un factor de riesgo conductual importante en la obesidad en niños.

Objetivo: el objetivo del estudio fue determinar el estado nutricional y la condición física de escolares, comparando los resultados obtenidos 
por género, obesidad y rendimiento físico.

Material y métodos: 578 escolares: 308 hombres de 11,22 ± 1,93 años y 270 mujeres de 10,93 ± 1,92 años participaron en la investigación. 
Fueron evaluados: índice de masa corporal (IMC), porcentaje de masa grasa (%MG), contorno de cintura (CC), razón cintura-estatura (RCE) y 
rendimiento físico según los test del Estudio Nacional de Educación Física de la Agencia de Calidad de la Educación de Chile.

Resultados: el %MG fue mayor en la mujeres (p < 0,001). En el test de abdominales y en el de Navette el rendimiento fue mayor en los hombres, 
y en el test de fl exo-extensiones de brazo el rendimiento fue mayor en las mujeres (p < 0,05). Los escolares en categoría de obeso presentaron 
inferiores resultados en los test de: abdominales, salto largo, fl exo-extensiones de brazo y Navette (p < 0,001). El VO2

MAX 
fue menor en los sujetos 

con obesidad (p < 0,001). Los estudiantes que necesitan mejorar 3 o 4 test presentan mayor RCE (p < 0,001) y %MG (p < 0,001). Existe una 
asociación negativa entre la RCE y el VO2

MAX 
(-0,543, p < 0,001).

Conclusiones: existe una elevada prevalencia de sobrepeso y obesidad. Además, se aprecia un bajo rendimiento físico asociado a esta condición. 
Los escolares que necesitan mejorar 3 o 4 test de la condición física presentan mayores promedios de %MG y RCE; esta última variable es un 
potente indicador de riesgo cardiovascular.
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INTRODUCCIÓN

Bajos niveles de actividad física, moderada y vigorosa, son un factor 
de riesgo conductual importante en la obesidad en niños (1). Esto, 
junto con un desequilibrio en el balance energético, conduce a un 
aumento inadecuado del peso corporal (2). Esta condición es una 
enfermedad multifactorial que plantea un riesgo importante para la 
salud presente y futura de las generaciones más jóvenes (3). El au-
mento internacional en el sobrepeso y la obesidad en niños y adoles-
centes en las últimas tres décadas confirman que es una epidemia 
global y un importante problema de salud pública que se asocia con 
complicaciones cardiovasculares, endocrinas y músculo-esqueléticas, 
además de presentar consecuencias psicosociales (4). También se ha 
demostrado que la malnutrición por exceso en escolares presenta una 
asociación negativa con el rendimiento físico (5).

De todas las cualidades que componen la condición física, la 
capacidad aeróbica y la fuerza muscular han sido las que han ad-
quirido una mayor relevancia científica en el ámbito sanitario (6). En 
Chile, el SIMCE (sistema de medición de la calidad de la educación) 
aplicado en el contexto escolar arrojó que el 68% del total de es-
tudiantes debe mejorar la potencia aeróbica máxima y solo un 8 y 
5% alcanzan niveles destacados y aceptables en fuerza de brazos, 
respectivamente (7). La aptitud cardiorrespiratoria es una medida 
de las funciones del cuerpo y su evaluación debe desempeñar un 
papel importante en las actividades relacionadas con la promoción 
de la actividad física, siendo un componente fundamental de un 
estilo de vida saludable (8). Y la evidencia científica demuestra que, 
si es elevada, se asocia con menores riesgos cardiometabólicos (9).

Por lo tanto, es fundamental contar con estudios de asociación 
que proporcionen información acerca de las consecuencias de la 
malnutrición por exceso en la etapa escolar y que permitan tomar 
decisiones y acciones con el propósito de revertir las tendencias 
negativas asociadas a la obesidad infantil. Más aún, si se conside-
ra que la reducción del tiempo de actividades sedentarias puede 
contribuir a prevenir las consecuencias adversas para la salud 

(10). La práctica de actividad física de forma regular y sistemática 
podría contribuir a la adopción de estilos de vida más saludables 
durante todo el ciclo vital (11).

El objetivo del estudio fue determinar el estado nutricional y la 
condición física de escolares, comparando los resultados obteni-
dos por género, obesidad y rendimiento físico.

MATERIAL Y MÉTODOS

PARTICIPANTES

Se evaluaron entre los meses de mayo y octubre del año 2015 
a 578 escolares: 308 hombres y 270 mujeres que presentaban 
entre 9 y 14 años de edad, pertenecientes al municipio de Te-
muco, región de la Araucanía, Chile. La muestra es de tipo no 
probabilística, elegidos de manera no aleatoria y por conveniencia. 
Se recolectaron datos respecto al curso de estudio, edad y género, 
antropométricos; IMC, porcentaje de masa grasa (%MG), contorno 
de cintura (CC), razón cintura-estatura (RCE) y rendimiento físico 

según los test del Estudio Nacional de Educación Física de la 
Agencia de Calidad de la Educación de Chile.

Los criterios de inclusión fueron presentar habilitación médica 
para la práctica de ejercicio físico, a través de un reporte escrito 
que acreditara que se encontraban aptos para el desarrollo de 
actividades física deportivas en los establecimientos educaciona-
les, el consentimiento informado por parte de los padres o tutores, 
estar matriculados en los colegios de estudios y presentar entre 
9 y 14 años de edad.

Los criterios de exclusión fueron presentar sobre 160 ppm en 
el test de Cafra, alguna lesión o enfermedad al momento de las 
pruebas físicas que pudieran alterar el rendimiento y la salud 
de los participantes o no cumplir con alguno de los criterios de 
inclusión mencionados.

La investigación y sus protocolos estuvieron de acuerdo con 
la Declaración de Helsinki 2013, y fue aprobado por la Escuela 
de Educación de la Universidad Santo Tomás. Cada apoderado o 
tutor debió firmar un consentimiento informado para que su hijo 
participara en el estudio.

PROCEDIMIENTOS

Para evaluar el porcentaje de masa grasa y peso se utilizó el 
monitor digital de mano-pie OMRON modelo HBF-514, con los pies 
descalzos y con la menor cantidad de ropa posible, la talla se estimó 
con un tallímetro de marca SECA®, graduada en mm. El IMC se utilizó 
para estimar el grado de obesidad (kg/m2) determinando el estatus de 
peso corporal de los participantes de acuerdo con la Norma Técnica 
de Evaluación Nutricional del niño de 6 a 18 años, del Ministerio de 
Salud de Chile (12), con el siguiente criterio de calificación según su 
percentil; IMC < p 10: bajo peso, IMC entre p 10 y < p 85: normal, 
IMC entre p 85 y < p 95: sobrepeso, IMC > p 95: obesidad.

La circunferencia de cintura se midió empleando una cinta 
métrica, aplicando las técnicas validadas internacionalmente (13). 
La RCE se utilizó para estimar la acumulación de grasa en la zona 
central del cuerpo, se obtiene al dividir el perímetro de cintura por 
la estatura. Una razón mayor o igual a 0,55 indicaría un mayor 
riesgo cardiometabólico (RCM) (14).

El rendimiento físico fue evaluado por la batería de test físicos 
y sus resultados fueron categorizados en 2 condiciones: necesita 
mejorar y aceptable/destacado, según estándares nacionales (15); 
se evaluaron: el test de Cafra, test de salto largo a pies juntos, 
test de abdominales en 30 segundos y test de flexo-extensión de 
codo en 30 segundos. Para establecer el VO2

MAX 
se utilizó el test 

de Navette y se estableció según las ecuaciones propuestas por 
Léger y cols, (16); donde: VO2

MAX 
= (31,025 + 3,238 V – 3,248E 

+ 0,1536 VE), siendo V la velocidad alcanzada en la última etapa 
completada y E la edad del participante.

Análisis estadístico

Se realizó un análisis descriptivo de las principales variables de 
estudio, posteriormente se procedió a evaluar la distribución normal 
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de las variables a través de la prueba Kolmogorov-Smirnov y se uti-
lizó la prueba de Levene para medir la homogeneidad de varianzas. 
Para la comparación de las variables paramétricas cuantitativas 
entre dos grupos se utilizó el test t de Student, y cuando existían 
más de dos se realizó un ANOVA. En el caso de variables no pa-
ramétricas, se utilizó la prueba de la U de Mann-Whitney cuando se 
comparaban dos grupos, y la prueba de la H de Kruskal-Wallis para 
comparar más de dos. Para la asociación de variables se utilizó la 
prueba de correlación de Pearson o Spearman, según correspon-
diera. Todos los análisis se realizaron con el programa SPSS, versión 
22,0. Se utilizó un margen de error del 5%, (p < 0,05).

RESULTADOS

La muestra del estudio presentó un promedio de 10,93 ± 
1,92 años para mujeres y 11,22 ± 1,93 años para hombres. 
La talla y el CC fue mayor en los hombres (p > 0,05), EL %MG 
fue mayor en la mujeres (p < 0,001). En el test de abdominales, 
salto largo y Navette, el rendimiento fue mayor en los hombres y 
en el test de flexiones de brazo el rendimiento fue mayor en las 
mujeres, ambas con significancia (p < 0,05) (Tabla I).

En la tabla II se observa que existieron 24 estudiantes con 
bajo peso (4,1%), 286 con normopeso (49,4%), 164 con sobre-

Tabla I. Comparación de variables según género 
Mujer

(n = 270)
Hombre
(n = 308)

Valor de p

Edad (años) 10,93 ± 1,92 11,22 ± 1,93 -

Peso (kg) 46,09 ± 14,31 47,11 ± 13,99 0,230

Talla (m) 1,47 ± 0,11 1,50 ± 0,13 0,013

IMC (kg/m2) 20,90 ± 4,32 20,59 ± 3,60 0,759

CC (cm) 72,21 ± 11,64 73,54 ± 10,79 0,046

RCE 0,49 ± 0,06 0,49 ± 0,06 0,436

%MG 28,15 ± 6,62 25,53 ± 8,57 < 0,001

Test de abdominales (rep) 17,97 ± 5,64 20,83 ± 5,26 < 0,001

Test de salto largo 124,48 ± 23,86 142,49 ± 26,16 < 0,001

Test de flexiones de brazo (rep) 15,11 ± 7,10 12,89 ± 6,95 < 0,001

Test de Cafra (ppm) 111,39 ± 28,39 108,29 ± 24,92 0,330

Test de Navette (paliers) 5,01 ± 3,39 5,53 ± 3,32 0,020

VO2MAX (ml/kg/min) 47,46 ± 7,27 48,30 ± 6,96 0,118

Los valores mostrados como media ± DS, valores p < 0,05 son estadísticamente significativos. IMC: índice de masa corporal; CC: contorno de cintura; RCE: razón 
cintura-estatura; %MG: porcentaje de masa grasa.

Tabla II. Comparación de variables según estado nutricional 

 Bajo peso
(n = 24)
4,1%

Normopeso
(n = 286)
 49,4%

Sobrepeso
 (n = 164)
 28,3%

Obesidad
(n = 104)
17,9%

Valor de p

IMC (kg/m2) 14,52 ± 1,02 18,45 ± 2,12 22,21 ± 1,87 26,14 ± 3,56 < 0,001

CC (cm) 65,13 ± 13,21 69,98 ± 11,00 74,10 ± 9,26 80,92 ± 9,44 < 0,001

RCE 0,46 ± 0,07 0,47 ± 0,06 0,49 ± 0,06 0,54 ± 0,04 < 0,001

%MG 24,88 ± 11,43 24,85 ± 7,88 27,25 ± 6,77 31,59 ± 5,89 < 0,001

Test de abdominales (rep) 21,04 ± 4,28 20,21 ± 5,58 19,12 ± 5,46 17,74 ± 5,86 < 0,001

Test de salto largo (cm) 140,33 ± 23,80 137,18 ± 26,72 134,45 ± 26,74 122,91 ± 24,43 < 0,001

Test de flexiones de brazo (rep) 15,58 ± 5,69 15,07 ± 7,17 13,45 ± 7,09 11,18 ± 6,43 < 0,001

Test de Cafra (ppm) 102,63 ± 25,12 108,79 ± 26,64 108,66 ± 24,72 115,67 ± 29,09 0,083

Test de Navette (paliers) 4,80 ± 3,59 5,58 ± 3,35 5,54 ± 3,40 4,21 ± 3,09 < 0,001

VO2MAX (ml/kg/min) 47,98 ± 7,49 48,63 ± 7,02 48,24 ± 7,07 45,37 ± 6,89 < 0,001

Los valores mostrados como media ± DS, valores p < 0,05 son estadísticamente significativos. IMC: índice de masa corporal; CC: contorno cintura; RCE: razón 
cintura-estatura; %MG: porcentaje de masa grasa. 
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peso (28,3%) y 104 con obesidad (17,9%). Los escolares cate-
gorizados como obesos presentaron menores valores de rendi-
miento físico en los test de: abdominales, salto largo, flexiones 
de brazo y Navette (p < 0,001), en el test de Cafra no existieron 
diferencias estadísticamente significativas, pero los sujetos con 
obesidad presentaron valores superiores de frecuencia cardiaca 
al finalizar el test. El VO2

MAX 
fue menor en los sujetos con obesidad 

en comparación con los otros grupos de estudio (Fig. 1).
En relación con el rendimiento físico, los estudiantes que ne-

cesitan mejorar 3 o 4 test presentan mayor RCE (p < 0,001) 
y %MG (p < 0,001) en comparación con los estudiantes que 
necesitan mejorar 1 test o ninguno (Tabla III). En los test de 
Navette, abdominales, salto largo y flexiones de brazo existe 
un número muy superior de estudiantes que necesitan mejorar 
su rendimiento físico en comparación a los que se encuentran 
aceptables (Fig. 2).

Existe una asociación negativa entre la RCE y el VO2
MAX 

(-0,543), 
con significancia (p < 0,001), con el test de abdominales (-0,249), 
el test de flexiones de brazo (-294), el test de Navette (-0,402). 
Al asociar los test del rendimiento físico con el %MG existió aso-
ciación negativa con el test de abdominales, test de Navette y 
V02

MAX
, alcanzando significancia con baja asociación (Tabla IV).

Los estudiantes clasificados en el tramo de 13-14 años presen-
taron un mayor peso, IMC y CC (p < 0,001). El %MG fue superior 

en los sujetos clasificados entre 9-10 años (p < 0,001). Con res-
pecto al rendimiento físico, los sujetos en el tramo de 11-12 años 
tuvieron un mayor VO2

MAX
 y un mejor desempeño en los test 

de abdominales, salto largo y Navette
 
(p < 0,001). Los escola-

res de 9-10 años obtuvieron un mayor número de repeticiones 
en el test de flexiones de brazo y valores menores de frecuencia 
cardiaca al finalizar el test de Cafra (p < 0,001) (Tabla V).

DISCUSIÓN

El propósito de la investigación fue determinar el estado nutri-
cional y la condición física de escolares comparando los resulta-
dos obtenidos por género, obesidad y rendimiento físico. Dentro 
de los hallazgos más importantes del estudio, los escolares cate-
gorizados como obesos presentaron menores valores de rendi-
miento físico en los test de abdominales, salto largo, flexiones de 
brazo y Navette (p < 0,001). Además de poseer un menor valor 
de VO2

MAX 
(p < 0,001). Los estudiantes que necesitan mejorar 3 

o 4 test presentan mayor RCE (p < 0,001) y %MG (p < 0,001) en 
comparación con los estudiantes que necesitan mejorar 1 test o 
ninguno. Por último, existió una asociación negativa entre la RCE y 
el VO2

MAX 
(-0,543), con significancia (p < 0,001). Los estudiantes 

clasificados en el tramo de 13-14 años presentaron un mayor 

Tabla III. Estado nutricional vs. cantidad de test que necesitan mejorar (NM) 
0

(n = 15)
1 test

(n = 64)
2 test

(n = 160)
3 test

(n = 170)
 4 test

(n = 169)
Valor de p

IMC (kg/m2) 19,98 ± 2,66 19,96 ± 2,84 20,65 ± 3,50 20,80 ± 4,31 21,11 ± 4,39 0,574

CC (cm) 70,93 ± 6,47 72,13 ± 8,70 73,31 ± 11,07 73,26 ± 12,29 72,67 ± 11,43 0,940

RCE 0,45 ± 0,04 0,47 ± 0,05 0,48 ± 0,06 0,49 ± 0,06 0,51 ± 0,06 < 0,001

%MG 25,47 ± 8,07 23,83 ± 9,94 25,95 ± 7,23 26,21 ± 7,31 29,27 ± 7,33 < 0,001

Los valores mostrados como media ± DS, valores p < 0,05 son estadísticamente significativos. IMC: índice de masa corporal; CC: contorno de cintura; RCE: razón 
cintura-estatura; %MG: porcentaje de masa grasa.

Bajo peso Normopeso Sobrepeso

p < 0,001

Obesidad

Abdominales = test de abdominales. Flexiones de brazo = test de flexo-extensiones de brazo.  
VO2MAX = consumo máximo de oxígeno.

Abdominales VO2
MAX

Flexiones de brazo

Abdominales = test de abdominales. Salto Largo = test de salto largo. Flexiones = test de flexo-extensiones 
de brazo. 

FlexionesSalto largoAbdominalesTest de Navette

Aceptable Aceptable Aceptable Aceptable
Necesita 
mejorar

Necesita 
mejorar

Necesita 
mejorar

Necesita 
mejorar

Necesita mejorar vs. aceptable

Figura 1. 

Rendimiento físico, según estado nutricional. 

Figura 2. 

Escolares que necesitan mejorar su rendimiento físico. 
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Tabla V. Comparación de variables según la edad

 9-10 años
(n = 231)

11-12 años
(n = 176)

13-14 años
(n = 169)

Valor de p

Peso (kg) 34,69 ± 7,54 53,98 ± 12,55 55,42 ± 10,64 < 0,001

Talla (m) 1,36 ± 0,07 1,57 ± 0,08 1,56 ± 0,07 < 0,001

IMC (kg/m2) 18,57 ± 3,04 21,64 ± 3,99 22,76 ± 3,58 < 0,001

CC (cm) 66,11 ± 7,25 77,38 ± 11,11 77,63 ± 11,11 < 0,001

RCE 0,49 ± 0,04 0,49 ± 0,07 0,50 ± 0,07 0,073

%MG 29,64 ± 7,37 25,59 ± 7,46 23,99 ± 7,58 < 0,001

Test de abdominales (rep) 16,57 ± 5,76 21,81 ± 4,36 21,18 ± 4,70 < 0,001

Test de salto largo (cm) 117,40 ± 16,93 148,71 ± 23,35 141,34 ± 28,76 < 0,001

Test de flexiones de brazo (rep) 15,36 ± 7,66 11,88 ± 6,26 14,12 ± 6,68 < 0,001

Test de Cafra (ppm) 89,90 ± 14,37 121,53 ± 25,69 124,83 ± 23,27 < 0,001

Test de Navette (paliers) 2,68 ± 1,27 7,23 ± 3,13 6,88 ± 3,23 < 0,001

VO2MAX (ml/kg/min) 45,06 ± 2,97 51,34 ± 7,91 48,28 ± 8,53 < 0,001

Los valores mostrados como media ± DS; valores p < 0,05 son estadísticamente significativos. IMC: índice de masa corporal; CC: contorno cintura; RCE: razón 
cintura-estatura; %MG: porcentaje de masa grasa. 

Tabla IV. Correlación de variables con test de rendimiento físico 
Abdominales Salto largo Flexiones de brazo Navette VO2MAX

RCE r -0,249 -0,074 -0,294 -0,403 -0,543

Valor de p 0,000 0,076 0,000 0,000 0,000

%MG r -0,209 0,110 0,048 -0,255 -0,134

Valor p 0,000 0,008 0,254 0,000 0,001

r: rho de Spearman; valores p < 0,05 son considerados estadísticamente significativos.

peso, IMC y CC (p < 0,001). En relación con el rendimiento físico, 
los sujetos en el tramo de 11-12 años tuvieron un mayor VO2

MAX
 

y un mejor desempeño en los test de abdominales, salto largo y 
Navette

 
(p < 0,001).

En el presente estudio, los escolares presentaron un 28,3% de 
sobrepeso y un 17,9 de obesidad, prevalencia de malnutrición por 
exceso superior a la reportada en otra muestra de estudiantes 
chilenos (17) (22,5 y 15,3% en sobrepeso y obesidad, respecti-
vamente). El %MG fue significativamente mayor en las mujeres, 
similares a los descritos en otra investigación, en donde a partir 
de los 11 años las niñas tuvieron un %MG significativamente más 
alto que los niños (18). La CC fue superior en los varones; estos 
resultados concuerdan con los reportados en niños mexicanos en 
etapa prepuberal y adolescentes en el periodo de pubertad (19). 
En una muestra de adolescentes se concluyó que la obesidad 
abdominal está altamente asociada al síndrome metabólico (20).

En el test de abdominales y Navette el rendimiento fue mayor 
en los hombres; en una muestra de escolares españoles, los 
varones asignados al grupo de 11 años presentaron un mejor 
rendimiento en el test de 20 metros, carrera 4 x 10 m, dinamo-

metría manual y salto longitudinal (21). En el presente estudio las 
mujeres tuvieron un rendimiento superior en la fuerza de brazos 
en comparación con los hombres, lo que difiere a lo reportado en 
otra investigación, donde los niños poseían una fuerza de prensión 
manual significativamente mayor (22). El VO2

MAX 
fue mayor en los 

hombres, sin alcanzar significancia estadística (p ≥ 0,05). Resul-
tados diferentes se describieron en otra muestra de estudiantes 
de 9-13 años de edad, donde las mujeres alcanzaron valores 
superiores en esta variable (23).

Estudios nacionales han reportado anteriormente que los es-
colares con obesidad y sobrepeso presentan menores niveles de 
condición física (24). Los escolares categorizados como obesos 
presentaron valores inferiores de rendimiento físico en los test de 
abdominales, salto largo, flexiones de brazo y Navette (p < 0,001). 
En una muestra de escolares, los sujetos con sobrepeso u obe-
sidad mostraron niveles significativamente más bajos de aptitud 
física en carrera de resistencia, velocidad y agilidad. Además, se 
concluyó que el aumento del IMC se asoció con una capacidad 
de rendimiento más baja que limita el desarrollo adecuado de las 
habilidades motoras (25). Inclusive, existe evidencia científica de 
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que la obesidad en la etapa preescolar estuvo asociada con un 
pobre desempeño físico (26). En el presente estudio el VO2

MAX 

fue menor en los sujetos con obesidad en comparación con los 
otros grupos de estudio, similar a los hallazgos encontrados en 
niños obesos, los cuales eran más propensos a carecer de una 
aptitud cardiorrespiratoria adecuada medida a través de un test 
de carrera de 800 metros (27). Una disminución de la capacidad 
residual funcional fue la anormalidad más común en la función 
pulmonar reportada en un estudio desarrollado en niños y ado-
lescentes obesos (28).

En relación con el rendimiento físico, los estudiantes que ne-
cesitan mejorar 3 o 4 test presentan mayor RCE (p < 0,001) 
y %MG (p < 0,001) en comparación con los estudiantes que 
necesitan mejorar 1 test o ninguno. Un estudio realizado en 
estudiantes españoles estableció que una baja capacidad 
muscular y cardiorrespiratoria estaba asociada consistente y 
negativamente con la grasa corporal (29). La agencia de calidad 
de la educación (7) reportó en escolares chilenos que el 14% 
debe mejorar en el test de Cafra, el 21% necesita mejorar en 
los abdominales cortos, el 61% debe mejorar en el salto a pie 
juntos, el 87% debe mejorar en la flexo-extensión de codos, 
y más de la mitad de la población debe mejorar su potencia 
aeróbica máxima. Los resultados presentes demuestran que 
existe un número muy superior de estudiantes que necesitan 
mejorar su rendimiento físico en comparación con los que se 
encuentran aceptables. Un estudio realizado en estudiantes co-
lombianos concluye que se debe mejorar la condición física de 
este grupo como medida protectora en contra de enfermedades 
cardiovasculares en la etapa adulta (30).

Al asociar los test del rendimiento físico con el %MG existió 
asociación negativa con el test de abdominales, test de Navette y 
V02

MAX
, alcanzando significancia con baja asociación; se ha de-

mostrado una correlación negativa y débil entre el V02
MAX 

medido 
a través del test de Rockport con el %MG (31). También se en-
contró una asociación negativa entre la RCE y el VO2

MAX 
(-0,543). 

Una investigación de cohorte prospectiva realizada en Chile, con 
una muestra ponderada de 6.714 hombres y 6.340 mujeres, 
describió que el ajuste de la CC por la estatura (RCE) permite 
predecir con mayor precisión factores de riesgo cardiovascular 
y mortalidad (32).

Los sujetos clasificados en el tramo de 13-14 años presentaron 
un mayor peso, IMC y CC que los escolares con menor rango 
etario. En un estudio realizado en estudiantes de Arequipa, el 
grupo con mayor edad agrupado entre 11-11,9 años poseía un 
mayor peso, % de grasa corporal y una mayor capacidad car-
diorrespiratoria en comparación con los grupos de menor edad 
(11). Con respecto al rendimiento físico, los sujetos en el tramo 
de 11-12 años tuvieron un mayor VO2

MAX
 y un mejor desempe-

ño en los test de abdominales, salto largo y Navette, distinto a 
los hallazgos realizados en la medición de la condición física en 
escolares argentinos a través de la batería ALPHA, en donde se 
reportó que existe una tendencia hacia el aumento en los niveles 
de condición física con el incremento de la edad en los participan-
tes masculinos, en tanto, en las mujeres existió un mantenimiento 
o leve aumento en relación a la edad (33).

CONCLUSIÓN

Como conclusión de esta investigación desarrollada en estu-
diantes pertenecientes a escuelas de la ciudad de Temuco, po-
demos plantear que existe una elevada prevalencia de sobrepeso 
y obesidad en los escolares evaluados, donde los sujetos obe-
sos obtienen un rendimiento inferior en la batería de test físicos 
aplicados, también, existe un porcentaje elevado de estudiantes 
que necesitan mejorar su rendimiento físico, por lo que se deben 
generar estrategias efectivas para revertir estas tendencias ad-
versas para la salud, ya que los escolares que necesitan mejorar 
3 o 4 test de la condición física, presentan mayores promedios 
de %MG y RCE, esta última variable es un potente indicador de 
riesgo cardiovascular.
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Abstract
Introduction: At a global and national level, high prevalence of overweight and obesity in children under fi ve years old has been reported. The 
etiology is multi-factorial, but environmental factors such as sedentary lifestyle, as well as eating habits become more important, given the pro-
gressive deterioration in the food quality that promotes the overweight in childhood and leads to increased risk of chronic, noncommunicable early.

Objective: To describe the intake of food, energy and nutrients in children aged 2-4 years with obesity and healthy children, attending the “Buen 
Comienzo” Program in the form of institutional care setting.

Method: A Cross-sectional study of 111 children with obesity, classifi ed according to IMC > 3 SD, which had were matched by sex, age and 
type of care, with a child with normal nutritional status, Trained personnel performed the anthropometric assessment and standardized methods, 
and dietary intake was assessed using 24-hour recall. Student t-test and Mann Whitney test was used in the bivariate analysis and to determine 
the pattern of food intake in obese and eutrophic children, Latent Class Analysis (LCA) was performed.

 Results: All children have a higher intake of calories to their requirements, but there are signifi cant differences as nutritional status, consumption 
in obese children is 1,632 kcal (IQR: 1,475-1,801kcal) and eutrophics of 1,798 kcal (IQR 1,702-1,632 kcal) (p = 0,00). Children with healthy 
weight, have a higher intake of macro and micro-nutrients (p < 0,05); there is a higher intake of protein and micronutrients during the week (p < 
0,05) and 30% of children did not consume any vegetables and 60% fruit any day prior to the survey and also had a high consumption of sugars.

Conclusions: The children subjected to a obesogenic diet, characterized by a low consumption of fruits and vegetables, as well as highly caloric 
diet with saturated fats and concentrated carbohydrates, that surpasses their daily requirements to gain weight in undesirable.

Resumen
Introducción: a escala mundial y nacional se reporta una alta prevalencia de sobrepeso y obesidad en menores de 5 años. La etiología es 
multifactorial, pero factores ambientales como sedentarismo y el progresivo deterioro de la alimentación promueven el exceso de peso y conllevan 
a mayor riesgo de enfermedades crónicas no transmisibles en temprana edad.

Objetivo: describir la ingesta de alimentos, energía y nutrientes en los niños de 2-4 años con obesidad y eutrófi cos del programa “Buen 
Comienzo”.

Método: estudio de corte con 111 niños con obesidad clasifi cada según IMC > 3 DE, que fueron pareados por sexo, edad y tipo de atención con 
un niño clasifi cado con estado nutricional normal. Personal entrenado realizó la valoración antropométrica con equipos y métodos estandarizados 
y se evaluó la ingesta dietética a través de recordatorio de 24 horas. Se aplicó la prueba t-student y U de Mann Whitney en el análisis bivariado y 
para determinar el patrón de consumo de alimentos y se efectuó un análisis de clases latentes (ACL).

Resultados: los niños tienen un consumo de energía superior a su requerimiento, pero existe diferencia signifi cativa según el estado nutricional; 
el consumo en los niños obesos es de 1.632 kcal (IQR: 1.475-1.801 kcal) y eutrófi cos de 1.798 kcal (IQR 1.702-1.632 kcal) (p = 0,00). Los niños 
con peso adecuado tienen mayor ingesta de macronutrientes y micronutrientes (p < 0,05); hay una mayor ingesta de proteínas y micronutrientes 
durante la semana (p < 0,05); el 30% de los niños no consumió ninguna verdura y el 60% ninguna fruta el día anterior a la encuesta y tuvieron, 
además, un alto consumo de azúcares y dulces.

Conclusiones: los niños están sometidos a una dieta obesogénica caracterizada por un bajo consumo de frutas y verduras y una alta ingesta 
de energía, grasas saturadas y carbohidratos concentrados, lo que promueve una ganancia de peso no deseado.
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INTRODUCCIÓN

La obesidad infantil es uno de los problemas de salud pública 
más graves del siglo XXI; es de orden mundial y afecta a países de 
bajos y altos ingresos. La prevalencia de sobrepeso y obesidad ha 
aumentado a un ritmo alarmante. En el mundo, para el año 2012, 
se estimó que alrededor de 44 millones de niños menores de 
5 años tendrían sobrepeso u obesidad (1). Colombia no es ajena 
a este problema, la Encuesta Nacional de la Situación Nutricional 
(ENSIN) 2010, reportó que el 20,2% de niños y niñas menores 
de 5 años presentaba sobrepeso y el 6,2% obesidad (2). Para 
el caso del municipio de Medellín, en 2010, se encontró que en 
la población de 2 a 5 años la prevalencia de sobrepeso fue del 
20,2% y de obesidad del 7,9% (3).

La obesidad tiene una etiología multifactorial y es el resulta-
do de la conjunción de factores biológicos, genéticos y ambien-
tales, como el sedentarismo y los hábitos alimentarios en donde 
se evidencia un progresivo deterioro de la calidad alimentaria, 
con un incremento en el porcentaje de grasas saturadas y 
carbohidratos concentrados y un menor consumo de frutas 
y verduras (4-8), lo que conlleva a que los niños presenten 
alteración del crecimiento físico, la composición corporal y el 
desarrollo cognitivo y motor, situación que en muchas ocasio-
nes puede ser irreversible (9-11). Los niños con exceso de 
peso tienen mayor probabilidad de seguir siendo obesos en la 
edad adulta y de padecer a edades tempranas enfermedades 
no transmisibles como la diabetes o alteraciones cardiovascu-
lares (1,12,13).

En Medellín (Colombia) a través de la Resolución 12760 de 
2012 (14) se reguló la prestación del Servicio de Atención In-
tegral a la Primera Infancia en desarrollo del programa “Buen 
Comienzo”, garantizando la atención a 24.000 niños y niñas de 
2 a 4 años durante 11 meses en la modalidad entorno institucio-
nal, distribuidos en 242 sedes, la atención es de lunes a viernes 
por un periodo de ocho horas, durante los cuales se suministró 
alimentación en cuatro ocasiones: desayuno, almuerzo y refrigerio 
de mañana y de tarde, teniendo como parámetro una minuta que 
cubre el 73% de la recomendación calórica (15), y además busca 
fomentar el consumo de una alimentación, adecuada, moderada 
y variada.

Teniendo en cuenta que en el municipio de Medellín, hasta 
el momento, no se han realizado estudios en primera infancia 
que permitan identificar factores relacionados con el consumo 
de alimentos asociados al estado nutricional de los niños y 
niñas, y considerando la importancia de un adecuado estado 
nutricional, la alta inversión financiera y en recursos huma-
nos destinada para programas de atención a este grupo de 
población, el objetivo de esta investigación fue describir la 
ingesta de alimentos, energía y nutrientes en los niños de 
2-4 años con obesidad y eutróficos que asisten al programa 
“Buen Comienzo” en la modalidad de atención entorno ins-
titucional, para contar con evidencia científica qué permita 
realizar ajustes pertinentes al componente alimentario y nu-
tricional del programa, que repercuta en el estado nutricional 
y de salud de los niños.

SUJETOS Y MÉTODOS

Se realizó un estudio de cohorte, enmarcado en la investigación 
Factores asociados al estado nutricional en niños con obesidad 
y eutróficos de 2 a 4 años pertenecientes al programa “Buen 
Comienzo” en su modalidad de atención entorno institucional, 
llevado a cabo por la Unidad de Seguridad alimentaria de la Se-
cretaría de Inclusión Social y Familia de la Alcaldía de Medellín 
(Colombia). En la fase inicial se realizó la valoración antropomé-
trica de 17.502 niños y niñas, donde se identificó a los menores 
con obesidad, clasificada según el índice de masa corporal (IMC) 
> 3 desviaciones estándar (DE), de acuerdo con los parámetros 
establecidos por el Ministerio de la Protección Social a través de la 
Resolución 2121 de 2010 (Res 2121/10) (16). Los criterios de ex-
clusión fueron diagnóstico de VIH, enfermedades neoplásicas, 
genéticas, metabólicas, congénitas, renales o endocrinas; algún 
tipo de discapacidad; tener malestar general en el momento de 
la evaluación, estar en tratamiento médico con corticoesteroides 
u hormonas tiroideas; aunque en el estudio no se encontraron 
niños con alguno de estos criterios, 39 niños fueron excluidos 
porque sus padres no aceptaron participar o por cambios en su 
estado nutricional. Finalmente, se realizó la evaluación de la in-
gesta dietética a 111 niños, que fueron pareados por sexo, edad 
y tipo de atención (centro infantil o jardín de calidad)1 con un niño 
clasificado con estado nutricional normal (Fig. 1).

La valoración antropométrica se realizó con equipos y técnicas 
de uso internacional, previa capacitación y estandarización de los 
evaluadores (17), los indicadores antropométricos se analizaron 
bajo los parámetros de la Res 2121/10 para Colombia. Para el 
peso se utilizó una báscula SECA 813, con capacidad de 200 kg y 
sensibilidad de 100 g, para la estatura, un tallímetro portátil SECA 
206, con capacidad de 2 m y sensibilidad de 1 mm.

EVALUACIÓN DE INGESTA DE ALIMENTOS

Se aplicó un recordatorio de 24 horas (R24h) al 100% de 
los participantes y un segundo R24h al 41%, seleccionado de 
manera aleatoria. Las encuestas se realizaron durante los 7 
días de la semana y los segundos R24h se llevaron a cabo 
en días no consecutivos, garantizando así la independencia 
entre los datos. La recolección de la información fue reali-
zada por nutricionistas dietistas, previamente entrenados y 
estandarizados. Para la evaluación del consumo de alimentos 
en el hogar, se entrevistó a la madre o al adulto responsable 
del cuidado del niño y de su alimentación; para precisar las 
cantidades ingeridas, se emplearon modelos de alimentos, 

1.  Jardín infantil de calidad: instalaciones construidas por la Administración muni-
cipal que cuentan con condiciones arquitectónicas de alta calidad estética, 
seguridad e higiene, así como con espacios amplios y organizados adaptados 
para la población infantil. Centro infantil: espacios debidamente adecuados y 
con dotación idónea para el desarrollo infantil, pero cuya infraestructura no 
depende de la Administración municipal, sino de espacios disponibles en el 
sector, tales como casas, locales y salones comunales.
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figuras geométricas y un álbum con fotografías de utensilios 
en tamaño real (18). Para identificar y cuantificar el consumo 
de alimentos en la institución, se realizó una entrevista a la 
auxiliar de nutrición, persona con conocimiento del peso de 
los ingredientes de las preparaciones y además capacitada 
en las porciones de servida. Posteriormente, se entrevistó al 
nutricionista de cada institución, quien, de acuerdo con su 
observación y registro, informó sobre la cantidad realmente 
consumida por los niños.

La conversión de alimentos en sus respectivos nutrientes 
se hizo en el Programa de Evaluación de la Ingesta Dietética 
( EVINDI v4) de la Escuela de Nutrición y Dietética de la Universidad 
de Antioquia (19), que proporciona datos de los alimentos, las 
ocasiones de las comidas y de la ingesta bruta del consumo de 

energía y nutrientes; estos últimos datos se enviaron al Personal 
Computer Software for Intake Distribution Estimation (PC- SIDE) 
versión 1.0 de junio de 2004, desarrollado por el Departamento 
de Estadística de la Universidad del Estado de Iowa, Ames IA,  
EE. UU., el cual estima las distribuciones de consumos habituales 
en la población y el consumo habitual de un nutriente para cada 
individuo. El estimador del consumo habitual para cada individuo, 
que produce el PC-SIDE (Personal Computer Software for Intake 
Distribution Estimation), tiene buenas propiedades estadísticas 
y se conoce como el Mejor Predictor Lineal Insesgado (MPLI), 
el cual combina la información de la ingesta de cada individuo 
con la del total de la muestra. De este modo se corrigen algunos 
errores de medición de la ingesta habitual y se minimiza el error 
de predicción.

Figura 1. 

Diagrama de la población de estudio. 

Fase 1

Fase 2

Fase 3

Primera valoración 
antropométrica

Inicio de la recolección 
de información

Pareados por edad, sexo, 
tipo de atención

111 niños con obesidad

83 IMC ≥ 3 DE 28 IMC > 2 y ≥ 3 DE

Evaluación del consumo de alimentosSegunda valoración antropométrica

125 niños ≥ 3 DE

150 niños
≥ 3 DE

Ministerio de Protección Social
Resolución 2121 de 2010

Obesidad > 2 DE

14 niños con sobrepeso 
excluidos del estudio por 
cambio del IMC (< 2 DE)

25 excluidos:
-  No contactados
-  Padres de familia no  

aceptan participación

570 niños
> 2 - < 3 DE

Cambios en el estado nutricional

Análisis de la información

17.502  
niños y niñas
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El requerimiento energético fue calculado a partir de las re-
comendaciones FAO/OMS/UNU de 2001 (20) y se determinó la 
adecuación energética (ingesta individual/valor recomendado) 
entre el 90 y 110%. En cuanto a los rangos aceptables de dis-
tribución de macronutrientes (AMDR), se consideró un consumo 
adecuado de proteínas entre el 10% y el 15% y de carbohidratos 
del 50% al 65%, por debajo del límite inferior se clasificó como 
riesgo de deficiencia y por encima del límite superior como riesgo 
de exceso; para las grasas saturadas y los carbohidratos simples 
se consideró riesgo de exceso por encima del 10% y para la grasa 
total por encima del 35%. Para estimar la prevalencia de riesgo 
de deficiencia de un micronutriente, se consideró un consumo 
habitual inferior al requerimiento promedio estimado (EAR, sigla 
en inglés) para el nutriente (21).

CONSIDERACIONES ÉTICAS

Se partió de las consideraciones y principios establecidos en 
la Resolución N.º 008430 de 1993, del Ministerio de Salud, de la 
República de Colombia (22), para lo cual clasifica el estudio en 
la categoría “Sin riesgo”. Se contó con el consentimiento informa-
do aprobado y firmado por el padre de familia o adulto responsa-
ble del niño. La investigación contó con la aprobación del Comité 
de Bioética de la Secretaria de Salud de la Alcaldía de Medellín.

ANÁLISIS ESTADÍSTICO

En el análisis univariado se calcularon las frecuencias absolu-
tas y relativas para las variables cualitativas y medidas de ten-
dencia central y de dispersión para las variables cuantitativas. 
Para evaluar el supuesto de normalidad se realizó la prueba de 
 Kolmogorov-Smirnov, de acuerdo con el cumplimiento de este 
supuesto (p > 0,05) se aplicó la prueba t-student y U de Mann 
Whitney en el análisis bivariado. El análisis estadístico se realizó 
en el SPSS v 21.0 (Chicago: SPSS Inc.; 2012).

Para determinar el patrón de consumo de alimentos de los 
niños obesos y eutróficos se efectuó un análisis de clases la-
tentes (ACL) (23), que permitió identificar el número, tamaño 
y características de los grupos “latentes”. En el ACL se tuvie-
ron en cuenta las variables de energía (calorías), proteínas g, 
carbohidratos totales g, carbohidratos simples g, grasa total g, 
vitamina A ER, vitamina C mg, ácido fólico mcg EFD, hierro mg, 
calcio mg y zinc mg categorizados en tertiles de consumo y las 
variables consumo (semana y fin de semana) y estado nutricio-
nal (obesos y eutróficos). Para determinar el número óptimo de 
clases latentes y el modelo que mejor ajustó, se usó el criterio 
bayesiano de clasificación (BIC) y la interpretabilidad de los pa-
rámetros de solución del modelo, con especial atención en el 
significado interpretativo de los perfiles de respuesta para cada 
una de las clases; de esta forma, el modelo que presentó el 
menor BIC (5015.317), modelo con tres clases, ajustó mejor, 
pero en términos de interpretabilidad se optó por el modelo 
con dos clases (BIC 5156.036), pues ofrecía un análisis más 

coherente. Estos criterios apoyaron una solución de un modelo 
con dos clases latentes. Para facilidad en la interpretación, las 
clases se denominaron: “Niños con ingesta alta” y “Niños con 
ingesta media y baja”. Se utilizó el software R versión 2.12 con 
el paquete poLCA para este procedimiento (24).

RESULTADOS

Se evaluaron 111 niñas y niños obesos y 111 eutróficos de 
2 a 5 años; 62,2% eran hombres, 36,5% de los participantes 
consumió alimentos solo en casa, lo que corresponde al con-
sumo el fin de semana y el 63,5% ingirió alimentos tanto en la 
casa como en la institución, consumo realizado en la semana; 
ningún niño comió alimentos solo en la institución. En relación 
con los tiempos de comida, se observó que el 51% de los niños 
consumió alimentos antes de llegar al centro o jardín infantil, 
el 100% desayunó y almorzó, el 79% y 85% tomó refrigerio a 
media mañana y refrigerio a media tarde, respectivamente, en 
la institución; y luego de la jornada escolar en el hogar, el 92% 
de los niños cenó, el 39% merendó y el 54% de ellos consumió 
alimentos en cualquier momento del día.

Se encontraron diferencias significativas en la ingesta de 
energía (p = 0,00) entre niños obesos 1.632 kcal (IQR: 1.475-
1.801 kcal) y eutróficos cuya ingesta fue mayor 1.798 kcal (IQR 
1.702-1.632 kcal), pero no se encontró diferencia en el consumo 
en semana 1.778 kcal (IQR 1.569-2.008 kcal) y fin de semana 
1.616 kcal (IQR 1.391-1.874 kcal) (p = 0,069).

De acuerdo con el requerimiento promedio de energía de los ni-
ños, ambos grupos excedieron su ingesta, superando la adecuación 
de energía con respecto a lo programado, por lo que se encontró 
diferencia significativa (p < 0,05). No hubo diferencias en la ingesta 
energética en la institución y en el hogar entre los niños obesos y 
eutróficos (Fig. 2a). Ambos grupos superaron la adecuación ener-
gética durante el fin de semana, y se encontró un porcentaje de 
adecuación del 131% para los eutróficos y del 123% para los niños 
obesos, con diferencia significativa (p < 0,05). (Fig. 2b)

En cuanto al aporte de macronutrientes al valor calórico total 
(AMDR), se observó que la mayoría de los niños tuvieron una 
distribución adecuada de acuerdo a los puntos de corte defi-
nidos; sin embargo, hubo una alta prevalencia de exceso en 
la ingesta de energía independiente del estado nutricional. Si 
bien no hubo diferencia significativa en el consumo de carbo-
hidratos simples (g) y grasas saturadas (%), se encontró una 
alta prevalencia de exceso en la ingesta tanto en los obesos 
como los eutróficos, superando el 10% del AMDR, y fue mayor 
el fin de semana, en donde también se encontró que el 15,5% 
de los niños eutróficos y más de la mitad de los niños obesos 
(58,1%) presentó riesgo de deficiencia en la ingesta usual de 
proteína (Tabla I).

Se encontraron diferencias significativas entre niños obesos 
y eutróficos en la ingesta de carbohidratos totales g (p = 0,00), 
proteínas g (p = 0,00), grasa total g (p = 0,03), vitaminas A, B9 
y minerales (p = 0,00), siendo mayor el consumo de nutrientes 
en los niños eutróficos (Tabla II). Así mismo, en el total de niños 
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Figura 2. 

Ingesta de energía durante la semana y fin de semana con respecto al requerimiento. 

evaluados se encontraron diferencias significativas en el consumo 
entre semana y durante el fin de semana en carbohidratos totales 
g (p = 0,02), proteína g y %AMDR (p = 0,00), vitamina A, C y 
ácido fólico (p = 0,00), calcio y zinc (p = 0,00), siendo mayor el 
consumo durante la semana, y en grasa total g y hierro (p = 0,04) 
con un mayor consumo durante el fin de semana.

En todos los niños la ingesta de vitaminas y minerales se 
encontró por encima del requerimiento, independiente de si el 
consumo se realizó durante la semana o en el fin de semana 
(Tabla II).

Por medio del análisis de clases latentes se crearon dos grupos. 
Una clase se denominó “Niños con ingesta alta”, que incorporó al 
9,1% de los niños y se caracterizó por contar con: niños con consumo 
en fin de semana, eutróficos, con ingestas de kilocalorías, proteínas, 
carbohidratos totales, carbohidratos simples, grasa total, vitamina A, 
vitamina C, ácido fólico, hierro, calcio y zinc en el último tertil.

En la clase “Niños con ingesta media y baja” se agrupó el 
50,9%: niños con consumo en fin de semana, obesos, con inges-
tas en el primer tertil para kilocalorías, proteínas, carbohidratos 
totales, grasas totales, vitamina A, ácido fólico, hierro, calcio y 

Letras distintas en barras de igual color indican diferencia estadísticamente significativa (p < 0,05).
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Tabla I. Prevalencia de deficiencia y exceso en la ingesta de energía y macronutrientes 
según consumo semana/fin de semana y estado nutricional

Nutriente Puntos de 
corte

Obesos Eutróficos

Fin de semana
n = 58 

Semana
n = 82

Fin de semana
n = 53 

Semana
n = 79

kcal
Déficit < 90% 17,2 (0,01) 0,2 (0,00) 1,6 (0,01) 1,6 (0,01)

Exceso > 110% 53,2 (0,01) 94,9 (0,02) 89,8 (0,03) 88,8 (0,02)

Proteínas 
Déficit < 10 % 58,1 (0,02) 3,0 (0,01) 15,5 (0,02) 0,5 (0,00)

Exceso > 15% 5,2 (0,03) 27,3 (0,01) 12,6 (0,02) 30,4 (0,01)

Carbohidratos
Déficit < 50% 16,9 (0,02) 46,4 (0,01) 18,8 (0,04) 16,1 (0,01)

Exceso > 65% 5,1 (0,01) 17,2 (0,01) 0,7 (0,01) 1,8 (0,00)

Carbohidratos simples Exceso > 10% 85,3 (0,02) 66,2 (0,01) 97,8 (0,10) 84,8 (0,01)

Grasa total Exceso > 35% 21,7 (0,03) *** 32,6 (0,04) 18,3 (0,01)

Grasas saturadas Exceso > 10% 100,0 (0,00) 88,7 (0,01) 100,0 (0,00) 95,1 (0,01)

Grasas poliinsaturadas Exceso > 15% 0,0 (0,00) 0,0 (0,00) 0,0 (0,00) 0,0 (0,00)

Grasas monoinsaturada Déficit < 10% 29,3 (0,07) 44,1 (0,01) 41,0 (0,35) 48,3 (0,01)

n: corresponde al número de recordatorios realizados en fin de semana o semana. Porcentaje de individuos (error estándar). *** No es posible obtener esta información 
debido a la variabilidad en los datos.
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zinc, e ingestas en el segundo tertil de carbohidratos simples y 
vitamina C (Tabla III).

Por otro lado, los niños obesos y eutróficos presentaron un con-
sumo muy similar de frutas y verduras, en cuanto a la variedad y 
cantidad. Las verduras más consumidas fueron zanahoria, tomate, 
lechuga, cebolla y repollo, y las frutas como mango, tomate de 
árbol, moras, guayaba y banano. Aproximadamente el 30% de los 
niños no consumió ninguna verdura y el 60% ninguna fruta el día 
anterior a la encuesta. Además, la cantidad promedio ingerida de 
frutas es de 46 gramos, y de verduras de 11 gramos.

Los niños obesos incluyeron más alimentos del grupo de las 
grasas y de azúcares y dulces; sin embargo, la cantidad de grasa 
ingerida en promedio por porción no fue diferente entre los niños 
obesos y eutróficos.

En el caso de los azúcares y dulces, la panela, el azúcar y la 
gaseosa fueron los alimentos más consumidos; ambos grupos de 
niños consumieron alrededor de 60 gramos de azúcar y panela y 
180 cc de gaseosa el día anterior a la entrevista.

DISCUSIÓN

Los resultados de este estudio indican que hay un exceso en 
la ingesta de energía independiente del estado nutricional de los 
niños, encontrándose un mayor consumo calórico en el grupo de 

los eutróficos (p = 0,00). Esta información concuerda con otros 
reportes realizados, en donde el menor consumo de energía en los 
niños más obesos parece contradictorio; sin embargo, estudios 
realizados en Perú, Chile y Australia describen que la ingesta 
media de energía en niños es más alta en aquellos con un peso 
normal que en los niños con obesidad (25-28). Estos resultados 
pueden partir de la relación entre la ingesta de energía, la práctica 
de actividad física y el IMC o, en su defecto, otras medidas de 
adiposidad, pues se ha evidenciado que probablemente aquellos 
niños con un IMC o porcentaje de grasa corporal (%GC) adecuado, 
tienen una mayor exposición a la actividad física y mayor ingesta 
de energía; por el contrario, aquellos individuos con IMC o %GC 
alto son menos activos y su ingesta energética puede ser menor 
(28-30). La evidencia ha mostrado que la prevalencia de obesidad 
no solo se debe a un balance calórico positivo, sino a la existencia 
de otros aspectos relacionados con el estilo de vida y con factores 
socioeconómicos, ambientales y culturales (31-33), entre las que 
se encuentra la actividad física; sin embargo, en este estudio no 
fue posible relacionar el estado nutricional, el consumo de ali-
mentos y la actividad física, debido a que en el macroproyecto no 
se contó con la clasificación de actividad física a nivel individual.

En el presente estudio también se encontró que tanto en la 
institución como en el hogar se excedió el aporte de energía con 
respecto al requerimiento de los niños, que según lo programado 
corresponde al 73% y 27%, respectivamente; por tanto, la ingesta 

Tabla II. Consumo de nutrientes según estado nutricional y consumo durante la semana  
y en el fin de semana

Nutrientes
Estado nutricional Consumo 

Eutróficos Obesos p Fin de semana Semana p

CHO totales g* 243 (221-266) 221 (200-244) 0,000 217 (185-253) 246 (219-275) 0,016

CHO totales %AMDR† 55 (3,62) 55 (4,25) 0,273 55 (4,71) 55 (5,65) 0,393

CHO simples g* 59 (46-74) 58 (49-69) 0,790 56 (42-74) 60 (50-72) 0,266

CHO simples %AMDR* 14 (12-17) 15 (12-17) 0,000 15 (12-18) 13 (10-17) 0,827

Proteínas g* 59 (53-67) 54 (48-61) 0,000 51 (41-61) 61 (54-69) 0,000

Proteínas %AMDR* 14 (12-15) 13,4 (13-14) 0,012 13 (11-14) 14 (13-15) 0,003

GT g* 62 (31-75) 58 (50-67) 0,031 62 (56-68) 61 (52-71) 0,044

GT% AMDR* 31,7 (31-32) 32 (29-35) 0,227 32 (30-35) 31 (27-34) 0,918

AGS% AMDR† 14 (1,75) 14 (2,44) 0,256 15 (2,08) 13 (2,44) 0,227

AGM% AMDR* 10,6 (10-11) 11 (10-12) 0,000 11 (10-12) 10 (9-12) 0,776

AGP% AMDR* 5,6 (4,4-7,0) 5,7 (5,4-6,0) 0,202 5,2 (4,7-5,6) 5,8 (5,1-6,5) 0,645

Vitamina A (ER)* 1.055 (939-1.183) 850 (732-975) 0,000 602 (452-808) 1016 (833-1.278) 0,001

Vitamina C (mg)* 140 (82-224) 146 (130-163) 0,414 96 (63-146) 198 (163-238) 0,000

Ácido fólico (mcg)* 240 (220-261) 230 (214-247) 0,000 164 (146-184) 241 (190-307) 0,000

Hierro (mg)* 13,3 (12,7-14,0) 10,5 (9,7-11,3) 0,000 12.9 (11,4-14,7) 11,8 (10,3- 13,5) 0,037

Calcio (mg)* 876 (711-1.063) 778 (655-912) 0,000 619 (431-865) 957 (877-1.042) 0,000

Zinc (mg)* 8,17 (7,26-9,17) 7,50 (6,90-8,10) 0,000 7,40 (6,40-8,50) 8,10 (7,00-9,30) 0,001

Los valores presentados son media + DE, mediana (rango intercuartílico). *Prueba U de Mann Whitney. †Prueba t-student.
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de energía supera su adecuación en el 30% aproximadamente, 
independiente de su estado nutricional. El exceso energético es 
más representativo en el hogar, pues consumen el doble de lo 

esperado; posiblemente debido a la falta de hábitos de alimenta-
ción adecuados en la familia (34). El 13% adicional que se ofreció 
en la institución puede deberse a que las auxiliares de nutrición 

Tabla III. Clases latentes y probabilidades condicionales

Variable Categorías
Niños con ingesta alta

49,1%
Niños con ingesta media y baja

50,9%

Estado nutricional
Obeso 0,1004 0,8857

Eutrófico 0,8996 0,1143

Consumo
Fin de semana 0,3112 0,4167

Semana 0,6888 0,5833

Energía kcal

≤ 1.688 0,000 0,655

1.689-1.789 0,3629 0,3048

1.790+ 0,6371 0,0402

Proteínas g

≤ 54,0 0,142 0,518

54,1-59,5 0,2420 0,4215

59,6+ 0,6160 0,0605

Carbohidratos totales g

≤ 221,6 0,0601 0,5970

221, -239,2 0,3439 0,3232

239,3+ 0,5960 0,0798

Carbohidratos simples g

≤ 54,0 0,3575 0,3101

54,1-61,7 0,1822 0,4792

61,8+ 0,4604 0,2108

Grasa total g

≤ 55,5 0,2175 0,4451

55,6-62,5 0,2947 0,3706

62,6+ 0,4878 0,1843

Vitamina A (ER)

≤ 873 0,0211 0,6346

87 -1.033 0,3001 0,3654

1.034+ 0,6788 0,0000

Vitamina C (mg)

≤ 142 0,3641 0,3036

143-152 0,0797 0,5781

153+ 0,5562 0,1183

Ácido fólico (mcg)

≤ 230 0,0787 0,5791

231-238 0,2849 0,3801

239+ 0,6364 0,0409

Hierro (mg)

≤ 10,7 0,000 0,655

10,8-13,2 0,3212 0,3450

13,3+ 0,6788 0,0000

Calcio (mg)

≤ 759 0,1759 0,4852

760-875 0,2596 0,4045

876+ 0,5644 0,1103

Zinc (mg)

≤ 7,5 0,0782 0,5796

7,6-8,0 0,2627 0,4015

8,1+ 0,6592 0,0189



1059INGESTA DE ENERGÍA Y NUTRIENTES EN NIÑOS DE 2-4 AÑOS QUE ASISTEN AL PROGRAMA “BUEN COMIENZO”, MEDELLÍN 
(COLOMBIA)

[Nutr Hosp 2016;33(5):1052-1061]

tienen debilidades en la estandarización de porciones y en el 
alistamiento de los ingredientes para elaborar las preparaciones, 
y sirven más de lo programado en el ciclo de menú establecido. 
Adicionalmente, se evidencia que hubo duplicidad en algunos de 
los momentos de comida que los niños realizan durante el día, 
este hecho desmitifica la creencia de que los niños del programa, 
dada su vulnerabilidad socioeconómica, solo consumen alimentos 
en la institución.

La ingesta alta de energía en los niños es un aspecto preo-
cupante; estudios realizados en niños alemanes han mostrado 
que la ganancia de peso se debe a un pequeño, pero positivo, 
balance de energía que se realiza constantemente (35), y que, 
para prevenir el sobrepeso en los niños, la brecha de energía no 
debe exceder de 46 a 72 kcal al día (36). En nuestro estudio, 
los niños obesos y eutróficos consumieron en promedio 175 y 
340 kcal más de lo que requieren respectivamente, lo cual lleva 
a pensar que si los niños continúan con esta ingesta se promueve 
una ganancia de peso que supera lo deseado y además se ha 
evidenciado que la ganancia de peso después de los 2 años 
ejerce efectos predominantemente perjudiciales para la salud en 
términos de factores de riesgo a largo plazo (37).

El consumo de carbohidratos, proteínas y grasa total fue signifi-
cativamente mayor en los eutróficos; aunque en ambos grupos la 
distribución porcentual de macronutrientes se encontró dentro de 
los rangos establecidos en cuanto a lo recomendado, no se puede 
perder de vista que esta distribución está basada en una dieta que 
excede su adecuación en energía, carbohidratos concentrados y 
grasa saturada, comportamiento que coincide con lo reportado en 
otros estudios (25,26,38). Esta conducta es un factor de riesgo 
para la continuación de este hábito inadecuado en la edad adulta 
(34), pues con el tiempo conduce no solo al cambio de estado 
nutricional en los niños eutróficos, sino también al desarrollo de 
enfermedades cardiovasculares, diabetes e hipertensión. Algunos 
estudios han evidenciado que ingestas dietéticas altas en ácidos 
grasos saturados aumentan las concentraciones plasmáticas de 
colesterol total y LDL, e incluso, a una edad temprana, pueden 
aumentar el depósito de lípidos y la aparición prematura de le-
siones vasculares (38).

Al comparar el consumo de alimentos entre semana y fin de 
semana, se evidencia claramente que la atención en el jardín o 
centro infantil es un factor que favorece la calidad de la alimenta-
ción en la semana, toda vez que proporciona un mejor aporte en 
cuanto a proteínas, vitaminas y minerales, excepto el hierro, cuyo 
consumo fue más alto durante el fin de semana. La prevalencia de 
riesgo de deficiencia en la ingesta de proteínas en el total de los 
niños aumentó considerablemente de semana a fin de semana, 
siendo más representativo en los niños obesos, cuyo aumento va 
de 3% a 58,1%, lo que indica que en el hogar se disminuye el 
aporte de alimentos fuente de este nutriente. Otro aspecto im-
portante es que no hay diferencias en la ingesta de carbohidratos 
concentrados, grasa total y grasas saturadas en el consumo en 
semana y fin de semana, toda vez que con los alimentos sumi-
nistrados durante el fin de semana se iguala e incluso se supera 
la ingesta de estos nutrientes durante la semana, cuyo consumo 
excesivo representa riesgos para la salud. Estos resultados son 

coherentes con lo encontrado en estudios realizados en Chile 
y Argentina, los cuales demostraron que la alimentación en la 
institución es de buena calidad y da respuesta a parámetros es-
tablecidos y que el exceso en la ingesta energética proviene del 
hogar, debido a una mayor oferta de alimentos de menor calidad, 
lo que empeora más aún durante el fin de semana (39-42).

En cuanto a la ingesta de vitaminas y minerales, es impor-
tante destacar que, aunque todos los niños consumen más de 
su requerimiento, la ingesta es menor en los niños obesos, lo 
que continúa mostrando una limitación en la calidad de la dieta 
de estos individuos. Asimismo, se evidencia que la ingesta de 
micronutrientes es mayor durante la semana, debido al aporte 
en la institución, que, desde sus lineamientos, espera cubrir más 
del 100% de la recomendación a través de los momentos de 
alimentación establecidos. En la revisión realizada se encontraron 
pocos estudios donde se evaluara el consumo de micronutrientes 
en niños que hubieran participado en programas de alimentación 
escolar por estado nutricional; sin embargo, en un estudio reali-
zado en México en niños de 24 a 59 meses, se encontró que la 
ingesta de retinol, hierro y calcio fue mayor en los beneficiarios 
de programas de alimentación, aunque para estos no se lograba 
cubrir la recomendación (43).

En general, los niños y niñas presentaron un consumo insufi-
ciente de frutas y verduras, toda vez que la Organización Mundial 
de la Salud recomienda un consumo diario promedio de 400 gra-
mos entre estos dos grupos de alimentos (44); por tanto, los 
niños están consumiendo solo un 14% de la recomendación. 
Esta tendencia al bajo consumo de frutas y verduras en niños 
con exceso de peso se ha encontrado en otros estudios (7,30,45). 
Asimismo, se encontró una alta ingesta de azúcares y dulces, lo 
que significa un aporte diario de 340 kilocalorías provenientes 
solo de este grupo de alimentos. Esto indica que ni en la institu-
ción ni en la casa se están promoviendo hábitos de alimentación 
saludable, resultados que coinciden con otros estudios realizados 
en Colombia en niños y niñas del programa MANA Infantil (46).

Finalmente, al realizar el análisis de clases latentes, se forma-
ron claramente dos perfiles que confirman los resultados hasta 
ahora descritos: un perfil de niños obesos con bajas ingestas de 
energía y nutrientes, y un perfil de niños con peso adecuado con 
ingesta alta de energía y nutrientes. En la búsqueda bibliográ-
fica realizada se encontraron estudios donde se determinaron 
patrones de consumo de alimentos y sus grupos por medio del 
análisis de componente principales; sin embargo, no se hallaron 
estudios realizados en este grupo poblacional, ni estudios donde 
los perfiles se construyeran a partir de la composición nutricional 
de los alimentos consumidos, lo que dificultó la comparación de 
nuestros hallazgos en este aspecto.

El método de evaluación de ingesta empleado en el estudio es 
ampliamente reconocido y utilizado a escala nacional e interna-
cional (31,46-49). El recordatorio de 24 horas permitió realizar el 
análisis del consumo habitual en la población, toda vez que desde 
la metodología se contemplaron los aspectos necesarios para es-
timar la variabilidad intraindividual e interindividual y para garanti-
zar la precisión de las cantidades ingeridas (50). Sin embargo, se 
reconoce que existen algunas dificultades para la evaluación de la 
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ingesta en la población infantil, más aun cuando se trata de niños 
con obesidad, donde son las madres o personas responsables de 
la alimentación de los niños quienes proporcionan la información 
y probablemente se incurre en la subestimación de las porcio-
nes y se omite el reporte de alimentos entre comidas o que son 
considerados poco saludables. Esta posible limitación concuerda 
con lo reportado en otros estudios, donde se ha evidenciado que 
la infravaloración del consumo puede estar directamente relacio-
nada con el IMC del niño, con la percepción que tienen los padres 
con respecto al peso de sus hijos o con un sentimiento de pena 
para reportar la comida ingerida (31,41,51).

A partir de lo encontrado en el estudio se reconoce que la 
alimentación proporcionada en los centros o jardines infantiles 
mejora el aporte de proteínas y micronutrientes; sin embargo, 
tanto en el hogar como en la institución, los niños están so-
metidos a una dieta obesogénica que con el tiempo promueve 
una ganancia de peso no deseado. Por este motivo estos re-
sultados cobran importancia, pues permiten establecer medi-
das preventivas y correctivas en la normativa vigente, desde la 
implementación de intervenciones sostenibles a largo plazo a 
través de componentes tan importantes como lo son la educa-
ción y prácticas en alimentación y nutrición y la actividad física, 
partiendo de un abordaje no solo a nivel institucional, como 
también a nivel familiar, pues es en esta etapa del ciclo vital 
donde se adquieren los hábitos alimentarios que persisten en 
la adolescencia y en la edad adulta.

Además, es la oportunidad de afianzar las alianzas interinstitu-
cionales e intersectoriales, para realizar una lectura del contexto 
y hacer un análisis de la situación alimentaria de los niños y 
de todos los factores condicionantes relacionados con su esta-
do nutricional; de esta manera se puede brindar una atención 
integral enmarcada más desde la prevención y promoción de 
hábitos de estilos de vida saludable que desde la superación 
de la enfermedad.
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Resumen
Objetivo: el objetivo de este estudio fue poner de relieve la prevalencia del sobrepeso y la obesidad en los adolescentes de ocho países árabes.

Métodos: estudio transversal basado en escolares, que se llevó a cabo en ocho países árabes: Irak, Jordania, Kuwait, Libia, Palestina, Arabia 
Saudí, Sudán y Túnez. La muestra total estuvo compuesta por 6.447 adolescentes de 15-18 años (3.111 hombres, 3.336 mujeres). Se utilizaron 
para determinar los niveles de obesidad de la Fuerza Internacional de Obesidad (IOTF) y los patrones de referencia de la Organización Mundial 
de la Salud (OMS).

Resultados: el estándar de la OMS presentó menor prevalencia de sobrepeso, pero mayor prevalencia de obesidad que el estándar de la IOTF. 
De acuerdo con la norma IOTF, el sobrepeso entre los varones fue más alto en los adolescentes kuwaitíes (24,8%), seguido de Arabia Saudí 
(23,2%). Entre las mujeres, se informó de la más alta prevalencia en adolescentes kuwaitíes (22,1%), seguido por las jordanas (20,0%). En cuanto 
a la obesidad, los adolescentes kuwaitíes presentaron la mayor prevalencia de obesidad tanto en hombres (28,6%) como en mujeres (21,1%).

Conclusión: los resultados revelaron que no se ha conseguido ningún progreso en la reducción de la prevalencia de la obesidad.

Abstract
Objective: The aim of this study was to highlight the prevalence of overweight and obesity among adolescents in eight Arab countries.

Methods: A school-based cross-sectional study was conducted in eight Arab countries: Iraq, Jordan, Kuwait, Libya, Palestine, Saudi Arabia, 
Sudan and Tunisia. The total sample included was 6,447 adolescents aged 15-18 years (3,111 males, 3,336 females). The International Obesity 
Task Force (IOTF) and World Health Organization (WHO) reference standards were used to determine obesity levels.

Results: The WHO standard provided lower prevalence of overweight but higher prevalence of obesity than the IOTF standard. According to the 
IOTF standard, overweight among males was highest in Kuwaiti adolescents (24.8%), followed by Saudi Arabian (23.2%). Among females, the 
highest prevalence was reported in Kuwaiti adolescents (22.1%), followed by Jordanian (20.0%). Regarding obesity, Kuwaiti adolescents showed 
the highest prevalence of obesity for both males (28.6%) and females (21.1%).

Conclusion: Findings revealed no progress in reducing prevalence of obesity.
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INTRODUCTION

Obesity has become the main public health challenge in both 
developed and developing countries (1). A number of potential fac-
tors have contributed to explain the global high increase in obesity 
over the past three decades such as increase in calorie intake, 
change in composition of diet and decline in physical activity. Con-
cern about co-morbidities associated with increasing obesity has 
become well recognized. Therefore, up-to-date information on the 
prevalence of and trends in overweight and obesity is important 
for assessing their health effects and to evaluate the progress of 
current prevention programmes (2).

The proportion of adolescents who are overweight or obese is 
markedly increasing globally (3). Indicators from Arab countries 
suggest an alarming prevalence of overweight and obesity in chil-
dren and adolescents (4,5). Adolescence is a crucial stage in the 
evolution of obesity as well as for starting risk factors for some 
chronic diseases in adulthood (3). Therefore, this study aimed to 
provide up-to-date information on the prevalence of overweight 
and obesity among adolescents in eight Arab countries.

METHODS

The current data were extracted from the ARABEAT-2 project, 
which was organized by the Arab Center for Nutrition and targeted 
to explore the social aspects of obesity among adolescents in 
eight Arab countries, namely Iraq, Jordan, Kuwait, Libya, Palestine, 
Saudi Arabia, Sudan and Tunisia. The capital or one main city was 
selected from each country, which were: Mosel, Amman, Kuwait, 
Tripoli, Gaza, Dammam, Khartoum and Tunisia, respectively. The 
target group was public school students aged 15–18 years. 
The data were collected during the 2013–2014 school year. Each 
centre was responsible for obtaining the ethical approval to carry 
out the study from their Ministry of Education.

The aim was to include not less than 5% of total students aged 
15-18 years in each city. Sample size was calculated with a 5% 

margin of error and with 95% confidence of interval. The students 
were selected using a multistage stratified sampling method. Due 
to the shortage of data on private schools in some countries, only 
public schools were included in this study. In the first stage, each city 
was divided into several administrative regions, ranging from two to 
four regions, based on governmental administration in each country. 
In the second stage, the public secondary schools were selected 
proportionally by gender from each administrative region, using a 
simple random method. In the third stage, the classes (levels 10-12) 
were selected from each country using a simple random method. The 
total sample of students in each country was varied depending on 
the number of selected schools and the number of students in each 
class. The total sample from the eight countries was 6,447 (3,111 
males, 3,336 females). Distribution of the sample by country and 
gender is presented in table I. It can be seen that the proportion of 
male to female is almost close in all countries, except in Libya and 
Palestine, where the proportion of females is much higher than males. 
This is probably due to unsettlement (in Libya and Palestine) or poverty 
(in Palestine), which force the males either to become involved in the 
civil war, such as in Libya, or to withdraw from schools and enroll in 
work to earn extra income for the family, such as in Gaza, Palestine.

Weight and height were measured according to a standard 
procedure (6). All measurements were taken with minimum cloth-
ing and without shoes. Overweight and obesity were calculated 
according to both the International Obesity Taskforce (IOTF) (7) 
and the World Health Organization (WHO) (8) reference standards. 
Chi-square test was used to measure the statistically differences 
between the two standards.

RESULTS

Proportions of overweight and obesity among adolescents 
(15-18 years) in eight Arab countries according by the IOTF and 
WHO reference standards are presented in table II. In general 
the WHO standard estimated a higher prevalence of obesity, but 
lower prevalence of overweight than the IOTF standard. The dif-

Table I. Sample size of studied adolescents (15-18 years) by country and gender

Country City
Male Female Total

No. % No. % No. %

Iraq Mosel 410 45.4 494 54.6 904 100.0

Jordan Amman 400 50.3 395 49.7 795 100.0

Kuwait Kuwait 343 48.6 363 51.4 706 100.0

Libya Tripoli 307 40.4 452 59.6 759 100.0

Palestine Gaza 227 37.2 383 62.8 610 100.0

Saudi Arabia Dammam 518 53.8 450 46.5 968 100.0

Sudan Khartoum 488 54.1 414 45.9 902 100.0

Tunisia Tunisia 418 52.1 385 47.9 803 100.0

Total 3,111 48.3 3,336 51.7 6,447 100.0
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ferences between two methods were highly statistically significant 
(p < 0.001) among all genders in all countries. Using the IOTF 
standard, the highest proportion of overweight was observed in 
Kuwaiti adolescents (both males (24.8%) and females (22.1%), 
followed by Saudi males (23.2%) and Jordanian females (20%). 
The lowest proportion of overweight was noticed in Sudanese ado-
lescents (6.5% and 8.5%, for males and females, respectively). 
Similarly regarding obesity prevalence, the Kuwaiti adolescents 
had the highest prevalence (28.6% and 21.1%, in males and 
females, respectively), whereas the Sudanese adolescents had 
the lowest prevalence (2.5% and 3.9% in males and females, 
respectively). There was some trend that overweight and obesity 
prevalence increased as per capita income of the country in-
creased.

DISCUSSION

This study is the first attempt to compare the prevalence of 
overweight and obesity among adolescents in eight Arab countries 

using two reference standards (IOTF and WHO), as well as using 
similar methodology. The results suggested a high proportion of 
overweight and obesity among adolescents (15-18 years) in most 
countries studied. Even in very poor countries such as Sudan, 
which is experiencing severe malnutrition and shortage of food, an 
alarming prevalence of overweight and obesity has been observed 
in urban adolescents.

The high prevalence of overweight and obesity among ado-
lescents in Kuwait and Saudi Arabia may be due to the rapid 
nutrition transition, which started earlier in these two countries 
than in other countries, mainly due to the early discovery of oil 
in Kuwait and Saudi Arabia. This leads to the improvement in 
socio-economic status and consequently to changes in dietary 
habits and lifestyle (3). In general, the difference in the prevalence 
of obesity between the eight Arab countries could be attributed to 
ethnic background, socio-economic status, sedentary behaviour, 
food habits, and timing of puberty (9,10). The higher prevalence 
of obesity among males than females in some Arab countries may 
be due to the differences in the timing of puberty, muscular tissue, 
and food consumption patterns between boys and girls (10,11).

Table II. Proportion of overweight and obesity among adolescents (15-18 years) in eight 
Arab countries by gender, according to IOTF and WHO reference standards

Country Male Female Total

Reference non-
obese

Overweight Obese non-
obese

Overweight Obese non-
obese

Overweight Obese

(%) (%) (%) (%) (%) (%) (%) (%) (%)

High income

Kuwait IOTF 46.6 24.8 28.6 56.8 22.1 21.1 51.8 23.4 24.8

WHO 45.5 14.0 40.5 56.7 12.1 31.2 51.3 13.0 35.7

Saudi Arabia IOTF 52.5 23.2 24.3 73.8 15.3 10.9 62.4 19.5 18.1

WHO 53.3 11.2 35.5 73.8 8.0 18.2 62.8 9.7 27.5

Middle income

Iraq IOTF 72.7 18.5 8.8 76.5 19.4 4.1 74.8 19.0 6.2

WHO 72.2 10.5 17.3 76.5 11.9 11.6 74.6 11.3 14.1

Jordan IOTF 78.3 14.0 7.7 77.0 20.0 3.0 77.6 17.0 5.4

WHO 78.5 9.0 12.5 76.7 14.7 8.6 77.6 11.8 10.6

Libya IOTF 76.2 16.6 7.2 73.9 17.9 8.2 74.8 17.4 7.8

WHO 76.9 9.8 13.3 73.5 10.0 16.5 74.8 9.9 15.3

Tunisia IOTF 79.4 14.8 5.8 77.4 16.9 5.7 78.5 15.8 5.7

WHO 79.2 9.6 11.2 77.9 11.5 10.6 78.5 10.5 11.0

Low income

Palestine IOTF 77.5 15.9 6.6 77.5 16.5 6.0 77.6 16.2 6.2

WHO 77.5 9.7 12.8 77.0 11.7 11.3 77.2 11.0 11.8

Sudan IOTF 91.0 6.5 2.5 87.7 8.5 3.9 89.5 7.4 3.1

WHO 91.0 3.1 5.9 87.9 5.8 6.3 89.6 4.3 6.1

The differences between two standards were highly statistically significant (p < 0.001) among all genders in all countries.
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Based on the findings of this study it can be concluded that 
no progress has been made in reducing the trends of obesity 
among schoolchildren in Arab countries. Practical and relevant 
programme to prevent and control obesity in schoolchildren is 
urgently needed in each Arab country.
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Abstract
Objective: This study was related to stages of change in behaviour regarding physical activity and nutritional state in amonq school children in 
Bogotá, Colombia, who were participating in the FUPRECOL study.

Methods: This was a cross-sectional study in which 8.000 9 to 17 year-old children and adolescents participated; they came from 24 educational 
institutions in Bogotá, Colombia. A self-completed questionnaire regarding behavioural change concerning an intension to engage in physical activ-
ity (CCC-FUPRECOL) was completed and weight and stature were measured for determining nutritional state according to body mass index (BMI).

Results: There was a 82,5% response and 6,606 replies were considered valid, 58.3% (n = 3,850) being from girls having an average age of 
12.7 ± 2.3 years-old. The study population overall was placed in the following stages: 5.3% in the pre-contemplation stage, 31.8% in contem-
plation, 26.7% in action and 36.2% in the maintenance stage. When change stage was compared to nutritional state by BMI, those schoolchildren 
classifi ed as being obese had a higher frequency of response regarding the pre-contemplation stage, whilst schoolchildren having a healthy 
weight had higher rates regarding the maintenance stage.

Conclusion: A statistically signifi cant relationship was found for schoolchildren in Bogotá, Colombia, when comparing the intension to engage 
in physical activity and nutritional state by BMI. Encouraging the promotion of physical activity and monitoring nutritional state must become a 
priority on public agendas and policies regarding the scholastic setting.

Resumen
Objetivo: el propósito del estudio fue relacionar la etapa en el cambio en el comportamiento frente a la actividad física y el estado nutricional 
en escolares de Bogotá, Colombia, pertenecientes al estudio FUPRECOL.

Método: se trata de un estudio transversal, realizado en 8.000 niños y adolescentes de entre 9 y 17 años, pertenecientes a 24 instituciones 
educativas. Se aplicó de manera autodiligenciada el cuestionario de cambio de comportamiento en función de la intención de realizar actividad 
física (CCC-FUPRECOL) y se midió el peso y la estatura para determinar el estado nutricional con el índice de masa corporal (IMC).

Resultados: el porcentaje de respuesta fue del 82,5% y se consideraron válidos 6.606 registros, siendo el 58,3% (n = 3.850) niñas, con un 
promedio de edad de 12,7 ± 2,3 años. En la población general, el 5,3% de los escolares se encontraba en etapa de precontemplación, el 31,8% 
en contemplación, el 26,7% en acción y el 36,2% en etapa de mantenimiento. Al comparar la etapa de cambio con el estado nutricional por IMC, 
los escolares clasifi cados como obesos mostraron mayor frecuencia de respuesta en la etapa de precontemplación, mientras que los escolares 
con peso saludable acusaron mayores porcentajes en la etapa de mantenimiento.

Conclusión: en escolares de Bogotá, Colombia, se encontró una relación estadísticamente signifi cativa entre la intención de realizar actividad 
con el estado nutricional medido con el IMC. Fomentar la promoción de la actividad física y monitorizar el estado nutricional deberá ser una 
prioridad en las agendas y políticas públicas dentro del ámbito escolar.
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INTRODUCCIÓN

A escala mundial, la prevalencia de obesidad y el exceso de 
peso infantil superan el 30% (1) por lo que se considera un proble-
ma creciente en la salud pública global (2). Esta alteración nutri-
cional ha sido descrita como un fuerte predictor de enfermedades 
no transmisibles, entre las que destaca la diabetes mellitus de 
tipo 2 (3), varios tipos de cáncer y patologías relacionadas con el 
sistema cardiometabólico (4,5). Frente a esta problemática, varios 
autores (6,7) han sugerido la implementación de intervenciones 
comunitarias, junto al estudio de las conductas y comportamien-
tos relacionados con el estilo de vida desde edades tempranas. 
Por ello, se ha comenzado a considerar la prevención de la obe-
sidad infantil una prioridad dentro de las políticas de salud pública 
en muchos países (8).

La actividad física (AF) y la dieta saludable han sido señaladas 
como los principales factores para prevenir las enfermedades 
cardiovasculares y la obesidad (9). Atendiendo a ello, se han pro-
puesto diferentes programas, estrategias y acciones políticas, 
educativas y sociales con el fin de promover la salud y con el 
objetivo de proporcionar una orientación sobre parámetros de AF 
(10), consumo de frutas y verduras (11), espacios que incentiven 
conductas saludables (12) o que disminuyan comportamientos 
perjudiciales como el uso recreativo de drogas, tabaco y alco-
hol (13).

Así, se han descrito para este propósito varias teorías y princi-
pios del cambio conductual. Entre el más usado, el modelo trans-
teórico (MTT), el cual aplica una serie de cinco etapas de cambio 
que atraviesa un individuo al modificar un comportamiento nocivo 
a uno saludable (14). Este modelo busca predecir la oportunidad 
de cambio en el comportamiento, a través de la identificación de 
diferentes etapas (15). En infantes y adolescentes, autores como 
Driskell y cols. (16) han resaltado la importancia de considerar las 
etapas de cambio del MTT para planificar estrategias y progra-
mas de intervención en el ámbito escolar. Asimismo, los trabajos 
de Madureina y cols. (17) han encontrado una fuerte asociación 
entre las etapas de cambio comportamental frente a la AF con el 
estado nutricional medido con el índice de masa corporal (IMC) 
en jóvenes universitarios. Estos autores han mostrado que los 
universitarios ubicados en la etapa el precontemplación presen-
taron OR 7,98 (IC 95%: 1,41 a 45,3) veces más probabilida-
des de tener sobrepeso que su contraparte clasificados en la 
etapa de mantenimiento. Así, la aplicación del MTT permitirá no 
solo la implementación de estrategias que consideren las etapas 
del cambio de conducta en las que se encuentran los distintos 
grupos, sino también las motivaciones y barreras que afectan su 
comportamiento, aspectos necesarios para mejorar la efectividad 
de las intervenciones en el contexto escolar (10-13).

A la fecha, varios autores (10-15) han señalado la escasez de 
estudios de distintos constructos del MTT en el cambio conductual 
en función a la AF. Sin embargo, existe evidencia coherente y ex-
plicativa del MTT en procesos de cambio en fumadores (13) y en 
conductas alimentarias específicas, como el consumo de frutas y 
verduras (11), y el consumo de grasas en algunos grupos etarios. 
A pesar de este interés, pocos estudios han indagado el cambio 

de comportamiento frente a la AF con el estado nutricional en la 
población escolar. El propósito del estudio fue relacionar la etapa 
en el cambio en el comportamiento frente a la actividad física y el 
estado nutricional en escolares de entre 9 y 17 años de Bogotá, 
Colombia, pertenecientes al estudio FUPRECOL.

MATERIALES Y MÉTODOS

El presente trabajo es un análisis secundario del proyecto 
FUPRECOL (Asociación de la Fuerza Prensil con Manifestaciones 
Tempranas de Riesgo Cardiovascular en Niños y Adolescentes 
Colombianos); cuya metodología ha sido publicada con ante-
rioridad (18-20). Se trata de un estudio de corte transversal, 
realizado en niños y adolescentes en edad escolar de entre los 
9 y 17 años, residentes en el área metropolitana del Distrito 
Capital de Bogotá, Colombia (2.480 msnm). Con base en la 
información obtenida de la Secretaria de Educación Distrital 
de Bogotá (SED), referente a la distribución de los escolares 
matriculados en los años 2012 y 2013, se decidió seleccionar 
escolares (n = 8.000) de 24 instituciones educativas oficiales. 
Se excluyeron escolares con discapacidad física, sensorial e 
intelectual; asimismo con enfermedades no transmisibles como 
diabetes mellitus de tipo 1 o 2, enfermedades cardiovasculares, 
autoinmunes, cáncer, estados de gestación y abuso evidente de 
alcohol y de sustancias psicoactivas. La exclusión efectiva se 
realizó a posteriori, sin conocimiento del participante, respetan-
do así su dignidad y confidencialidad.

Antes del estudio, se explicó detalladamente su contenido y 
se solicitó conformidad previa por escrito por parte de cada niño 
y/o adolescente y de su padre/madre o tutor, además del per-
miso otorgado por autoridades de las escuelas participantes en 
el estudio. El estudio FUPRECOL se llevó a cabo siguiendo las 
normas deontológicas reconocidas por la Declaración de Helsinki 
y la Resolución 008439 de 1993 del Ministerio de Salud de Co-
lombia que regula la investigación clínica en humanos. Además, 
el estudio contó con la aprobación del Comité de Investigación 
en Seres Humanos de la universidad encargada del estudio (UR 
n.o CEI-ABN026-000262). Previo a las mediciones y entrevistas, 
los investigadores y profesionales de la salud y del deporte reali-
zaron diez sesiones teórico-prácticas para estandarizar el proceso 
de evaluación del componente morfológico descrito previamente 
en la batería FUPRECOL-Health and Fitness (20). Para evaluar 
el estado nutricional, se midió el peso con balanza de piso TA-
NITA® modelo BF689 (Arlington Heights, IL 60005, USA), con 
resolución 0,100 kg. La estatura se determinó con estadiómetro 
portátil SECA 206® (Hamburgo, Alemania), rango 0-220 cm de 
1 mm de precisión. Con el objetivo de relacionar el peso con 
la estatura, se utilizó el índice de masa corporal (IMC). Se utili-
zó la fórmula propuesta por Quetelet [IMC = peso (kg)∕estatura 
(m)2]. Posteriormente, los participantes fueron clasificados en bajo 
peso (Z puntuación = -2) normopeso (Z puntuación > -2 la 1), 
sobrepeso (Z puntuación > 1 la < 2) y obeso (Z puntuación = 2), 
según los criterios de crecimiento y desarrollo propuestos por 
Cole y cols. (21).
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Para evaluar el cambio de comportamiento frente a la AF, 
los autores de la investigación elaboraron el cuestionario de 
cambio de comportamiento FUPRECOL (CCC-FUPRECOL), fun-
damentando en el MTT. El CCC-FUPRECOL, incluyó 5 módulos 
a seguir: 1) AF/ejercicio; 2) hábitos alimenticios: consumo de 
frutas y verduras; 3) consumo de drogas (por ejemplo bazuco, 
marihuana, cocaína); 4) consumo de tabaco, y 5) consumo 
de alcohol. Este instrumento previamente validado en escola-
res de Bogotá mostró a nivel global un α-cronbach de 0,72 
(rango 0,69 y 0,75) para los 5 módulos del CCC-FUPRECOL 
(datos sin publicar). En este trabajo, se presentan los resulta-
dos preliminares de la subescala “AF/ejercicio”, a partir de los 
criterios de Marcus y cols. (22), y Prochaska (14), previamente 
usado en la Encuesta Nacional de la Situación Nutricional de 
Salud (ENSIN-2005) (23), en cuatro etapas de cambio a seguir: 
(precontemplación; contemplación; preparación/acción y man-
tenimiento). Los cuestionarios se aplicaron a los escolares en 
grupos de 20 a 50 participantes, en salones para mantener la 
privacidad y libertad en la cumplimentación y con la presencia 
de, al menos, dos investigadores cualificados. Previo al diligen-
ciamiento de los cuestionarios y mediciones nutricionales, se 
dieron las pautas necesarias para su correcta cumplimentación, 
insistiendo en la necesidad de atención en la lectura de los 
ítems y en la sinceridad y anonimato a la hora de responder 
las encuestas.

El procesamiento y análisis de la información se realizó en 
el programa Statistical Package for Social Science® software, 
versión 22 (SPSS; Chicago, IL, USA). Las variables continuas se 
expresaron como promedios ± desviación estándar y las variables 
categóricas se describieron en frecuencias relativas expresadas 
en porcentajes. Para evaluar la asociación entre el estado nutri-
cional y la intensión de cambio de comportamiento frente a la 
AF en función al sexo y grupos de edad, se utilizó la prueba de 
Chi-cuadrado (χ2) de Pearson con corrección de yates.

RESULTADOS

En el estudio participaron 6.606 escolares (tasa de respuesta 
82,5%), de los cuales 58,3% eran niñas con un promedio de 
edad de 12,7 ± 2,3 años, peso 44,6 ± 12,3 kg, estatura 1,49 ± 
0,12 m e IMC de 19,5 ± 3,2 kg/m². Con respecto al comporta-
miento frente a la AF, se evidencio que el 5,3% se encontraba 
en etapa de precontemplación; el 31,8% en contemplación, el 
26,7% en preparación/acción y el 36,2% en etapa de mante-
nimiento. Al comparar por sexo, se identificó que los varones 
presentaban mayor porcentaje de respuesta en la etapa de man-
tenimiento; mientras que las mujeres se ubicaron en la etapa 
de contemplación. Adicionalmente, se encontraron diferencias 
estadísticamente significativas entre sexo en las etapas de con-
templación y mantenimiento (Fig. 1).

Al comparar por subgrupos de edad (niños de entre 9 y 12 años 
vs. adolescentes de entre 13 y 17 años) y sexo, se observa que la 
mayor parte de los varones se clasificaron en la etapa de manteni-
miento (46,9% vs. 40,5%), con diferencias significativas en las eta-
pas de preparación/acción y mantenimiento (Fig. 2 A). En el grupo 
de mujeres de entre 9 y 12 años, la mayor parte de las encuestadas 
manifestaron estar en la etapa de mantenimiento (39,4%), a dife-
rencia de las adolescentes (entre 13 y 17 años) que respondieron 
con mayor frecuencia encontrarse en la etapa de contemplación 
(44,0%). Además, se observan diferencias significativas entre las 
etapas de contemplación y mantenimiento (Fig. 2 B).

En la figura 3 se describen las etapas de cambio de compor-
tamiento en relación con el estado nutricional estimado con el 
IMC. El análisis bivariado muestra que los escolares ubicados en 
la etapa de precontemplación tienen significativamente mayor 
proporción de obesidad, mientras que la mayor frecuencia de 
escolares clasificados en la etapa de mantenimiento, se ubicaron 
en la categoría de normopeso (38,8%), seguido de bajo peso 
(38,3%) y riesgo de bajo peso (36,0%).

Figura 1. 

Distribución de las etapas de cambio de comportamiento en relación con la actividad física en niños y adolescentes de Bogotá, Colombia.

Diferencias con prueba de Chi-cuadrado.
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Figura 2. 

Distribución de las etapas de cambio de comportamiento entre niños (9 y 12 años) y adolescentes (13 y 17 años) y en función del sexo. Estudio FUPRECOL.

Panel A) Varones. Panel B) Mujeres. Diferencias con la prueba de prueba de Chi-cuadrado.

Figura 3. 

Etapas de cambio de comportamiento frente a la actividad física en función del índice de masa corporal en la población general. Estudio FUPRECOL.

Diferencias con prueba de prueba de Chi-cuadrado.
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DISCUSIÓN

Este estudio identificó la relación entre las etapas de cambio 
de comportamiento frente a la AF y el estado nutricional en es-
colares pertenecientes a escuelas oficiales de Bogotá, Colombia 
(estudio FUPRECOL). Se ha observado que un 36,2% de los 
escolares encuestados se ubicaron en mayor frecuencia en la 
etapa de mantenimiento, hallazgo similar al reportado en Espa-
ña, por Serra Puyal y cols. (24), donde el 44,6% de los niños y 
adolescentes se clasificaron en esta misma etapa. En esta línea, 
el trabajo realizado por Herazo-Betrán y cols. (25) en universita-
rios colombianos describió que los participantes clasificados en 
la etapas de precontemplación y preparación tenían un menor 
gasto energético semanal relacionado con la AF estimada con 
la versión corta IPAQ. Al comparar estos resultados en población 
adulta, Cabrera y cols. (26) describieron que el 34% de los adul-
tos se encontraron en etapa de mantenimiento, valor cercano 
al descrito en este informe (36,2%). Al interpretar el MTT con 
las directrices de autores como Marcus y cols. (22) y Nigg (15) 

se puede intuir, de manera hipotética, que una tercera parte de 
los niños y adolescentes acumulan al menos 60 minutos de AF 
de intensidad de moderada a vigorosa cada día y lo seguirán 
realizando por los próximos seis meses (27). Este resultado es 
cercano al reportado recientemente por Prieto-Benavides y cols. 
(19) quienes encontraron que el 36,9% de los escolares de tres 
colegios de Bogotá, Colombia, cumplían con las recomendacio-
nes de AF en la última semana. También es similar al descrito por 
Oviedo y cols. (28) (31,7%) en escolares de 14,3 ± 0,8 años de 
la provincia de Girona, España, y menor al reportado por Martínez 
y cols. (29) (71,1%) en 214 adolescentes de entre 13 y 16 años 
de la cuidad de Madrid, España. En jóvenes de 13 a 15 años, 

los resultados de la Encuesta Mundial de Salud Escolar y la En-
cuesta de Comportamientos en Salud en la Población Escolar (en 
inglés: Health Behavior in School Aged Children Survey-HBSC) 
(30) muestran una prevalencia de AF de 5 ciudades de Colombia 
del 15% (rango 12,1% a 17,1%). Nuestros resultados son su-
periores a los descritos en el Report Card de AF (31), en donde 
un 26% de la población alcanzó el mínimo de AF recomendada 
en el grupo de edad de entre 13 y 17 años.

Al diferenciar las etapas de cambio en función del sexo, se 
observa que la mayoría de las mujeres se ubica en la etapa de 
contemplación, sugiriendo así que las participantes conocen en 
parte los beneficios de la AF, pero no la practican de manera re-
gular. Estos resultados concuerdan con lo descrito recientemente 
en el estudio ISCOLE (en inglés: International Study of Childhood 
Obesity, Lifestyle and the Environment) (32), frente al cumplimien-
to de las recomendaciones de AF en una muestra representativa 
de 6.536 niños de entre 9 y 11 años provenientes de 12 países, 
incluyendo 857 escolares de Bogotá, Colombia. En este estudio 
las niñas escolarizadas alcanzaron 18 minutos y 68 minutos de 
AF vigorosa y moderada, respectivamente.

Al comparar los resultados de los escolares de Colombia con 
datos internacionales de países como Estados Unidos, Nueva 
Zelanda, España, México e Irán, encontramos en la dimensión 
“precontemplación” puntuaciones similares a las reportadas en 
escolares de Irán y, en menor medida, en Nueva Zelanda y Méxi-
co; mientras que en la dimensión “contemplación”, los escolares 
de Colombia mostraron valores superiores a los acusados por los 
niños y adolescentes de Estados Unidos, Nueva Zelanda, España, 
México e Irán. En las etapas de “preparación/acción y “mante-
nimiento”, se observaron menores valores que los escolares de 
Estados Unidos y España (Tabla I).

Tabla I. Comparación de las etapas de cambio comportamental frente a la actividad física 
entre niños y adolescentes de Bogotá, Colombia, y estudios internacionales

Referencia País Población
Muestra Rango 

de 
edad

Administración

Etapa de cambio 
(%)

Varones Mujeres P C P-A M

Nigg,
1998 (33)

Estados 
Unidos

Escuelas de secundaria 418 440 13-19 Autoadministrado 2,1 4,2 44,4 49,3

Prapavessis, 
2004 (34)

Nueva 
Zelanda

Escuelas de secundaria 2.121 1.851 14-19 Autoadministrado 6,2 8,7 60,0 25,0

Serra-Puyal, 
2011(24)

España
Educación secundaria 
obligatoria pública y 

privada
380 451 12-15 Autoadministrado 2,3 6,9 46,2 44,6

Escalante, 
2012 (35)

México
Escuelas primarias 

privadas
28 20 10 Autoadministrado 12,0 15,0 71,0 2,0

Sanaeinasab, 
2013 (36)

Irán
Escuelas secundarias 

públicas
610 941 12- 14 Autoadministrado 5,5 26,0 64,6 3,8

FUPRECOL, 
2015

Colombia Escuelas oficiales 3.850 2.756 9-17 Autoadministrado 5,3 31,8 26,7 37,2

P: precontemplación; C: contemplación; P-A: preparación/acción; M: mantenimiento.
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Las diferencias observadas en las etapas de cambio comporta-
mental frente a la AF entre niños y adolescentes de este estudio 
podrían deberse, en parte, a que en países de altos ingresos la 
práctica de la AF en niños y jóvenes es significativamente mayor 
entre la infancia y la adolescencia (37). De hecho, factores como 
el nivel socioeconómico, el ambiente físico, la educación de la 
madre, entre otros, han sido reconocidos como determinantes 
para tener un estilo de vida saludable (38) y en trabajos como los 
presentados por Sallis (39) se ha mostrado que intervenciones 
desde la escuela que incluyan activamente a la familia y a la 
comunidad en estos procesos garantizarían el refuerzo del com-
portamiento y generaría verdaderos cambios en la salud.

Frente a la relación entre el comportamiento de la AF y el 
estado nutricional fueron encontradas diferencias significativas, 
lo que refuerza la premisa de que la AF junto al peso saludable 
son dimensiones de la salud que inciden en la prevención de 
las enfermedades no transmisibles. Así, los escolares ubica-
dos en la etapa de precontemplación presentaron significati-
vamente proporciones importantes de obesidad y sobrepeso, 
mientras que una frecuencia de escolares clasificados en la 
etapa de mantenimiento se ubicaron en la categoría de normo-
peso (38,8%), seguido de bajo peso (38,3%) y riesgo de bajo 
peso (36,0%). Este hallazgo en congruente con la prevalencia 
del 30% de exceso de peso y obesidad de este trabajo. Sobre 
este aspecto, en varios informes (40,41) se ha descrito que la 
tendencia de exceso de peso infantil es similar en otros países, 
y posiblemente se atribuya a la disminución en los niveles sa-
ludables de AF, a los cambios en la alimentación y a la suma 
de otros factores ambientales y sociales que determinan que 
un escolar sea físicamente activo. Autores como Craggs y cols. 
(38) consideran cuatro niveles determinantes –fisiológico, psi-
cológico, sociocultural y ecológico– que influyen en la AF. Por 
ejemplo, los determinantes fisiológicos de la AF entre los niños 
y jóvenes incluyen edad, sexo y grupo étnico. Específicamente 
se ha encontrado que las niñas son menos activas que los 
niños, los niños mayores y los adolescentes menos activos que 
los niños más pequeños y las niñas afrodescendientes menos 
activas que las niñas blancas. La posible disparidad de sexo 
y nivel sociocultural puede ayudar a explicar, en parte, la alta 
prevalencia de no cumplimiento de las recomendaciones de AF 
observada en las niñas del presente estudio, y cuyo resultado 
puede ser una menor salud cardiovascular futura (42). No obs-
tante, se necesitan trabajos que incluyan las barreras percibidas 
de la AF, los determinantes ecológicos de la AF como el acceso 
a los espacios de juego, los establecimientos, la disponibili-
dad de equipos, la ingesta dietética, el tabaquismo y el estrato 
socioeconómico, para comprender la multitud de factores que 
pueden influir en los modelos de AF de los escolares evaluados. 
Asimismo, se ha descrito que menores niveles de condición 
física e incrementos de comportamientos sedentarios son parte 
de los factores determinantes del bienestar físico escolar (43). 
En el contexto de la pandemia de inactividad física y el exceso 
de peso, son factores que constituyen una prioridad en salud 
pública que debe ser abordada mediante la promoción de há-
bitos saludables, para lo cual se debe incluir en sus pilares 

el fomento de la AF y la reducción de los comportamientos 
sedentarios (43). Por ello, en 2011, en la reunión de alto nivel 
de enfermedades no transmisibles de las Naciones Unidas, se 
identificó la necesidad de incrementar la AF como una de las 
áreas de intervención prioritaria para reducir las enfermedades 
no transmisibles (44).

Como fortaleza de este trabajo cabe mencionar la utilización 
del instrumento (CCC-FUPRECOL) en su módulo AF/ejercicio, 
el cual fue validado para la población de escolares de Bogotá, 
Colombia (datos sin publicar). El poder contar una muestra po-
blacional numerosa de ambos sexos ofrece nuevas perspectivas 
acerca del cambio en el comportamiento hacia la AF y el estado 
nutricional de los escolares evaluados. Además de establecer 
una relación del comportamiento humano con una manifes-
tación biológica como es el estado nutricional, se resalta la 
importancia de este trabajo en la planificación y evaluación de 
estrategias efectivas en la prevención y control de la obesidad 
infantil, a partir de una base sociocognitiva como la descrita en 
este trabajo.

Las limitaciones del presente estudio son las inherentes 
a su carácter transversal, adicional a la existencia del sesgo 
de selección, limitando la participación de escolares de otras 
áreas geográficas de Bogotá, Colombia. Otra limitación es la 
relacionada con la utilización de un instrumento por autorre-
porte, que puede verse afectado por los prejuicios sociales 
o culturales. Sin embargo, este trabajo aplicó el instrumento 
CCC-FUPRECOL, el cual ha mostrado ser válido y fiable en la 
evaluación del comportamiento frente a los seis dominios de-
terminantes del estilo de vida relacionado con la salud –inclu-
yendo la AF–. No obstante, este trabajo aplicó la herramienta 
basada en la teoría del cambio conductual y los trabajos de 
Cardoso-Ricardo y cols. (45) y Prochaska (14) han indicado 
que el MTT predice efectivamente conductas y comportamien-
tos en salud en sujetos jóvenes. Otros marcadores de obesidad 
como la circunferencia abdominal, de cintura, o los niveles de 
adiposidad debieron ser evaluados como en estudios previos 
(7,18,19,42,43). Tampoco fue incluido el nivel socioeconómi-
co, las prácticas alimentarias, el consumo de grasas y/o de 
comida rápida, todos ellos, descritos como factores asocia-
dos a la seguridad alimentaria y a la presencia de exceso de 
peso en niños y adolescentes de ambos sexos (46). Tampoco 
estudiamos el nivel socioeconómico o el estado de madura-
ción sexual, ambos descritos en la percepción sobre la AF en 
escolares (34,39). No obstante, las limitaciones descritas en 
este trabajo no comprometen los resultados obtenidos en la 
población estudiada.

CONCLUSIÓN

Como conclusión podemos afirmar que se encontró una 
relación estadísticamente significativa entre la intención de 
realizar AF con el estado nutricional estimado con el IMC. 
Fomentar la promoción de la AF y monitorear el estado nu-
tricional deberán ser prioridades en las agendas y políticas 
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públicas dentro del ámbito escolar. Los autores sugieren que 
los programas nacionales y las futuras intervenciones tengan 
en cuenta las etapas de comportamiento frente a la AF con 
el fin de incrementar su adherencia e impacto dentro de los 
ambientes escolares. Se requieren estudios longitudinales y 
prospectivos para constatar los resultados obtenidos en este 
trabajo.
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Abstract
Introduction: Pregnancy and lactation are related with temporary decreases in maternal bone mineral density (BMD). Calcium supplementation 
could be benefi cial to prevent bone loss of maternal skeleton. Other nutrients, such as prebiotics have showed to produce an increase of the 
mineral absorption and therefore affecting bone mineralization.

Objective: To study the effect of maternal diet supplementation with prebiotic oligofructose-enriched inulin during gestation and lactation on the 
maternal bone mineral content (BMC) and BMD at the end of lactation.

Methods: Pregnant rats were fed with standard diet (CC group), calcium fortifi ed diet (Ca group) or with prebiotic oligofructose-enriched inulin 
supplemented diet until the end of the lactation period. At weaning, bone mineral content (BMC) and BMD were determined by dual-energy X-ray 
absorptiometry and the pH of the cecal content was also determined.

Results: In absolute terms, the highest BMD and BMC were found in the Pre group as compared with the other two groups being signifi cant in 
the tibia when compared Pre group and CC group with Ca group. The pH of the cecal content in the Pre group was also signifi cantly lower as 
compared with the other two groups.

Conclusion: Prebiotic oligofructose-enriched inulin supplementation, in calcium no-defi cient conditions, during gestation and lactation exerts a 
protection on maternal skeleton during pregnancy and lactation in the rats and could be considered as a plausible nutritional option for protecting 
maternal bone mass during these periods.

Resumen
Introducción: la gestación y lactancia están relacionadas con pérdidas temporales en la densidad mineral ósea (DMO) materna. Una suplemen-
tación con calcio podría resultar benefi ciosa para evitar la pérdida de masa ósea del esqueleto materno. Otros nutrientes como los prebióticos 
han sido identifi cados como responsables de un incremento en la absorción de minerales, pudiendo condicionar la mineralización ósea.

Objetivo: estudiar el efecto de la suplementación de la dieta materna con el prebiótico inulina enriquecida con oligofructosa, durante la gestación 
y la lactancia sobre el contenido mineral óseo (CMO) y la DMO al fi nal del periodo de lactancia.

Métodos: las ratas gestantes fueron alimentadas con dieta estándar (grupo CC), dieta fortifi cada en calcio (grupo Ca) o enriquecida con el 
prebiótico inulina enriquecida con oligofructosa (grupo Pre) hasta el fi nal del periodo de lactancia. Posteriormente se evaluó el CMO y DMO por 
absorciometría de rayos X (DEXA) y el pH del contenido cecal.

Resultados: en términos generales, el grupo Pre presenta los mayores valores absolutos de CMO y DMO de entre los tres grupos, siendo en 
la tibia signifi cativamente diferentes en los grupos CC y Pre frente al grupo Ca. El pH del contenido cecal del grupo Pre es signifi cativamente 
inferior al de los grupos CC y Ca.

Conclusión: la suplementación con inulina enriquecida con oligofructosa, en condiciones nutricionales no defi cientes en calcio, durante la 
gestación y la lactancia, ejerce una protección del esqueleto materno en las ratas y puede ser considerada como una estrategia nutricional para 
proteger la masa ósea materna en el periodo perinatal. 
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INTRODUCCIÓN

El efecto de la nutrición sobre la salud ósea ha sido demos-
trado ampliamente (1). Las células óseas responsables del 
mantenimiento, reparación y del depósito del tejido óseo son 
dependientes de la nutrición como las de cualquier otro tejido. 
Además, el esqueleto sirve como reserva de nutrientes, en 
especial de minerales como el calcio y el fósforo, dependiendo 
en parte del equilibrio diario entre su ingesta y su excreción 
(2). La dependencia del hueso con la nutrición se hace más 
patente en situaciones donde se requiere un mayor aporte de 
nutrientes como son el periodo de crecimiento o en la ges-
tación y la lactancia. En estos periodos el esqueleto materno 
desempeña un papel fundamental en el desarrollo del hueso 
de la descendencia. Durante el desarrollo fetal, el esqueleto 
materno provee del calcio requerido por el feto, principalmente 
durante el tercer trimestre, reduciéndose los depósitos mater-
nos de calcio conforme avanza la edad gestacional, ya que el 
feto acumula de 25 a 30 g de calcio durante este periodo. 
Más tarde, en el parto y durante la lactancia, provee del calcio 
necesario para la producción de la leche, ya que se transfie-
ren unos 250 mg de calcio por día para su producción (3-5) 
cubriendo así los requerimientos del neonato. Por este motivo 
durante la gestación y la lactancia se producen cambios muy 
significativos en el metabolismo mineral materno, principal-
mente del calcio, para poder satisfacer la alta demanda de 
este mineral que se genera durante estos periodos. Así, duran-
te la gestación la absorción intestinal de calcio se duplica y 
durante la lactancia la excreción renal se reduce, permitiendo 
la adaptación del metabolismo materno a las necesidades de 
este mineral (6).

También se ve significativamente aumentado el remodela-
do óseo durante el embarazo, principalmente durante el ter-
cer trimestre y coincidiendo con el incremento en la tasa de 
transferencia de calcio al feto (6). Así, tanto los marcadores 
de formación, como la fosfatasa alcalina específica de hueso, 
como los marcadores de resorción, como la fosfatasa ácida 
tartrato resistente y la deoxipiridinolina, se ven aumentados, lo 
que indica un incremento en el metabolismo óseo (7). Estudios 
en animales, en condiciones no deficientes, relacionan este 
incremento con una mayor densidad de masa ósea (DMO), que 
indica una mayor deposición de calcio en los huesos durante la 
gestación (8). Este incremento en la DMO de la madre podría 
servir para proteger al esqueleto materno de una excesiva 
desmineralización y fragilidad que se produce posteriormente, 
durante la lactancia. Sin embargo, los estudios en humanos 
muestran resultados contradictorios, seguramente debido a 
que, al evaluar la DMO antes y después del parto, los resultados 
pueden depender del tiempo transcurrido entre mediciones. En 
general los estudios así realizados indican una pérdida en las 
zonas trabeculares y una ganancia en las corticales, sobre todo 
en mujeres con ingestas no deficientes (9). Durante la lactación 
también se produce una adaptación del  metabolismo del calcio 
que se traduce en un incremento del metabolismo óseo y mine-
ral en la madre que le permite adaptarse a las necesidades de 

dicho mineral para la producción de la leche materna (6). En 
este periodo, los marcadores de resorción llegan a superar en 
2-3 veces los niveles alcanzados durante el tercer trimestre de 
embarazo, produciendo pérdidas superiores al 35% del hueso 
materno.

Durante la gestación y lactación, una ingesta deficiente de 
calcio está asociada con un incremento en la tasa de remode-
lado óseo materno, lo cual produciría un efecto negativo sobre 
el esqueleto materno. Es en estas condiciones cuando el uso 
de un suplemento de calcio sería beneficioso para evitar la pér-
dida de masa ósea del esqueleto materno, disminuyendo los 
marcadores de remodelado (10) y protegiendo el hueso de la 
descalcificación (11). 

Otra estrategia nutricional para favorecer la absorción de 
calcio de la dieta puede ser a través de la administración de 
prebióticos. Existen diferentes estudios que indican un posible 
efecto beneficioso de los prebióticos sobre la disponibilidad de 
los minerales y de algunos oligoelementos incluidos en los ali-
mentos, influyendo tanto en su absorción, su retención como en 
su uso por el organismo (12,13). De entre los prebióticos, los 
más estudiados son los derivados de la achicoria: la inulina y 
los fructooligosacáridos (FOS) (14), cuyo consumo está relacio-
nado con un incremento en la absorción del calcio y magnesio 
a través del aumento de la solubilización de sus sales y de su 
absorción (15).

OBJETIVO

Teniendo en cuenta estos antecedentes, el objetivo del pre-
sente estudio es estudiar el efecto de la suplementación de la 
dieta materna con inulina enriquecida con oligofructosa duran-
te la gestación y la lactancia sobre el contenido mineral óseo 
(CMO) y la DMO en las ratas tras la gestación y lactancia. Ade-
más, en el estudio, como un objetivo secundario, se ha incluido 
un grupo de animales alimentados con una dieta fortificada en 
calcio, por ser la recomendación actual para madres gestantes 
o lactantes.

MATERIAL Y MÉTODOS

ANIMALES

El presente estudio se ha realizado con 30 ratas hembras 
gestantes de la raza Sprague-Dawley de 15 semanas de edad, 
que se encontraban en el día 11 de gestación. Las ratas fue-
ron suministradas por los Laboratorios Charles Rives (Orleans 
Cedex, Francia).

Todos los procesos experimentales fueron aprobados por el 
Comité de Ética del Instituto en Formación de Nutrición Animal, 
IFNA (Estación Experimental del Zaidín, CSIC) y se llevaron a cabo 
siguiendo las directrices éticas y la legislación para la utilización 
de animales de experimentación establecidas en el Real Decreto 
1201/2005.
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DISEÑO DEL ESTUDIO

Tras la recepción, los animales fueron pesados y se dividieron 
aleatoriamente en 3 grupos de estudio (n = 10). Se alojaron indi-
vidualmente en jaulas adecuadas para la cría en una habitación 
termostatizada a 22 °C, con una humedad relativa del 50% y 
dotada de sistemas de iluminación y ventilación automáticos. La 
iluminación artificial permitía generar un ciclo de 12 horas de 
luz/12 horas de oscuridad. Los grupos experimentales se defi-
nieron teniendo en cuenta la dieta suministrada, cuya composi-
ción cumple con las normas internacionales de composición del 
American Institute of Nutrition (16) (Tabla I).

–  Grupo control (grupo CC), alimentado durante el experimen-
to con dieta estándar adecuada para el periodo perinatal 
(AIN93G) (16).

–  Grupo fortificado en calcio (grupo Ca), alimentado durante la 
gestación y lactancia con dieta AIN93G fortificada con 0,5% 
de carbonato cálcico, lo que resulta en una concentración 
final de ión Ca2+ de 1 g por 100 g de producto.

–  Grupo enriquecido con prebiótico (grupo Pre) alimentado 
durante la gestación y lactancia con dieta AIN93G con un 
7,5% de los carbohidratos totales como inulina enrique-
cida con fructooligosacáridos (FOS) (Synergy-1®, Orafti, 
Belgium). Este prebiótico es una mezcla 1:1 de fructooli-

gosacáridos con un grado medio de polimerización de 4, 
e inulina de alto rendimiento, con un grado medio de poli-
merización de 25.

Durante la gestación y la lactancia, las ratas tuvieron libre acce-
so a la comida y al agua desionizada (MilliQ). En estos periodos 
se realizaron controles de peso y de ingesta al menos durante 
dos veces por semana.

Tras el parto, las camadas fueron pesadas individualmente. 
Para estandarizar y minimizar las variaciones en la nutrición 
de las crías durante el periodo de lactancia y evitar efec-
tos de interacción madre-cría, las crías pertenecientes a un 
mismo grupo de alimentación se mezclaron y se asignaron 
aleatoriamente a las madres del grupo. Finalmente, las nuevas 
camadas se formaron con un total de 8 animales, 5 hembras 
y 3 machos. La intervención nutricional en las madres terminó 
con el destete de las crías que se produjo a los 23 días tras 
el nacimiento. 

Al final del periodo de lactancia las madres fueron sacri-
ficadas para la obtención de las muestras. Tras un periodo 
de ayuno de 12 horas, los animales fueron anestesiados vía 
intraperitoneal con pentobarbital sódico, 30 mg/kg de peso 
(Abbott Laboratories, North Chicago, IL, EE. UU.). Una vez 
anestesiados, se les realizó una incisión abdominal y se le 
extrajo sangre por punción cardiaca. Tras ser desangrados, 

Tabla I. Composición nutricional de las dietas ensayadas

AIN 93 G (Grupo CC) AIN93-G+Ca (Grupo Ca) AIN93G + Pre (Grupo Pre)

Grasa total (g/kg dieta)

 Aceite de soja 71,8 71,8 71,8

Proteína (g/kg dieta) 183,1 183,1 183,1

Hidratos de carbono (g/kg dieta) 661,6 661,6 661,6

 Celulosa 49,5 49,5 0

 Inulina enriquecida en FOS* 0 0 75,0

Minerales (/kg dieta)

 Ca (g) 5,25 10,5 5,25

 P (g) 3,15 3,15 3,15

 Mg (mg) 539,0 539,0 539,0

 Mn (mg) 15,0 15,0 15,0

 Zn (mg) 39,9 39,9 39,9

Vitaminas (/kg dieta)

 A (UI) 4.200 4.200 4.200

 D
3
 (UI) 1.200 1.200 1200

 E (UI) 90 90 90

 K
1
 (mg) 1,08 1,08 1,08

Energía (kcal/kg dieta) 3.880 3.880 3.840

*La fuente de prebiótico, inulina enriquecida con FOS, proviene de Orafti® Synergy 1 (Beneo, Alemania) y es una mezcla 1/1 de oligofructosa e inulina de alto 
rendimiento.
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se aisló el ciego y se recogió su contenido que fue congelado 
a -80 ºC para su posterior análisis del pH cecal. También se 
extrajo el fémur, la tibia y las vértebras lumbares para su 
medida densitométrica.

ANÁLISIS DEL pH EN EL CONTENIDO  
DEL CIEGO

El análisis del pH del contenido del ciego se realizó en una 
homogenización en agua desionizada (MilliQ). Para ello, 0,5 gra-
mos de contenido cecal se homogenizaron en 10 ml de agua y el 
pH de la disolución resultante se midió con un pHmetro standard 
de laboratorio (CRISON, Barcelona, España).

ANÁLISIS DENSITOMÉTRICO EX VIVO

Al final del destete, se realizó un análisis de la densidad 
mineral y contenido mineral óseo de las madres. Para el aná-
lisis del CMO y la DMO se utilizó el equipo de densitometría o 
absorciometría con rayos X de doble energía (dual energy X-ray 
absorptiometry, DEXA) pDEXA® (Norland corp., Fort Atkinson, 
WI, EE.UU.). Se midieron CMO y DMO de los huesos aislados, 
fémur, tibia y vértebras lumbares de las madres. El fémur fue 
analizado desde el cuello femoral hasta la inserción de la rodilla. 
El análisis de la tibia incluyó el peroné o fíbula y se realizó desde 
la rodilla hasta el tobillo. Por último, las vértebras se midieron 
desde el nivel inferior de la vértebra lumbar número 2 hasta la 
parte superior de la vértebra lumbar 5 (VL2-VL5). Para evitar 
posibles variaciones debido al uso del equipo y posterior análisis 
de las muestras, todas las medidas se realizaron por el mismo 
técnico especializado.

La medición por DEXA permite la discriminación de diferentes 
estructuras del organismo. Es una técnica utilizada habitualmente 
en la práctica clínica centrándose sobre la columna lumbar y la 
cadera que permite cuantificar la DMO. A partir de esos datos, se 
puede estimar el riesgo de fractura, tomar decisiones terapéuti-
cas, y evaluar la respuesta al tratamiento.

ANÁLISIS ESTADÍSTICO

Los datos se presentan como valor medio ± desviación 
estándar (DE). Para comprobar diferencias entre grupos atri-
buidas a la dieta en los diferentes parámetros, se realizó un 
análisis de la varianza ANOVA de una vía, seguido del test 
post hoc LSD protegido (protected least significant difference 
mean separation) de Fisher. A aquellos grupos que no mostra-
ron una distribución normal o igualdad de la varianza se les 
realizó el test de  Kruskal-Wallis. Las diferencias son conside-
radas significativas para todos los tratamientos estadísticos a 
un nivel de p < 0,05, mientras que diferencias significativas 
con valores de p entre el 0,05 y el 0,10 son definidas como 
tendencias. Todos los análisis se han efectuado con el sof-

tware estadístico Statgraphics Centurion XVI (Stat Point Inc., 
Herndon, Virginia, EE. UU.).

RESULTADOS

En términos de valores absolutos, en los tres huesos medidos, 
el fémur, la tibia y la vértebra, los valores de CMO y DMO son más 
bajos en las madres que recibieron la dieta fortificada con calcio 
frente a los de las madres de los grupos CC y Pre. Además, las 
madres alimentadas con la dieta suplementada con el prebióti-
co (inulina enriquecida con FOS) presentan los mayores valores 
absolutos en CMO y DMO de entre los tres grupos. La estadís-
tica solo muestra diferencias significativas en la tibia, donde los 
valores de CMO y DMO obtienen significación (p < 0,05) para los 
grupos CC y Pre al compararlos con los del grupo Ca (Tabla II).

El pH del contenido cecal procedente de las madres del grupo 
Pre (8,083 ± 0,656) es significativamente inferior al de los grupos 
CC (8,872 ± 0,252; p < 0,01) y Ca (8,558 ± 0,381; p < 0,05).

DISCUSIÓN

Durante la gestación y la lactancia se producen cambios en 
el metabolismo óseo y mineral materno para cubrir los requeri-
mientos de calcio de la descendencia. Así, los recién nacidos a 
término acumulan la mayoría del calcio (25-30 g) durante el tercer 
trimestre de la gestación. Posteriormente, durante la lactancia, la 
demanda de calcio procedente de la madre sigue siendo alta, ya 
que se pierden en torno a 250 mg de calcio al día debido a la 
producción de leche materna (17).

En este estudio, el esqueleto de las ratas madres alimentadas 
con una dieta no deficiente suplementada con inulina enriqueci-
da con fructooligosacáridos presenta una mayor protección frente 
a la osteopenia transitoria que se produce durante la gestación 
y la lactancia. Sin embargo, la fortificación con calcio de la dieta 
materna durante estos mismos periodos no produce ningún efec-
to protector en el esqueleto de las ratas madres no deficientes 
nutricionalmente.

El calcio es un nutriente esencial durante la gestación y la lac-
tancia. Es interesante subrayar que se considera que la mayoría 
de la población, y en especial las mujeres gestantes o lactantes, 
no consumen la cantidad de calcio recomendada, de 1.000 a 
1.200 mg/día, por lo que la suplementación con este mineral sería 
recomendable durante estos periodos. De hecho, la suplemen-
tación con calcio ha mostrado tener efectos beneficiosos tanto 
sobre el esqueleto materno como sobre el del feto (3). Además se 
le ha relacionado con otros efectos positivos, como la reducción 
del riesgo materno a tener hipertensión inducida por el embarazo, 
preeclampsia y otras complicaciones (18). Por otro lado hay que 
tener en cuenta que la mayoría de los estudios epidemiológicos 
han sido realizados en poblaciones que presentan una deficiencia 
en calcio, por lo que, como se menciona, una suplementación con 
este mineral puede ejercer un efecto positivo sobre la salud ósea 
(3). Sin embargo, no todos los estudios realizados en humanos 
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han mostrado un efecto positivo de la suplementación con calcio 
durante la gestación y la lactancia sobre la conservación y/o pro-
tección de la salud ósea. Así, en estudios recientes, se ha descrito 
cómo una suplementación con calcio en mujeres embarazadas 
con una gran deficiencia en este mineral produce una disminución 
en el CMO durante la lactación (19,20).

En nuestro estudio, las ratas madres pertenecientes al grupo 
Ca muestran los menores CMO y DMO cuando se comparan con 
los grupos CC y Pre. Esto indicaría que una fortificación de la dieta 
materna con calcio durante la gestación y la lactación no produce 
ninguna protección en la salud ósea de la madre en condiciones 
no deficientes. Al igual que en nuestro estudio, Shackelford et al. 
(21) en un estudio con ratas preñadas alimentadas con una dieta 
no deficiente, observó la interacción negativa entre la fortificación 
de la dieta con calcio durante la gestación y los niveles de otros 
minerales esenciales como el Fe, Zn, Mg y P (hierro, zinc, magne-
sio y fósforo) en diferentes tejidos. Estos resultados sugieren que 
una suplementación exclusiva con calcio durante la gestación y 
la lactancia puede no ser adecuada, puesto que podría generar 
una disfunción en el metabolismo de otros minerales esencia-
les que son importantes tanto para la salud materna como para 
el desarrollo de la cría. De hecho, algunos investigadores han 
sugerido que no solo debe considerarse al calcio como el único 
mineral que promueve la salud ósea, sino que puede deberse a 
un efecto sinérgico de todos los nutrientes que se encuentran en 
los alimentos ricos en calcio (22). 

Por otro lado, en nuestro estudio, la administración de inulina 
enriquecida en fructooligosacáridos genera un mayor efecto pro-
tector en los huesos de las ratas madres frente a la osteopenia 
transitoria asociada a la gestación y la lactación. A pesar de no 
ser significativamente diferentes, todos los huesos analizados de 

las madres pertenecientes al grupo Pre tienen unos valores, en 
términos absolutos, mayores de CMO y DMO que los huesos de 
las madres control. Hay que tener en cuenta que el análisis den-
sitométrico no diferencia entre hueso cortical y hueso  trabecular, 
por lo que las diferencias existentes pueden encontrarse enmas-
caradas al estar el hueso cortical menos afectado por la desmi-
neralización que el hueso trabecular. De hecho, en estudios en 
humanos con madres lactantes es el hueso trabecular el que se 
ve más afectado durante la lactancia, mostrando una caída en 
la CMO trabecular de las mujeres de entre el 3 y el 10% tras un 
periodo de 2 a 6 meses de lactancia (23). De igual modo, Zeni 
y cols. (24) encontraron que, en un modelo preclínico, la contri-
bución del esqueleto de la rata durante el periodo de lactación 
era mayor en las áreas con mayor contenido trabecular. En este 
estudio, la tibia proximal de las ratas madres al destete era la 
zona y el hueso más afectado por la desmineralización producida 
durante la lactación, llegando a tener una disminución de la DMO 
del 20% al compararlas con la misma zona de ratas no preñadas 
usadas como control. Sin embargo, no encontraron pérdidas sig-
nificativas en las áreas donde predomina el hueso cortical, como 
son la zona distal y media de la tibia. 

Uno de los posibles mecanismos de acción a través de los 
cuales los prebióticos pueden ejercer un efecto protector sobre 
el esqueleto materno es a través de la producción de los ácidos 
grasos de cadena corta (AGCC). Los AGCC son generados por la 
fermentación bacteriana en el lumen intestinal y los principales 
son el ácido butírico, el propiónico y el acético. Estos AGCC han 
demostrado tener influencia sobre la salud ósea a través de dife-
rentes mecanismos. Uno de estos mecanismos es generar una 
disminución en el pH del ciego, lo que favorece la disolución de 
las sales insolubles de calcio y magnesio, acelerando la difusión 

Tabla II. Resultados densitométricos (pDEXA) del contenido mineral óseo (CMO)  
y de la densidad mineral ósea (DMO) de las madres tras el sacrificio (final de la lactación)

AIN 93 G (Grupo CC) AIN93-G+Ca (Grupo Ca) AIN93G + Pre (Grupo Pre)

Fémur

 CMO (g) 0,3075 ± 0,0361 0,2813 ± 0,0385 0,3127 ± 0,0439

 DMO (g/cm2) 0,1532 ± 0,0121 0,1419 ± 0,0131 0,1585 ± 0,0172

Tibia

 CMO (g) 0,2394 ± 0,0196 0,2122 ± 0,0281CC 0,2407 ± 0,0289Ca

 DMO (g/cm2) 0,1229 ± 0,0059 0,1161 ± 0,0056CC 0,1258 ± 0,0096Ca

VL 2-5

 CMO (g) 0,3064 ± 0,0336 0,2815 ± 0,0539 0,3138 ± 0,0522

 DMO (g/cm2) 0,1473 ± 0,0091 0,1373 ± 0,0143 0,1500 ± 0,0124

Los valores están expresados como la media ± DE.
Grupo CC, grupo control; grupo Ca, grupo fortificado con calcio; grupo Pre, grupo suplementado con prebiótico (inulina enriquecida con FOS). Las diferencias 
estadísticas se han definido como p < 0,05. 
CC: significativamente diferente vs. el grupo control; Ca: significativamente diferente vs. el grupo Ca.
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pasiva y su absorción junto con la de los propios AGCC (25-27). 
Así, nuestros resultados muestran una disminución significativa 
en el pH del contenido cecal de las madres alimentadas con la 
dieta suplementada con el prebiótico, inulina enriquecida con 
fructooligosacáridos, comparado con el pH de los otros dos gru-
pos experimentales (CC y Ca).

En resumen, según los resultados obtenidos en nuestro estu-
dio con ratas, la suplementación de la dieta materna con inu-
lina enriquecida con fructooligosacáridos durante los periodos 
de gestación y lactación consigue proteger al hueso materno 
contra la pérdida producida por la respuesta del esqueleto ante 
la demanda de calcio generada por el feto para su desarro-
llo. Son diversos, y con resultados contradictorios, los estudios 
epidemiológicos que evalúan la relación entre la pérdida ósea 
durante estos periodos, principalmente durante la lactación, y 
la osteoporosis que se produce tras la menopausia. Así, mien-
tras que algunos estudios muestran un efecto beneficioso de 
la lactación sobre la DMO materna, otros muestran un impacto 
negativo (28-30). Además, se ha llegado a sugerir que la recu-
peración en la DMO materna no consigue alcanzar los niveles 
de DMO existentes antes del embarazo (4), por lo que es posi-
ble suponer que una prevención de la osteopenia asociada a 
la lactancia puede suponer un efecto positivo sobre el hueso 
materno, ayudando a retrasar e incluso a disminuir el riesgo de 
padecer osteoporosis en el futuro. Por otro lado, tenemos que 
tener en cuenta que cada vez se están teniendo embarazos a 
edades más tardías, lo que aproxima el fin de la recuperación 
ósea tras el periodo de lactancia al periodo perimenopáusico, 
dejando al esqueleto materno en una situación de debilidad, 
al no encontrarse totalmente recuperado para enfrentarse a 
la pérdida debida a la menopausia. Por lo tanto, una menor 
pérdida de hueso durante la gestación y la lactancia podría 
significar una mayor protección contra la osteoporosis asociada 
a la menopausia.

CONCLUSIÓN

Los resultados del estudio preclínico presentados nos permiten 
indicar que una suplementación con el prebiótico inulina enri-
quecida con FOS en condiciones no deficientes nutricionalmente 
durante la gestación y la lactancia, puede ser considerada como 
una estrategia nutricional para proteger la masa ósea materna 
frente a la pérdida de hueso transitoria que ocurre durante estos 
periodos. Los prebióticos generan ácidos grasos de cadena corta 
por la fermentación bacteriana en el lumen intestinal que han 
demostrado tener influencia sobre la salud ósea a través de la 
disminución en el pH del ciego, lo que favorece la disolución de 
las sales insolubles de calcio y magnesio, acelerando la difusión 
pasiva y su absorción junto con la de los propios ácidos grasos 
de cadena corta. Esta protección, inducida por la inulina enrique-
cida con FOS, ayudaría a la madre a tener una mayor densidad 
de masa ósea y reserva mineral para enfrentarse a la pérdida de 
masa ósea (osteoporosis) generada por la edad y los factores hor-
monales en la perimenopausia. Si bien son necesarios posteriores 

estudios clínicos, los resultados descritos en este manuscrito, 
basados en un estudio preclínico, identifican al prebiótico inulina 
enriquecida con FOS como un candidato a tener en cuenta a la 
hora de ayudar a mantener una correcta salud ósea durante la 
etapa materna.
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Resumen
Introducción: la mayor prevalencia de obesidad en la población infantil mexicana durante la última década incrementa el riesgo de presentar 
trastornos metabólicos y enfermedades cardiovasculares a edades cada vez más tempranas.

Objetivo: determinar la asociación entre Acantosis nigricans (AN) con dislipidemia, hipertensión arterial, índice de masa corporal (IMC) y conductas 
alimentarias de riesgo en niños con sobrepeso y obesidad.

Pacientes y métodos: estudio transversal analítico realizado en dos escuelas públicas de la zona metropolitana de la ciudad de México donde 
participaron 300 niños, de ambos sexos, obteniéndose información de los antecedentes heredofamiliares y perinatales. Con la exploración física 
se valoró la presencia o ausencia de AN y presión sanguínea. Se pesó y midió a los escolares, se calculó el IMC y se estimó su puntaje Z. Se 
cuantifi có la concentración sérica de glucosa, colesterol, triglicéridos y perfi l de lipoproteínas.

Resultados: la prevalencia de AN fue 41,7%, al determinar la asociación entre la AN y los factores de riesgo cardiovascular, se identifi có una 
asociación con el IMC (rS 0.432; p < 0.0001), entre las cifras de presión arterial sistólica y diastólica por encima del percentil 90 (rS 0.231; 
p < 0.0001) y (rS 0.128; p = 0,026) respectivamente, la hipertrigliceridemia (rS 0.156; p = 0.007), las bajas concentraciones de colesterol de 
lipoproteínas de alta densidad (cHDL) (rS -0,160; p = 0,006), así como la existencia de los trastornos de la conducta alimenticia; haber realizado 
dietas p = 0.004, ha perdido el control de lo que come p = 0,023 y cuando el porcentaje de grasa corporal fue superior al percentil 90, χ2 = 35.1; 
p = 0.0001, no se observó asociación con la concentración sérica de glucosa (rS -0.018; p = 0,759). En el análisis de regresión logística se 
observó que la presencia de AN mostró una asociación con las menores concentraciones de cHDL (RM: 1.726; p = 0,041) y con el porcentaje 
de grasa corporal (> 48%) (RM: 3.591; p = 0,001).

Conclusión: se observó una alta prevalencia de AN en niños con sobrepeso u obesidad y su asociación con factores de riesgo cardiovascular: 
puntaje Z del IMC, dislipidemia y las cifras tensionales elevadas.

Abstract
Introduction: The prevalence of obesity in Mexican children has increased during the last decade, as has the risk of early onset metabolic 
disorders and cardiovascular disease.

Objective: To determine the association of Acantosis nigricans (AN) with dyslipidemia, high blood pressure, body mass index (BMI), and risk 
factors related to eating behavior in overweight and obese children.

Patients and methods: This transverse analytical study, conducted in two Mexico City primary schools, included 300 boys and girls. Information 
was gathered on hereditary and perinatal background. A physical examination provided data on the presence/absence of AN, blood pressure, 
weight and height. The BMI and Z-score were calculated. The serum concentration of glucose, cholesterol and triglycerides was quantifi ed and 
the lipoprotein profi le determined.

Results: The prevalence of AN was 41.7%. An association was found between AN and risk factors for cardiovascular disease, including BMI 
(rS 0.432; p < 0.0001), systolic and diastolic blood pressure above the 90th percentile (rS 0.231, p < 0.0001; rS 0.128, p = 0.026; respectively), 
hypertriglyceridemia (rS 0.156; p = 0.007), and low levels of cHDL (rS -0.160; p = 0.006). AN was also associated with risk eating behavior, including 
dieting to lose weight (p = 0.004), losing control over eating (p = 0.023), and body fat percentage above the 90th percentile (χ2 = 35.1; p = 0.0001). 
No association was observed between AN and serum glucose concentration (rS -0.018; p = 0.759). Logistic regression analysis demonstrated an 
association of AN with a low concentration of cHDL (RM: 1.726; p = 0.041) and a high percentage of body fat (> 48%) (RM: 3.591; p = 0.001).

Conclusion: A high prevalence of AN was found in overweight and obese children. There was an association between AN and risk factors of 
cardiovascular disease, including Z-score, BMI, dyslipidemia, and high blood pressure.
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INTRODUCTION

Overweight and obesity are defined as an abnormal or exces-
sive accumulation of fat that implies a health risk. This phenom-
enon affects children as well as adults and is associated with the 
premature onset of chronic uninfectious diseases. In fact, some 
diseases before found only in adults, such as diabetes mellitus 
type 2 (DM-2) and high blood pressure, in some cases now appear 
very early in life (1,2).

Childhood obesity is one of the gravest public health problems 
of the 21st century, having become an emerging global epidemic 
that implies immediate and long-term effects. It is estimated that 
the percentage of obese children and adolescents has increased 
almost 50% in the last 20-30 years. In 2010 it was calculated that 
there were approximately 42 million overweight children in the 
world, of which about 35 million lived in developing countries. 
The Organization for Economic Cooperation and Development 
(OECD) classified Mexico as having the first place worldwide in 
overweight children (3).

This relatively recent, substantial increase in overweight and 
obese children does not bode well for the future, as these children 
have an eight-fold greater risk of remaining overweight or obese 
as adults. Indeed, 50% of children who are obese at 6 years of age 
and 80% of obese adolescents remain obese in adulthood (4,5). 
These children and adolescents also have a greater probabil-
ity of early onset metabolic disorders (e.g., dyslipidemia, insulin 
resistance, glucose intolerance and DM-2), some types of cancer, 
degenerative cardiovascular disease, dermatological/neurologic-
al/endocrine disorders, as well as alterations in the respiratory 
system, gastrointestinal tract and locomotor apparatus (6,7). All 
of these disorders involve, to a greater or lesser extent, a shorter 
life expectancy and a lower quality of life, and all are for the most 
part preventable (8). As can be seen, the importance of overweight 
and obesity go far beyond problems of self-image.

In Mexico the national prevalence of overweight and/or obese 
children in 2012 was estimated by the World Health Organization 
(WHO) to be 34.4% (19.8% for overweight and 11.8% for obesity), 
including 32% for Mexican girls (20.2% for overweight and 14.5% 
for obesity) and 36.9% for Mexican boys (19.5% for overweight 
and 17.4% for obesity) (9). This prevalence of obesity in Mexico 
is very similar to that of the United States and Chile. Furthermore, 
the rate of increase in childhood obesity in Mexico is greater than 
that seen in developed countries and other developing countries.

Generally, efforts to prevent and detect risk factors for chron-
ic degenerative diseases, such as hypertension and DM-2, are 
aimed at adults. Therefore, risk factors tend to be identified once 
the damage is already done. However, the underlying problems 
exist in obese children and adolescents, giving rise to a deleteri-
ous, progressive and systemic effect that begins as subtle and 
undetectable changes in individuals with a normal and asymp-
tomatic appearance (10). Hence, early detection of the presence 
and possibly the development of this series of disorders by non- 
invasive markers is of utmost importance to be able to intervene 
at an early stage in the population at risk and thus avoid greater 
complications later on (11).

In 2000, the American Diabetes Association established Acan-
tosis nigricans (AN) as one criteria for identifying children at risk 
for DM-2. The increased incidence of AN runs parallel with that of 
obesity. Moreover, the diagnosis of AN is clinical, being formed by 
symmetrical, hyperpigmented, hypertrophic and varicose plaques 
that are in some cases papilloma. These skin areas appear velvety 
in texture and brownish-black in color, and are most commonly 
found on the underarm, back of the neck, flexing points of the 
upper and lower limbs, the naval, groin, breast folds, face, as well 
as peribuccal and perianal regions. The most common areas to 
find these skin blotches is on the back or side of the neck. AN is 
reportedly heavily influenced by genetic factors, being frequently 
found with Hispanic, Afro-American and Indian people, and infre-
quently encountered with Caucasians. This dermatological condi-
tion is associated with insulin resistance and metabolic disorders, 
and is known to be a good predictor of hyperinsulinemia, which 
can lead to DM-2 (12-14).

The prevalence of AN varies according to ethnic origin, with an 
incidence of 13% in blacks, 5% in Hispanics, and less than 1% in 
Caucasians. Gender and age are not risk factors. In adolescents 
with more than 200% of normal body weight, the prevalence of 
AN is 66% (15). This skin condition is now common in young 
people, especially in populations with a high prevalence of DM-2. 
Hence, this clinical condition may constitute a simple, economical 
and non-invasive technique for detecting hyperinsulinemia and 
the propensity for DM-2 and/or metabolic syndrome, especially 
in children. Its simplicity and low cost make it ideal for detection 
of these disorders in low income or marginalized communities, 
advantageous in relation to the traditional test for glucose tol-
erance or the determination of postprandial glucose or serum 
insulin (15,16).

Eating habits are formed for biological, psychological and 
cultural reasons, and when these habits alter normal metab-
olism they can represent a risk factor for obesity. It has been 
documented that poor eating habits that lead to overweight and 
obesity in adolescents are related to eating while doing other 
activities, such as watching TV, playing computer games, doing 
homework and working, as well as with prolonged fasts and an 
obsessive preoccupation with getting fat. Although poor eating 
habits probably begin in childhood, they are more evident in 
adolescence (19,20).

In spite of the aforementioned evidence, few studies have 
considered the role of body weight in the development of AN, 
or the latter as an independent marker of insulin resistance in 
school-age children (5-11 years old). The increased incidence 
of AN in the pediatric age parallels the rise in obesity, endocrine 
pathologies, genetic syndromes, DM-2, dyslipidemia, polycystic 
ovary syndrome, hypertension, and insulin resistance, the latter 
not necessarily associated with obesity (16). Consequently, the 
increase in prevalence of overweight and obesity in Mexican 
children during the last two decades could possibly be related 
to the risk of a higher rates of insulin resistance and metabolic 
syndrome at an ever younger age. On the other hand, it should be 
pointed out that overweight and obesity have social and emotional 
implications that are immediate, affecting the quality of life of the 
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child or adolescent in question, independently of the effects on 
physical health.

The aim of the present study was to determine whether, in a 
group of Mexican school children that reside in Mexico City, AN 
is associated with the Z-score of the body mass index (BMI), dys-
lipidemia, waist circumference, blood pressure and/or risk factors 
related to eating behavior.

MATERIAL AND METHODS

This is a transversal analytical study carried out from October 
of 2012 to June of 2013, with the participation of the Regional 
General Hospital (Hospital General Regional #196 of the Instituto 
Mexicano de Seguro Social), the National Institute of Perinatology 
(Instituto Nacional de Perinatología de la Secretaría de Salud) and 
the Superior School of Medicine (Escuela Superior de Medicina 
del Instituto Politécnico Nacional). After receiving permission from 
the school authorities, all students of the fourth, fifth and sixth 
grades on the morning shift of two primary schools were invited 
to participate in the study. Exclusion criteria included any chronic 
disease or any child under medication.

SUBJECTS

Based on a table of random numbers, statistical sampling was 
carried out in order to obtain a subset of the total population with 
characteristics similar to those found in each school grade. For 
this purpose, we used a list of students enrolled in the two schools 
involved in the present study, with a substitution technique in case 
a selected student did not want to participate. The sample had 
the following distribution: 79 (4th grade), 110 (5th grade) and 111 
(6th grade), with 133 boys and 167 girls from 9-11 years old. 
Informed consent was obtained from the parents or tutor, with 
the informed approval of the participating child. The protocol was 
approved by the Ethics in Research Committee of the Instituto 
Mexicano del Seguro Social. A clinical history was recorded for 
each child, with emphasis on hereditary family background as well 
as prenatal and pathological information.

Medical personnel carried out a physical examination. A family 
doctor and a pediatrician evaluated the presence/absence of AN 
in five distinct anatomical regions: on the back of the neck, under-
arms, the internal flexing areas of the elbows and knees, and the 
naval. The children were then divided into those with and without 
AN (AN+ and AN-).

ANTHROPOMETRIC MEASUREMENTS

Evaluation of body weight (kg) was done with a portable digital 
scale (SECA, model 803, with precision of 100 g). Height meas-
urements (m) were made to 0.1 cm accuracy with a stadiometer 
(SECA, model 0123). Anthropometric measurements included the 
circumference of the waist and hip (cm), made with a medical tape 

measure (SECA, model 200), according to the criteria proposed by 
the WHO (17). The BMI was calculated with the Quetelet formula 
(weight in kilograms divided by the height in meters squared). The 
Z-score for age was also calculated according to the WHO stan-
dard, classifying the school children as normal (≤ 1) overweight 
(> 1 and ≤ 2) or obese (> 2). Z-scores were considered valid 
between -5.0 and +5.0.

Body fat was determined by measuring body perimeters by 
using a tape measure with 1 mm accuracy (Sanny medical). 
Measurement of fat folds was performed with a Vernier caliper 
(Harpenden). These non-invasive measurements were taken in the 
schools, averaging 4-5 minutes for each child. The protocols for 
these measurements were in accordance with the requirements 
of the International Society for the Advancement of Kinanthro-
pometry.

CLINICAL EVALUATION

Blood pressure was determined after at least 10 minutes of 
rest, using a sphygmomanometer, a cuff adequate for the children 
and their complexion, and a stethoscope (Riester). The method 
utilized was auscultatory, since the records obtained were evalu-
ated with the tables of the National High Blood Pressure Education 
Program. The pressure hoses used covered 2/3 of the arm, from 
the olecranon to the shoulder, and the inflatable cuff covered 
80% of the circumference of the arm. Measurements were made 
in the morning, with the child seated, leaning on the backrest of 
the chair, feet on the floor and the right arm extended. The sys-
tolic and diastolic blood pressure (SBP and DBP) were recorded, 
utilizing the Korotkoff phases I and V as a reference, respectively. 
The measurement was taken three times because generally the 
readings tend to stabilize by adaptation of the child to the method 
and the corresponding diminishment of his/her anxiety. The latter 
two readings were averaged for the final value. In case the blood 
pressure reading was elevated, the parents were informed and 
it was recommended that they visit their pediatrician or family 
doctor.

The tables of blood pressure of the National High Blood Pres-
sure Education Program were used as the criterion of classifica-
tion, adjusting the percentile according to height and gender. Con-
sequently, children with blood pressure below the 90th percentile 
of the standard were considered to have normal blood pressure, 
while those from the 90th to 94th percentile were classified as 
pre-hypertensive and those from the 95th percentile and above 
as hypertensive (18).

BIOCHEMICAL PROFILE

After a fast of 12 hours, with previous asepsis, blood samples 
were taken by venipuncture with the system of a Vacutainer vac-
uum. The tubes with blood were centrifuged for 10 min at 3,500 
rpm to obtain serum, which was stored in different aliquots at 
-70 °C to await processing. In these serum samples, the concen-
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tration of glucose (mg/dL), triglycerides (mg/dL) and cholesterol 
(mg/dL) was quantified with colorimetric enzymatic methods. 
cHDL (mg/dL) was evaluated by using a kit (HDL-Cholesterin/
cholesterol, Roche Diagnostics).

EVALUATION OF RISK FACTORS RELATED  
TO EATING BEHAVIOR

Risk factors related to eating behavior were determined with 
the diagnostic criteria for eating disorders proposed by the Diag-
nostic Manual and Statistics of Mental Disorders IV. The resulting 
values were evaluated with the scale validated by Unikel et al. in 
a Mexican population. The results of using this scale have shown a 
reliability, according to Cronback’s alpha, of 0.83 for women in 
Mexico City and 0.72 for women in the Mexico State (19).

This scale consists of 10 questions that evaluate the preoccu-
pation with getting fat and other risk factors related to eating 
behavior in the three months prior to the survey. The answers 
were based on four Likert-type options (never or almost never = 0, 
sometimes = 1, frequently but less than two times per week = 2, 
very frequently or more than 2 times per week = 3 points). The 
degree of risk was scored as follows: less than 7 was con-
sidered to be without risk, 7-10 as moderate risk and > 10 high 
risk (19,20).

SOCIOECONOMIC LEVEL

This factor was determined by an interview with one of the par-
ents or the tutor of each child, according to the standards of the 
Mexican Association of Market Research and Public Opinion (21). 
The interview consisted of 10 questions to establish scoring and 
overall classification in one of 6 levels of the standard of living: A/B = 
the highest, C+ = slightly above average, C = average, D+ = slight-
ly below average, D = low or austere, and E = the lowest.

STATISTICAL ANALYSIS

A descriptive analysis was performed, utilizing absolute and 
relative (percentages) frequencies as well as the mean and stan-
dard deviation of quantitative variables to determine statistical 
difference and to test the hypothesis. The Shapiro Wild test was 
used to determine normal distribution of the sample. The Spear-
man’s rank correlation for independent samples was employed 
to compare the groups. To evaluate the possible association 
between variables, the χ2 non-parametric test of independence 
was applied. For non-parametric correlations, multiple logistical 
regression analysis was used. For analysis of multiple regression, 
all variables of confusion or modifiers of effect were included. Sta-
tistical significance was considered with p < 0.05. The information 
was recorded in the Microsoft EXCEL program and analysis was 
carried out in the SPSS version 15 for the Windows statistical 
program.

ETHICAL ASPECTS

Data gathering and analysis was confidential, taking into account 
ethical questions related to autonomy, information and security. The 
findings of the present study were included in a pamphlet given to 
all participants. The aim of this pamphlet was to provide guidelines 
for good eating habits in order to help the parents to establish 
good nutrition for their children. The present study was carried out 
following the guidelines established by the Official Mexican Norm 
(NOM-043-SSA2-2005) of the Secretary of Health in Mexico (22).

RESULTS

Of the 300 school children that participated in the study, 55.7% 
(167) were girls and 44.3% (133) were boys. Regarding socio-
economic level, 18 (6%) corresponded to a low or austere stan-
dard of living, 160 (53.3%) to an average level and 122 (40.7%) to 
a level slightly above average. Weight classification of the children 
was determined with the Z-score of the BMI according to age and 
gender, as proposed by the WHO, finding a 39.7% prevalence of 
obesity (119), 18.7% (56) overweight, 40.3% (121) normal and 
1.3% (4) underweight. Overweight and obesity was more common 
among the girls (Table I).

The perinatal background of the children, according to infor-
mation gathered from the mothers, indicated that at the time 
of birth the average number of weeks of gestation (WOG) was 
38.4 ± 2.3%, with a weight of 3.183 ± 516 g, and a height of 
49 ± 4.3 cm. Exclusive breastfeeding lasted an average of 8.5 ± 
6.6 months, and for 20.7% (62) it lasted less than 3 months.

The average age of the mothers at the moment of the study was 
35.7 ± 5.6 years, while that of the fathers was 35.7 ± 11.4 years, 
with 62.7% (188/300) of the mothers and 67.5% of the fath-
ers having finished middle school. It was observed that 64.3% 
(193/300) of the mothers were overweight or obese and 71.2% 
(200/300) of the fathers, and that 36.7% (110/300) of both parents 
worked. Regarding the immediate family, there was a background 
for 53.3% (160/300) of the children of obesity, for 59.3% (178/300) 
of DM-2, and for 67.3% (202/300) of systemic high blood pressure.

Table I. Weight classification according to 
the Z-score of the BMI, considering age 

and gender

Weight 
classification

Boys
n = 133 (%)

Girls
n = 167 (%)

Total
n = 300 (%)

Underweight 1 (25.0) 3 (75.0) 4 (1.3)

Normal 52 (43.0) 69 (57.0) 121 (40.3)

Overweight 21 (37.5) 35 (62.5) 56 (18.7)

Obese 59 (49.6) 60 (50.4) 119 (39.7)

Total 133 (44.3) 167 (55.7) 300 (100.0)

χ2 = 3.08; p = 0.379.
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The average values of parameters for the children was the fol-
lowing: age, 10.1 ± 0.7 years; weight, 42.8 ± 10.9 kg; height, 
143 ± 8 cm; BMI, 20.5 ± 3.8 kg/m2; waist circumference, 68.8 ± 
10.6 cm; hip circumference, 81.1 ± 8.9 cm; serum glucose, 98.5 ± 
11.8 mg/dL; and serum cholesterol, 176.4 ± 48 mg/dL. There was 
glucose intolerance in 6 children and DM-2 in no children.

Regarding gender, there were no significant differences in any 
of the anthropometric, clinical or biochemical variables. Therefore, 
all of the children were included in the analysis of the association 
between variables, without carrying out stratification by gender.

AN was found in 41.7% (125) of the children, of which 37.6% 
(47/125) were overweight and 54.4% (68/125) obese. With a 
greater BMI there was a greater frequency of AN, while in the chil-
dren with normal weight for their height, no AN was found. The 
children with AN not only had a tendency to higher weight but also 
lower height compared to the children without AN (see Table II).

Blood pressure was above the 90th percentile in 10.8% of the 
children. This high level of blood pressure was found in 6.5% of 
the children with normal BMI, 9% of those overweight, and 21% 
of those with obesity.

Serum cholesterol concentration was similar in the children with 
and without AN, while triglyceride concentration was much higher 
and cHDL concentration lower in the children with AN (Table II).

There was an association between AN and the following behav-
ior: being preoccupied with getting fat (χ2 = 4.09; p = 0.043), 
dieting to lose weight (χ2 = 8.2; p = 0.004), losing control over 
eating (χ2 = 5.13; p=0.023), and a percentage of body fat above 
the 90th percentile (χ2 = 35.1; p = 0.0001) (Table III). No associ-
ation was observed between AN and the length of breastfeeding, 
the weight of the parents, if both parents were working, if the 
parents did regular exercise, or a family background of DM-2, 
hypertension or obesity.

Table II. Anthropometric, clinical and biochemical characteristics of the school children 
under study, both with and without Acantosis nigricans

Variables
Total

(mean ± SD)
With AN
n = 125

Without AN
n = 175

p

Age 10.1 ± 0.7 10.1 ± 0.7 10.06 ± 0.8 0.199

Anthropometric evaluation

 Weight (kg) 42.8 ± 10.9 48.1 ± 11.1 39.0 ± 9.2 < 0.0001

 Height (m) 1.43 ± 0.08 1.45 ± 0.08 1.41 ± 0.08 < 0.0001

 BMI (kg/m2) 20.5 ± 3.8 22.5 ± 3.7 19.2 ± 3.3 < 0.0001

 Waist circumference (cm) 69.0 ± 9.8 73.7 ± 9.9 65.7 ± 8.2 < 0.0001

 Hip circumference (cm) 81.1 ± 8.9 85.2 ± 8.6 78.2 ± 7.8 < 0.0001

 % of body fat 47.9 ± 10.0 52.3 ± 8.5 44.8 ± 9.9 < 0.0001

 % of body fat in girls 48.9 ± 9.1 52.3 ± 7.9 46.6 ± 9.3 < 0.0001

 % of body fat in boys 46.7 ± 10.9 52.3 ± 9.2 42.5 ± 10.3 < 0.0001

Blood pressure

 Blood pressure (mmHg) 81 ± 28 75 ± 12 0.013

 Systolic (mmHg) 97.6 ± 14.7 101.1 ± 14 95.1 ± 14 < 0.0001

 Diastolic (mmHg) 66.1 ± 12.3 67.8 ± 12 64.9 ± 12 0.044

Biochemical parameters

 Glucose (mg/dL) 98.5 ± 11.8 98.1 ± 11.4 98.8 ± 12.1 0.592

 Cholesterol (mg/dL) 176.4 ± 48.0 173.3 ± 46.9 178 ± 50.4 0.342

 Triglycerides (mg/dL) 118.3 ± 53.2 130.4 ± 57.8 110.2 ± 47.3 0.001

 cHDL (mg/dL) 58.9 ± 12.6 46.2 ± 10.6 50.9 ± 13.6 0.001

 cLDL (mg/dL) 103.8 ± 42.4 101.4 ± 40.9 105.7 ± 43.4 0.350

Table III. Association between the 
presence of Acantosis nigricans and risk 
factors in relation to eating behavior, n(%)

Risk factors

Acantosis nigricans

Yes
n = 125

No
n = 175

p

Preoccupation with getting 
fat

102 (34.0%) 125 (41.7%) 0.043

Dieting to lose weight 56 (18.7%) 50 (16.7%) 0.004

Losing control over eating 42 (14.0%) 38 (12.7%) 0.023
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There was an association between AN and the BMI (rS 0.432; 
p < 0.0001), systolic blood pressure (rS 0.231; p < 0.0001), dia-
stolic blood pressure (rS 0.128; p = 0.026), hypertriglyceridemia 
(rS 0.156; p = 0.007), and level of cHDL (rS -0.160; p = 0.006). 
No association was found between AN and the concentration of 
serum glucose (rS -0.018; p = 0.759) or low-density lipoprotein 
cholesterol (cLDL) (rS -0.042; p = 0.472) (Table IV).

The risk of having AN increased with a lower concentration of 
cHDL (RM: 1.726; p = 0.041) and a greater percentage of body 
fat (RM: 3.591; p = 0.001), according to calculations based on 
logistical regression (Table V).

DISCUSSION

Obesity is a public health problem that has currently become a 
worldwide epidemic. AN is now frequently found in children and 
adolescents, especially in populations with a high prevalence of 
obesity, insulin resistance and DM-2. Therefore, the present study 

explored the possible association of AN with the latter medical 
conditions, as well as the possibility of using AN as a marker so 
that family doctors and general practitioners can identify obesity 
in school children in a timely manner. This would allow for pre-
ventative measures to be implemented against the development 
of cardiovascular disease and DM-2 in overweight and obese 
children (23,24).

The incidence of AN in children has increased together with that 
of obesity and insulin resistance. For this reason, the American 
Diabetes Association has recommended the early detection of 
AN as a criterion for identifying children at risk for developing 
DM-2. The prevalence of AN in the present study was 41.7%, 
greater than that reported by Stoddart et al., who found 34.2% 
AN in a Cherokee Indian population (25). Meanwhile, Mukhtar 
et al. documented an 18.9% prevalence of AN in obese adoles-
cents in New Mexico (26), Nguyen et al. reported 25% of AN in 
overweight Afro-American children (27), and Stuart et al. found 
38% of AN in Native Americans (28). On the other hand, Thivel D 
and Maisonneuve B have reported the prevalence of AN to be as 
high as 68 and 69.9%, respectively, in obese children (29,30). 
These differences in prevalence of AN have been related to the 
proportion of overweight and obesity in the groups under study.

With the presence of AN associated with obesity, there are 
important alterations in the metabolism of lipids. A group of chil-
dren with AN in a previous study showed signs of greater risk for 
the development of atherosclerosis and cardiovascular disease 
(31). When comparing the children with and without AN in the 
present study, there was a lower serum concentration of cHDL 
(c-HDL 46 ± 10 vs. 50 ± 13 p = 0.001) and a higher serum 
concentration of triglycerides (129 ± 58 vs. 110 ± 47 p = 0.002). 
Numerous studies have demonstrated the association between 
the risk of developing cardiovascular disease and low serum 
concentrations of cHDL (32) as well as hypertriglyceridemia. The 
latter condition gives rise to changes in the composition of cLDL, 
favoring the appearance of phenotype B that is characterized by 
the presence of small cLDL, which is more susceptible to oxidation 
and therefore can lead to atherosclerosis (33,34).

One of the most relevant findings of the present study is the 
early age (10.1 ± 0.7 years) at which a group of children with 
obesity and AN were found to have hypertriglyceridemia as well 

Table V. Variables associated with the presence of Acantosis nigricans
Variable Beta RM IC 95% p

Losing control over eating 0.362 1.436 0.815-2.529 0.210

Dieting to control weight -0.282 0.754 0.442-1.288 0.310

Low concentration of cHDL 0.546 1.726 1.024-2.911 0.041

High level of body fat (> 48%) 1.279 3.591 2.011-6.414 0.001

High systolic blood pressure (> 100 mmHg) 0.442 1.558 0.899-2.691 0.114

High concentration of triglycerides (> 100 mg/dL) -0.140 0.607 0.510-1.482 0.607

Constant -1.403 0.246 0.001

The other variables were not significant in the model.

Table IV. Bivariate association between 
Acantosis nigricans and distinct risk 

factors (Spearman’s rank correlation)

Variable
Spearman’s rank 

correlation r
p

Weight 0.418 < 0.0001

Height 0.218 < 0.0001

BMI 0.432 < 0.0001

Waist circunference 0.429 < 0.0001

Systolic blood pressure 0.231 < 0.0001

Diastolic blood pressure 0.128 0.026

Glucose -0.018 0.759

Triglycerides 0.156 0.007

cHDL -0.160 0.006

cLDL -0.042 0.472
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as a reduced concentration of serum cHDL and a high concen-
tration of cLDL, which probably will favor the development of 
cardiovascular disease at a very early age. This observation is in 
agreement with Fishbein in the United States (35). Additionally, the 
alterations found in the profile of lipoproteins is also in accordance 
with Skhonthachit P et al. in Thai children (36) and with Boyd GS 
et al. (37), who both found a high prevalence of dyslipidemia in 
overweight and obese children and adolescents.

The existence of dyslipidemia is often reported in the many 
studies that have provided evidence of the association between 
obesity and the risk of cardiovascular disease. Within this con-
text, the greatest prevalence found has been hypertriglyceridemia. 
Almost 1 of 2 children in the present study presented concentra-
tions of triglycerides in the range considered as high risk, while 
1 of 3 children showed hypercholesterolemia and 1 of 4 mixed 
dyslipidemia. This fact should be alarming to the authorities in 
the area of public health due to the combination of obesity and 
an alteration in the profile of lipids in a significant percentage of 
children, leading to a high risk of cardiovascular and metabolic 
diseases at an early age (38). For this reason, children with obesity 
should be a target group for the implementation of measures 
aimed at diminishing the aforementioned metabolic alterations. 
Such measures should include the modification of eating habits 
and lifestyle (including more exercise) in order to attain a loss of 
weight. Additionally, there should be constant monitoring of the lip-
id profile in obese children and adolescents, especially if they have 
AN, as recommended by the American Heart Association (39).

On the other hand, there is a widely recognized relation between 
systemic high blood pressure and obesity caused by poor diet and 
lack of exercise. A greater percentage of obesity has been found 
among a population of hypertensive children and adolescents in 
Cuba. Furthermore, with a reduction in weight, blood pressure was 
normalized in this population. Nevertheless, there are few studies 
that take into account the relation between the degree of obesity, 
time of evolution, the age of appearance, and the distribution of 
body fat in obese and hypertensive children and adolescents.

Different studies have shown the relation of obesity in children/
adolescents with systemic high blood pressure, especially in those 
with a greater degree of obesity and lipid anomalies. The present 
study demonstrates higher blood pressure in children with obesity 
and AN than in children with normal weight. The greatest differ-
ence was found in systolic blood pressure, in accordance with the 
study by Dong B et al. on children and adolescents in China (40), 
by Chiolero A. on children of the Republic of Seychelles in Africa 
(41), by Moser on Brazilian children (42), and by Hoog who studied 
the association between blood pressure and BMI in children from 
different ethnic groups (43).

In the present study, 10.8% of the children had systolic or 
diastolic blood pressure above the 90th percentile, a figure slightly 
less than that reported by Bojórquez Díaz et al. (44), who detected 
high blood pressure in 12.7% of primary school children in the 
State of Sonora, Mexico. However, the figure from the present 
study is higher than the 7.6% reported by Salvadori et al. (45) in 
a study on rural children in Canada and the 4.2% of children from 
5 to 12 years old and 6% of adolescents from 13 to 18 years old 

found by Díaz (46) in a study in Argentina. Additionally, in Cuba 
Suárez Cobas et al. (47) reported a group of adolescents with 
high blood pressure above the 90th percentile, made up of 7.6% 
boys and 2.4% girls from 15 to 17 years old, while in the city of 
Merida, Venezuela, there were 6.3% of adolescents from 15 to 
17 years old (48) with this condition, and in Spain 1.7% of boys 
and the 3.05% of girls (49). Hence, the prevalence of obesity in 
the present study and a previous study in Mexico is higher than 
that found in children of Canada, Argentina, Venezuela and Spain. 
Due to the foreboding presence of high blood pressure at such 
an early age in Mexico, especially when found in overweight and 
obese children, an early detection of obesity and high blood pres-
sure is of great importance since these conditions increase the 
risk of health problems in adolescence and early adulthood (50).

On the other hand, the present study confirmed the positive 
and significant association of AN with obesity (percent of body fat) 
and dyslipidemia (low cHDL), based on the statistical analysis with 
the Spearman’s rank correlation and multiple logistical regression 
(RM: 3.591; p = 0.001, RM: 1.726; p = 0.041; respectively). This 
suggests that AN reflects the increase in obesity in Mexico, which 
is a risk factor for cardiovascular disease and is associated with 
dyslipidemia, high blood pressure and a greater risk of developing 
DM-2 (38,39).

Regarding risk factors in relation to eating behavior, the present 
study evidences the greater prevalence of AN among those that 
worry about getting fat, that had dieted to lose weight, and were 
not able to control what they eat, confirming a study on a group 
of adolescents (20). However, it should be stated that poor eating 
habits are often accompanied by an inadequate weight, including 
overweight and obesity, and that this is in turn associated with 
the alteration of hormones like insulin that are known to pro-
voke the development of AN (11). The only variables associated 
with AN in the present study were low cHDL and a high percent-
age of body fat.

In summary, the results of the present study highlight the high 
prevalence of AN in overweight and obese children, and its asso-
ciation with two risk factors for cardiovascular disease, the distri-
bution of body fat and dyslipidemia. This suggests that it is neces-
sary to take early preventative measures, such as carrying out a 
follow-up in relation to the high risk that these children will later 
develop DM-2, other metabolic disorders, and/or cardiovascular 
disease. Such measures would represent an improvement in the 
medical attention and quality of life for Mexican children.

One of the limitations of the present study is that the data do 
not come from a representative sample of all children of pri-
mary schools of Mexico. Nonetheless, the sample is made up of 
a homogeneous population in a certain age group. Another lim-
itation of this study was the fact that the serum concentration of 
insulin was not determined, and that information was not gathered 
in regard to the physical activity of the children.

These limitations could in part be overcome by carrying out a 
 follow-up prospective cohort study of this population to see if they 
indeed develop DM-2, atherosclerosis, and/or polycystic ovary syn-
drome. In spite of the limitations of the present study, one of the main 
contributions is the association found of AN with obesity, certain risk 
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factors for cardiovascular disease, and metabolic disorders in children, 
who are one of the most vulnerable groups of the world population.

CONCLUSION

Acantosis nigricans is easy to evaluate in a clinical setting. The 
present study found a high prevalence (41.7%) of AN in over-
weight and obese children. Certain variables were associated with 
the presence of AN, including a low concentration of cHDL, a high 
percentage of body fat, and high blood pressure, but not eating 
behavior disorders.
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Resumen
Introducción: adolescentes con síndrome de Down (SD) muestran alta tasa de sobrepeso y tienden a acumular gran cantidad de grasa en 
comparación con los adolescentes sin el síndrome.

Objetivo: estimar el punto de corte del índice de masa corporal (IMC) para el diagnóstico de obesidad en adolescentes con SD de acuerdo 
con las diferentes referencias para el IMC en relación con el porcentaje de grasa corporal (%GC) obtenido por el absorciometría con rayos X de 
doble energía (DXA).

Métodos: la muestra se compone de 34 adolescentes con SD (10 a 17 años). El IMC se evaluó de acuerdo con las referencias de la International 
Obesity Task Force (IOTF), Organización Mundial de la Salud (OMS) para la población general, y Myrelid et al. y Estyles et al. para personas con 
SD. El %GC fue evaluado por DXA y clasifi cado según NHANES (2011).

Resultados: los niños fueron signifi cativamente más altos que las niñas, y estas con mayor %GC que los niños. Todas las referencias que han 
utilizado el IMC se asociaron positivamente con el %GC medido por DXA en el diagnóstico de la obesidad. Utilizando la curva ROC en relación 
con %GC por DXA todas las referencias mostraron alta sensibilidad, pero el score-z del IMC por la OMS mostró mejor especifi cidad, con el valor 
de exactitud de 0,82 para el punto de corte por encima de 2,14.

Conclusiones: todas las referencias utilizadas para el diagnóstico de obesidad se asociaron con el %GC medido por DXA, y el punto de corte 
del score-z por encima de 2,14 por la OMS mostró mejor especifi cidad.

Abstract
Introduction: Adolescents with Down syndrome (DS) show high rate of overweight and tend to accumulate high amount of fat compared to the 
same people without the syndrome.

Objective: To estimate the cutoff point of the Body Mass Index (BMI) for the diagnosis of obesity in adolescents with DS according to different 
references for BMI in relation to the percentage of body fat (%BF) measured by dual-energy X-ray absorptiometry (DXA).

Methods: The sample was composed of 34 adolescents with DS (aged: 10 to 17 years old). BMI was evaluated according to the references of 
the International Obesity Task Force (IOTF), the World Health Organization (WHO) for the general population, and Myrelid et al. and Styles et al. 
for people with DS. The %BF was assessed by whole body DXA and classifi ed according to National Health And Nutrition Examination Survey 
(NHANES, 2011).

Results: The boys were signifi cantly taller than the girls and this %BF higher than boys. All references who have used BMI to assess obesity was 
positively associated with %BF measured by DXA in the diagnosis of obesity. Using the ROC curve in relation to %BF by DXA, all references showed 
high sensitivity, but the z-score of BMI by WHO showed better specifi city, with the value of the accuracy of 0.82 for the cutoff point above 2.14.

Conclusions: All the references used for the diagnosis of obesity were associated with %BF measured by DXA, and the cutoff point of z-scores 
above 2.14 by WHO showed better specifi city.
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INTRODUCTION

The life expectancy of the population with Down syndrome (DS) 
has been increasing over the last 40 years (1), but studies show 
a high rate of overweight in children and adolescents with DS 
(2,3). For some authors, children and adolescents with DS tend to 
accumulate high amount of fat (4) compared to the same people 
without the syndrome due to sedentarism (5), inadequate food that 
worsens over the years (6) and low physical fitness (7,8). Certain 
comorbidities commonly found in this population may aggravate or 
be aggravated by obesity, such as congenital heart defects (9,10), 
reduction of immunological function (11), obstructive sleep apnea 
(12), diabetes mellitus (13), among others.

To determine excess body fat in children and adolescents 
with DS, researchers have used some indirect and doubly 
indirect methods. Among these various techniques, absorp-
tiometry with dual energy X-ray absorptiometry (DXA) (14,15) 
and body mass index (BMI) (16,17) have been widely used to 
assess the nutritional state (2). Several graphic weight, height 
and BMI for specific DS were created (2,16-19), but so far 
there is no consensus for a standardization for both the tech-
nical procedures as for anthropometric parameters for this 
population (20).

The DXA is one of the most accurate and useful tools to assess 
body composition and determine the distribution of fat and is 
considered the gold standard for this purpose. It is an imaging 
procedure that allows the quantification of bone mass, muscle and 
fat, divided by body parts or the entire body (21,22).

Thus, the aim of this study was to estimate the BMI cutoff point 
for the diagnosis of obesity in adolescents with DS according to 
different references for BMI classification in relation to the per-
centage of body fat (%BF) measured by DXA.

MATERIALS AND METHODS

STUDY DESIGN AND PARTICIPANTS

A total sample of 34 adolescents with DS (aged 10 and 
17 years), 18 males (mean: 14.8 ± 2.1 years) and 16 females 
(mean: 13.7 ± 2.5 years). It is a cross-sectional descriptive study, 
conducted in 2013, two DS treatment referral centers located in 
the city of Campinas (São Paulo - Brazil). This study was approved 
by the Ethic Committees for Human Being Research of the School 
of Medical Sciences (FCM); University of Campinas (UNICAMP), 
and was conducted in accordance with the declaration of Helsinki 
for human studies – under number 783/2011, and only partic-
ipated in the study adolescents with written permission of their 
parents and/or guardians.

METHODS

Two techniques were used: to assess the nutritional status BMI 
and DXA for body composition.

ANTHROPOMETRY

To calculate BMI, weight and height of adolescents’ measure-
ments were made, according to standardized procedures (23). 
Weight was measured (kg) using portable digital scales to the 
nearest 0.1 kg. Height was measured (cm) using a vertical sta-
diometer to the nearest 0.1 cm. From those measurements, BMI 
was calculated using the formula (kg/m2). BMI values was ana-
lyzed according to data from the International Obesity Task Force 
(IOTF) (24) and the World Health Organization (WHO) (25) and con-
verted to standard deviation scores (z-score), according to each of 
these two international reference parameters. The adolescent was 
considered obese when he presented the z-score ≥ 2, for these 
two references. It was also rated the BMI according to the specific 
references to the DS structured by Myrelid et al. (16) and Styles 
et al. (17). As Myrelid et al. (16), the adolescent was considered 
obese when his BMI was ≥ 2 Standard Deviation (SD). While, 
according to Styles et al. (17), the adolescent was considered 
obese when his BMI was ≥ percentile 98 (P98).

BODY COMPOSITION ASSESSMENT

Body composition was analyzed using whole-body DXA equip-
ment (Lunar iDXA - GE Healthcare - USA). With regard to the %BF 
obtained by DXA, the adolescents was considered obese when the 
%BF was ≥ P90, according to the classification of the NHANES 
(26). To assess the frequency of obesity according to each BMI 
reference in relation to %BF estimated by DXA, the adolescents 
were classified into two groups, eutrophic (including normal and 
overweight) and obese.

STATISTICAL ANALYSIS

Data was presented as mean, variance, absolute and rela-
tive frequencies. For evaluation of variables according to sex 
the Mann-Whitney test. For comparing the frequency of obesity 
according to several references was used Fisher’s exact test. 
For the analysis of correlation between the diagnostic of obesity 
references the z-score of BMI by IOTF, by WHO in relation to %BF 
by DXA was employed by the Spearman correlation coefficient. 
Regarding the %BF by DXA, Receiver Operating Characteristic 
curves (ROC curves) were constructed to determine the cut-off 
weight and BMI of adolescents with DS for the diagnosis of 
obesity. For all statistical analysis was considered significant 
difference when p ≤ 0.05.

RESULTS

A total sample of 34 adolescents were evaluated, 18 males 
(52,9%) and 16 females (47,0%).

Table I shows the general characteristics of the 18 boys and 
16 girls with DS. There was no statistically significant difference 
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between genders for age, weight, BMI, BMI z-score of the IOTF 
and the WHO. A significant statistical difference only at the time, 
with higher values in boys, and %BF estimated by DXA, with high-
er values in girls.

All references evaluating BMI were associated with the %BF as-
sessed by DXA in the diagnosis of obesity in this sample (Table II).

The correlation between the %BF by DXA and BMI by several 
references was positive and significant, r = 0.61 with BMI (kg/m2) 
(p < 0.001), r = 0.68 with z-score of BMI by IOTF (p < 0.001) and 
r = 0.74 with BMI z-score by WHO (p < 0.001).

Using the ROC curve, in relation to the %BF by DXA, all pa-
rameters showed high sensitivity, but the z-score of BMI by WHO 

Table I. General characteristics of the sample of the 34 adolescents with Down syndrome

Variable
Males (n = 18) Females (n = 16)

Mean ± SD Variation Mean±SD Variation p*

Age (years) 14,8 ± 2,1 10,6-17,8 13,7 ± 2,5 10,0-17,4 0,198

Height (m) 1,49 ± 0,09 1,32-1,62 1,42 ± 0,06 1,33-1,54 0,010

Weight (kg) 57,9 ± 11,7 32,4-73,7 53,6 ± 13,0 35,5-83,3 0,211

BMI (kg/m2) 25,7 ± 4,5 18,6-32,7 26,3 ± 5,8 18,2-41,9 0,959

BMI IOTF (z-score) 1,68 ± 0,92 -0,01-2,99 1,81 ± 1,02 -0,59-3,41 0,721

BMI WHO (z-score) 1,67 ± 0,96 -0,40-3,12 1,77 ± 1,12 -0,85-3,57 0,670

BF DXA (%) 30,59 ± 9,4 13,8-48,8 41,92 ± 7,41 27,4-50,7 0,001

* Mann-Whitney test. BMI: body mass index; IOTF: International Obesity Task Force; WHO: World Health Organization; BF: Body fat; DXA: Dual energy X-ray 
absorptiometry; SD: standard deviation.

Table II. Obesity frequency of 34 adolescents with Down syndrome according to each 
BMI reference in relation to percentage body fat (%BF) by DXA

Variable
%BF (DXA)*

Obesity frequency (%) p**
Eutrophic Obesity

BMI IOTF
Eutrophic 18 3

0,001
Obesity 2 11 38,2%

BMI WHO
Eutrophic 14 0

0,001
Obesity 6 14 58,8%

BMI Styles et al.
Eutrophic 15 0

0,001
Obesity 5 14 55,9%

BMI Myrelid et al.
Eutrophic 17 5

0,005
Obesity 3 9 35,3%

%BF (DXA)
Eutrophic 20 -

Obesity - 14 41,2%

*NHANES, 2011; **Fisher’s exact test. BMI: body mass index; IOTF: International Obesity Task Force; WHO: World Health Organization; %BF: percentage body fat; DXA: 
Dual energy X-ray absorptiometry.

Table III. Parameters of the ROC curve for the diagnosis of obesity in 34 adolescents with 
Down syndrome

Variable AUC ± SE CI95% p Criterion Sen (%) Spe (%) Accuracy (%)

Weight (kg) 0,76 ± 0,08 0,60-0,92 0,010 > 49,5  92,86 55,00 68

BMI (kg/m2) 0,90 ± 0,05 0,80-1,00 0,000 > 26,26 92,86 80,00 79

Z-score IOTF 0,93 ± 0,04 0,84-1,00 0,000 > 2,11  100,00 75,00 85

Z-score WHO 0,93 ± 0,04 0,84-1,00 0,000 > 2,14  92,86 85,00 82

AUC: area under curve; SE: standard error; CI95%: confidence interval of 95%; Sen: sensitivity; Spe: specificity; BMI: body mass index; IOTF: International Obesity Task 
Force; WHO: World Health Organization; %BF: percentage body fat; DXA: dual energy X-ray absorptiometry.
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showed better specificity (85%) with an accuracy of the 82% for 
the cut-off point above 2.14 (Table III).

DISCUSSION

In the general population, the use of BMI to assess obesity has 
high association with %BF by DXA (27), as well as with the risk in 
long-term comorbidities (28). However, in people with DS, the use 
of BMI, due to short stature (4,18) and the tendency to high weight 
(27), could lead to error, overestimating the diagnosis of obesity. 
In addition, one should remember that BMI does not differentiate 
fat mass in lean body mass (29). Therefore, this study sought to 
estimate the cutoff point of BMI and to verify the accuracy of these 
BMI references both to the general population (WHO and IOTF) 
and for people with DS (16,17) in diagnose obesity in relation to 
%BF analyzed by DXA.

The sample of adolescents with DS (18 males and 16 females) 
were analyzed together for not presenting significant differences 
between the gender, beyond that already expected as the height 
and %BF. Considering that only adolescents were included in this 
study, stage of life where sex hormones determine the difference 
in height and body composition between men and women.

In DS, several studies have evaluated children, adolescents, youth 
and adults, through the BMI, which have detected high levels of obesi-
ty (3,14,30). Considering the results of this study in relation to obesity, 
it was found that obesity was present among 58.8% (20 of 34 cases) 
of the adolescents with DS, when used references from the WHO (25) 
for the z-score and BMI 38.2% (13 of 34 cases) by IOTF (24). When 
used specific indicators of BMI for DS, 35.3% (12 of 34) were obese 
as references to Myrelid et al. (16) and 55.9% (19 of 34) according 
to the classification of Styles et al. (17).

According to the %BF by DXA, obesity was present in 41.1% 
(14 of 34) of adolescents with DS, showing that references the 
WHO (25) and Styles et al. (17) overestimated the obesity diagno-
sis in this group of teenagers evaluated for %BF, while references 
to Myrelid et al. (16) and the IOTF (24) underestimated, despite 
all these references used present good association with the %BF 
by DXA. In accordance with a New Zealand study using bioim-
pedance to assess %BF by means of three equations, Loveday 
et al. (14) compared and validated the results in relation to the 
%BF obtained by DXA, in 70 cases of DS aged 5 to18 years 
and concluded that the bioelectrical impedance showed validity 
to measure the %BF (14).

Regarding the correlation of %BF by DXA with different BMI refer-
ences the general population (IOTF and WHO) in obesity assessment, 
the results of this study showed good correlation, the most significant 
correlation with the z-score of the BMI by WHO (r = 0.74). In accord-
ance with Bandini et al. (31) who evaluated the excess body fat in 
32 cases of DS, aged 13 and 21 years, through the BMI of National 
Center for Disease Control and Prevention (CDC) 2000, found mod-
erate correlation between BMI and %BF (r = 0.50). Already Hill et al. 
(32), assessed the resting energy expenditure and adiposity through 
the z-score for BMI, skin folds and DXA in 28 children with DS and 35 
in a control group without the syndrome, noted a strong correlation of 

the %BF obtained from measurements of skinfold thickness and DXA 
(r = 0.97) and concluded that skin folds can be used to estimate body 
fat instead of DXA, without leading to important errors, although there 
are not specific folds equations skin for people with DS.

In this study, despite the association of all references that 
evaluated the BMI with the %BF estimated by DXA for diagnosis 
of obesity in adolescents with DS, the cutoff point above 2.14 
assessed by the BMI of WHO (25) showed the best specificity 
(85%), with an accuracy of 82%. This result was similar to Bandini 
et al. (31) who observed the cutting bridge above the CDC 2000 
P95 with better sensitivity and specificity for the determination of 
excess body fat in relation to %BF obtained by the DXA. However, 
it is important to note that the absence of reference values   for 
the correct analysis of the cutoff points for BMI and DXA criteria 
for children and adolescents with DS hinder its exact applicability.

Considering the results of this study and others cited here for 
evaluation of %BF in children and adolescents with DS, it was 
found that, regardless of the methods used is high excess fat 
percentage and that there is a need to establish specific criteria 
and reference values for this population.

Limitations of this study were the sample size and the use of 
%BF obtained by the DXA in relation to the general population 
according NHANES (26).

We believe that the criteria that use the BMI (WHO and IOTF) for 
estimating obesity, as well as references based on specific curves 
for the population with DS are associated with %BF estimated by the 
DXA and concluded that the cutoff point of z-score above of 2.14 
of WHO presented the best specificity with an accuracy of 82%.
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Abstract
Introduction: Glycemic Index (GI) and glycemic load (GL) of natural dairy products fermented with lactobacilli may be useful for diabetic patients 
and the general population.

Objective: To measure the GI and GL in natural dairy products fermented with lactobacilli in sedentary individuals and athletes, and seeing if 
there is any difference between them.

Methods: The study was conducted in Mexico City (DF) according to the ISO26642:210, with a group of 10 sedentary individuals and 10 ath-
letes. The GI was determined in the following diary drinkable products, all adjusted to contain 25 g of carbohydrates: Soful, Yakult, Gastroprotect, 
BeneGastro, Bonacult, Lala Bio 4 and Skimmed milk with sucrose (SMS).

Results: The GI of most dairy fermented products were low for sedentary and athletes, but in athletes Yakult and Bonacult showed the highest GI 
and Yakult’s GI can be considered as medium for these group; these two dairy products had the lowest protein/carbohydrates ratio. SMS, which 
contain unfermented carbohydrates, had the highest GI in both groups. The GL of dairy fermented products was 4 to 7.6 and only Gastroprotect 
had statistically the lowest GL, it may be due to its low GI, even its serving size was not the least among dairy fermented products.

Conclusion: The GI and GL levels were relatively low for all the dairy products considered on each of the groups studied, therefore the moderate 
consumption of these can be recommended.

Resumen
Introducción: el índice glucémico (IG) y la carga glucémica (CG) de productos lácteos fermentados (PLF) con lactobacilos puede ser una reco-
mendación útil para pacientes diabéticos y para la población en general.

Objetivo: el objetivo del estudio fue medir el IG y la CG de PLF con lactobacilos en sujetos sedentarios y deportistas, y evaluar si existe diferencia 
entre ellos.

Métodos: el estudio se realizó en México (DF) de acuerdo con la ISO26642:210 (Organización Internacional de Normalización). Los participan-
tes fueron: 10 sedentarios y 10 deportistas. Los PLF analizados fueron: Soful, Yakult, Gastroprotect, BeneGastro, Bonacult, Lala Bio 4 y leche 
descremada con sacarosa (LDS) y la cantidad de alimento que ingirieron dependió de ajustar a 25 g los HC en la porción.

Resultados: el IG de la mayoría de los PLF fue bajo para ambos grupos de sujetos; en los deportistas los PLF Yakult y Bonacult presentaron los 
mayores IG y solo el Yakult puede considerarse como de IG medio para este grupo; estos dos PLF presentaron la menor relación de proteína/HC. 
La LDS, lácteo con los HC no fermentados, presentó un IG alto para ambos grupos. La CG de los PLF se encontró entre 4 a 7,6 y solo Gastropro-
tect presentó estadísticamente la menor CG, lo que pudo deberse a su bajo IG, aun cuando su tamaño de ración no fue la menor, entre los PLF.

Conclusión: en general los valores de IG y CG de los PLF fueron bajos para ambos grupos. Por tanto, su consumo puede recomendarse en forma 
moderada. El IG y CG entre productos lácteos con azúcares fermentados y con azúcares no fermentados fueron diferentes.
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INTRODUCCIÓN

La ingestión de alimentos con bajo IG es útil para las personas 
diabéticas, porque permite controlar su glucemia sanguínea (1) 
y en la población en general para prevenir o evitar la obesidad; 
también puede aplicarse al ámbito de los deportes (2), como 
herramienta en la nutrición deportiva, para mejorar la primera 
y segunda fase de recuperación del glucógeno, la carga del 
metabolismo durante el ejercicio e inclusive el control de la 
hipoglucemia.

La CG es un concepto más novedoso que no solo valora la 
rapidez con que los hidratos de carbono (HC) de un alimento se 
convierten en glucosa sanguínea, sino que también considera la 
cantidad de HC que tiene una ración del alimento (2), un alimento 
con CG alta tiene un valor de 20 o más. Si la CG va de 11 a 19 
es media. Los valores de CG por debajo de 10 son bajos. Se creó 
para representar el efecto glucémico global de una dieta donde 
se toma en cuenta el tamaño habitual de la ración (3).

El consumo de alimentos con IG bajo facilita la liberación de 
la glucosa en la sangre de manera uniforme durante el día (4), 
incrementa la oxidación de los lípidos y la producción de energía, 
con la consiguiente preservación y disponibilidad de fuentes de 
glucosa durante el ejercicio; mientras que los alimentos o bebi-
das con un IG elevado permiten reponer el glucógeno muscular 
después del ejercicio (5).

Estudios realizados sobre la nutrición de deportistas, practican-
tes de actividad física y modelación corporal, así como de aquellos 
que quieren conservar su peso por regulación de la alimentación, 
consideran que una dieta óptima es aquella que incluye glúcidos 
de bajo IG, porque a corto plazo se disminuye la sensación de 
hambre y a largo plazo se reduce la incidencia de la obesidad y 
enfermedades crónicas asociadas (6), como la aparición de la 
diabetes tardía y la cardiopatía coronaria (7), lo que posiblemente 
se deba a la limitación de la demanda de insulina y a que mejoran 
la concentración del colesterol sanguíneo; sin embargo, no se 
sabe si se debe al IG o a otros aspectos del alimento (8).

Diversas investigaciones han concluido que la leche fermen-
tada tiene efectos antihipertensivos, anticancerígenos y de re-
gulación del sistema inmune, y algunos lácteos fermentados 
poseen propiedades antiinflamatorias y antioxidantes (9). Por 
otra parte, la inclusión de lácteos fermentados en el desayuno 
ha probado bajar la glicemia postpandrial (10). De los productos 
estudiados, solamente Yakult presenta en su etiqueta el valor 
de IG de 38,8; sin embargo, en la literatura especializada se 
informa un valor de 46,6 (11), lo que demuestra que existe 
variación en los valores de IG publicados para alimentos con 
la misma descripción. Estas diferencias podrían atribuirse a la 
técnica analítica utilizada en la determinación y a las carac-
terísticas étnicas de la población participante en el estudio, 
entre otros. Actualmente, y con el objetivo de homogeneizar 
los criterios, para la obtención de valores de IG en alimentos, la 
FAO/WHO (12) y la Organización Internacional de Normalización 
(ISO) han establecido métodos analíticos para la obtención de 
valores de IG en alimentos; el más reciente es el descrito en la 
Norma ISO 26642 (13).

OBJETIVOS

El objetivo del presente trabajo fue medir el IG y calcular la CG 
de 6 productos lácteos fermentados, en sujetos sedentarios y 
deportistas sanos, así como establecer si existen diferencias en 
los valores de IG y CG entre los grupos de sujetos para el mismo 
producto lácteo; de igual manera, dentro de cada grupo se trató 
de determinar las diferencias entre el IG y CG de lácteos con azú-
cares fermentados versus lácteos con azúcares no fermentados.

MATERIALES Y MÉTODOS

La determinación del IG de todos los productos lácteos se reali-
zó de acuerdo con el método ISO26642:210 (13). Adicionalmente 
al procedimiento descrito en la norma, se consideraron los puntos 
que se detallan a continuación.

CARACTERÍSTICAS DE LOS SUJETOS  
Y CRITERIOS DE INCLUSIÓN

Un grupo de 10 sujetos sedentarios de 19 a 35 años de edad 
y 10 sujetos deportistas de 22 a 53 años de edad participaron en 
el estudio. En ambos grupos se estableció que los participantes 
no fueran diabéticos o tuvieran alguna enfermedad crónica y no 
estuvieran consumiendo medicamentos. Los sujetos deportistas 
seleccionados deberían practicar regularmente algún deporte, de 
preferencia en un centro deportivo.

El trabajo fue aprobado por el Comité de Ética del Instituto 
Nacional de Ciencias Médicas y Nutrición Salvador Zubirán. Los 
participantes leyeron y firmaron un consentimiento informado.

Los participantes tuvieron una entrevista con la nutrióloga, 
quien registró su peso y la talla, para lo que se utilizó un equipo 
marca Braunker. Adicionalmente se les proporcionó una dieta, de 
300 g/día en HC, indicándoles que no deberían consumir legumi-
nosas (frijoles, habas, chícharos), ni bebidas alcohólicas durante 
el tiempo que dura el estudio.

Las características físicas del grupo sedentario y deportistas 
se detallan en la tabla I.

CARACTERÍSTICAS Y PREPARACIÓN  
DE LOS ALIMENTOS LÁCTEOS

Los producto lácteos fermentados estudiados adquiridos 
en tiendas de autoservicio fueron: Soful, Yakult, Gastroprotect, 
 BeneGastro, Bonacult y Lala Bio 4. La Norma ISO, establece que 
se debe proporcionar al participante una cantidad de alimento 
que contenga 50 g de HC para realizar la prueba; sin embargo, 
permite utilizar, dependiendo del tamaño de la porción, una can-
tidad de alimento con 25 g, por lo que en este estudio a los par-
ticipantes se les presentó esta opción. Es importante mencionar 
que también se incluyó una muestra de leche descremada, la cual 
se preparó con una concentración similar de HC, proteína y grasa 
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cruda, a la que contienen, de promedio, los productos lácteos 
fermentados; para tal efecto a 200 ml de leche se le adicionaron 
70 ml de agua y 15 g de sacarosa.

En la tabla II se presenta la composición química de cada pro-
ducto lácteo y la cantidad de producto lácteo (CPL) con 25 g de HC.

DETERMINACIÓN DEL ÍNDICE GLUCÉMICO

Para el estándar de glucosa

El IG se determinó en los dos grupos con previo ayuno de 
12 horas. Después de tomar la muestra basal (tiempo 0) se les 

proporcionó el estándar de glucosa, 25 g de glucosa anhidra 
disuelta en 250 ml de agua. Se obtuvieron muestras de sangre 
capilar a los tiempos 0, 15, 30, 45, 60, 90 y 120 minutos por 
medio de punción en la yema del dedo con una lanceta automá-
tica. La sangre se recolectó en un capilar con heparina; poste-
riormente, la sangre recolectada en dos capilares se depositó en 
un tubo eppendorf de 0,5 ml para realizar la medición de glucosa 
sanguínea en un equipo Biochemistry Analyzer YSI 2700.

Se obtuvieron tres mediciones con el estándar de glucosa y se 
obtuvo el promedio; este valor se empleó como referencia para 
determinar el IG de los productos lácteos fermentados y la leche 
descremada.

Índice glucémico. Área bajo la curva de glucemia durante dos 
horas que se produce por el consumo de cierto alimento compa-
rado con el incremento que se produce al consumir un alimento 
de referencia como glucosa.

Para los alimentos lácteos fermentados  
y la leche descremada

La metodología para determinar el IG de los productos lácteos 
fermentados y la LDS fue igual a la que se aplicó para el estándar 
de glucosa. Es importante mencionar que a cada sujeto se le 
proporcionó un producto lácteo diferente por sesión, de forma 
aleatoria y de acuerdo con un diagrama de bloques.

DETERMINACIÓN DE LA CARGA GLUCÉMICA

Se basa en el concepto del índice glucémico y proporciona una 
medida de la respuesta glucémica total de una persona cuando 
ingiere un alimento o platillo.

IG =

Área bajo la curva de glicemia 2 horas  
depués de consumir el alimento

Área bajo la curva de glicemia 2 horas después de 
consumir 25 g de glucosa (estándar

x 100

Tabla I. Características físicas  
del grupo de sujetos sanos sedentarios 

y deportistas

Parámetros
Total

(n = 10)
Mujeres
 (n = 7)

Hombres
(n = 3)

Promedio ± DE

Sujetos sanos sedentarios

Edad (años) 22,6 ± 0,84 22,71 ± 0,95 22,3 ± 0,58

Peso (kg) 62,5 ± 9,47 59,29 ± 9,69 70,00 ± 1,00

Talla (m) 1,66 ± 0,06 1,63 ± 0,06 1,72 ± 0,03

IMC (kg/m2) 22,57 ± 1,92 22,06 ± 2,09 23,76 ± 0,65

Mujeres
(n = 2)

Hombres
(n = 8)

Sujetos sanos deportistas

Edad (años) 33,10 ± 9,6 27,00 ± 7,07 34,06 ± 9,90

Peso (kg) 69,90 ± 12,7 53,00 ± 8,40 74,1 ± 9,70

Talla (m) 1,60 ± 0,08 1,59 ± 0,02 1,70 ± 0,08

IMC (kg/m2) 25,50 ± 2,80 21,10 ± 3,96 25,60 ± 1,90

Tabla II. Composición química de los productos lácteos fermentados en g o mg/100 g*  
y cantidad de producto lácteo con 25 g de HC disponibles (CPL)

Nutrimento Soful Yakult Gastroprotect BeneGastro Bonacult Lala Bio 4 LDS+

(g / 100 g) o (mg / 100 g)

Proteínas g 2,80 1,20 2,90 1,90 1,20 2,70 2,29

Grasas  g 0,60 0,05 1,20 0,90 0,00 0,90 0,73

HC totales g 7,20 14,89 13,60 14,40 15,20 13,30 11,04

Sodio mg 46,00 15,20 60,00 34,60 19,90 43,00 39,18

Calcio mg 157,00 42,20 95,50 72,90 93,00 86,78

CPL g 347,00 168,00 184,00 174,00 165,00 188,00 226,43

* Cantidades que se obtuvieron con la información de la etiqueta comercial de cada producto lácteo fermentado.
+Composición aproximada de la leche descremada con sacarosa adicionada (LDS), que se obtuvo por cálculo, se consideró una densidad de la leche descremada de 
1,034 g/ml.
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Es el resultado de multiplicar el valor del IG por la cantidad en 
gramos de los HC en una ración de dicho alimento.

Se consideran valores altos de CG aquellos que sobrepasan 
el valor de 20; mientras que los de baja carga glucémica son 
aquellos cuyos valores son inferiores a 10.

CONTROL DE CALIDAD DE LAS MEDICIONES

Para que la curva patrón de glucosa sea válida, el coeficiente 
de variación entre las mediciones debe ser ≤ del 30%; si resulta 
mayor es posible eliminar una curva, pero si, aun así, es mayor o 
igual al 30% es necesario repetir la medición.

En este estudio se obtuvo el promedio y dos desviaciones es-
tándar (2DS) de las 10 mediciones realizadas a los productos 
lácteos y a la leche descremada, el resultado de cada sujeto se 
aceptó cuando se encontró dentro del intervalo de las 2DS; de lo 
contrario se repitió la determinación en dicho sujeto (13).

ANÁLISIS ESTADÍSTICO

Para determinar las diferencias en el IG y CG entre productos 
lácteos en el mismo grupo de sujetos, se realizó un ANOVA con 
una significancia de 0,05. En aquellos grupos que informaron 
diferencia se aplicó una prueba de comparación múltiple de Dun-
can. Para determinar diferencias entre grupos de sujetos para 
el mismo producto lácteo se utilizó una prueba t para muestras 
relacionadas con una significancia de 0,05.

RESULTADOS

En el grupo de los deportistas predominó el género masculino 
(Tabla I), lo que se atribuyó a que fue más fácil que los hombres 
aceptaran participar en el estudio, aunque tener un grupo con igual 
número de mujeres y hombres no fue prioridad en este estudio.

Los deportistas tenían en promedio 10,87 ± 9,11 años de 
entrenamiento con un tiempo de 8,12 ± 2,56 horas/semana. Por 
sesión realizaron 61,25 ± 27,13 minutos de ejercicio cardiovas-
cular y 39,37 ± 33,17 minutos de fuerza (con pesas); es decir, en 
promedio los sujetos deportistas estudiados tuvieron en promedio 
487 ± 153 min de entrenamiento por semana.

Los productos lácteos fermentados presentaron un IG bajo para 
ambos grupos (Tabla III); en el grupo sedentario no se observa-
ron diferencias estadísticas en el IG entre los productos lácteos 
fermentados estudiados; el valor promedio se encontró debajo 
de 55 (13); sin embargo, para los deportistas, el producto lácteo 
Yakult, con un IG de 59,98 que no puede considerarse de IG bajo, 
y Bonacult presentaron IG significativamente mayores. Lo anterior 
pudo deberse al menor contenido proteico y de grasa de estos 
lácteos con respecto a los demás lácteos fermentados (Tabla II).

CG =
IG * (g de HC en una ración)

100

Los IG de los productos lácteos fermentados entre grupos de 
sujetos no fueron estadísticamente diferentes y se puede decir 
que no hubo efecto en el IG por ser sujeto deportista o sedentario.

En la figura 1 se observa que la mayoría de los productos 
lácteos estudiados, a excepción del Yakult para los deportistas, 
pueden considerarse de IG bajo para ambas poblaciones. En los 
productos lácteos estudiados, el IG disminuyó en los productos 
con una mayor relación de proteína/HC, esta resultó de dividir 
el contenido de proteína entre el contenido de HC en 100 g de 
producto lácteo, situación que se cumplió para la mayoría de los 
productos lácteos estudiados. La excepción fue el producto lácteo 
Soful, ya que el IG obtenido para este producto lácteo, a pesar de 
que la relación proteína/HC es la mayor, no presentó un IG menor 
con relación a los demás productos estudiados.

Las líneas punteadas marcan los límites para establecer un alimento como de índice 
glicémico bajo, medio y alto.

80

60

IG
40

20

0,0 0,1 0,2

Relación proteina/HC

Bonacut

Yakult

Gastroprotect

Lala Bio 4

Gastro
Bene

Soful
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Deportistas

0,3 0,4
0

Tabla III. Índice glucémico (IG)  
de productos lácteos fermentados  

por grupo*

Producto 
lácteo

Sedentarios Deportistas
p

IG (promedio ± DS)

Soful 41,03 ± 14,66a 39,98 ± 16,76a 0,778

Yakult 44,88 ± 14,37a 59,98 ± 20,42b 0,072

Gastroprotect 27,36 ± 13,51a 32,03 ± 6,28a 0,564

BeneGastro 46,44 ±17,97a 43,26 ± 17,19a 0,482

Bonacult 41,87 ± 19,46a 48,57 ± 15,39b 0,929

Lala Bio 4 37,09 ± 17,02a 34,37 ± 9,28a 0,365

Leche 71,07 ± 30,28b 77,66 ± 23,76c 0,267

*La misma letra por columna indica que no hay diferencia significativa.

Figura 1. 

Índice glicémico de los productos lácteos fermentados respecto a su relación 
de proteína/HC.
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La LDS, producto lácteo que contenía los azúcares no fermen-
tados, tuvo un IG mayor que el de las leches fermentadas. Lo an-
terior permite establecer que la fermentación tiene efecto positivo 
y reduce el IG en los productos lácteos; también se debe conside-
rar que los HC contenidos en los productos lácteos fermentados 
no son libres, como en el caso de esta muestra considerada 
testigo. Es de interés mencionar que la LDS tuvo una relación de 
proteína/HC de 0,21 similar a la de Gastroprotect.

En la tabla IV se observa que la CG fue menor a 10 para todos 
los productos lácteos fermentados, valor que se encuentra en el 
intervalo de CG baja aun considerando su desviación estándar. 
Para el grupo sedentario BeneGastro obtuvo la CG mayor versus 
aquellos productos cuyo tamaño de ración se encontró cercana 
a los 100 g. En el grupo de deportistas Yakult presentó la CG 
mayor; lo que podría deberse al porcentaje de sólidos solubles 
en este lácteo o, más específicamente, al contenido de azúcares 
reductores; coincidentemente estos productos lácteos obtuvieron 
el mayor IG en sus respectivos grupos. La LDS obtuvo la mayor 
CG de los productos estudiados como era de esperarse, y Gastro-
protect presentó estadísticamente la menor CG en ambos grupos.

La CG entre los grupos de sujetos para un mismo lácteo no fue 
estadísticamente diferente, por lo que ser deportista o sedentario 
no determinó la CG de los productos lácteos.

DISCUSIÓN

La variación en el IG de un alimento puede deberse:
–  A la forma en que se toma la muestra de sangre, ya sea 

por medio de punción en la vena o sangre capilar. Algunos 
métodos de determinación de IG pueden incluir alguna de 
estas formas de obtención de sangre

–  Al uso de diferentes tablas de composición de alimentos 
para calcular la porción requerida de alimento a probar, o

–  Al método para calcular el área bajo la curva (11,14).
Estas fuentes de variación no se presentaron en este estudio, 

por lo que se deduce que la variación se puede deber al alimento, 
a la variación entre lotes de fabricación, o a las características 

de la población participante. En algunas investigaciones se hace 
referencia al cambio de materia prima y a diferentes condiciones 
de elaboración cuando se estudian productos similares de dife-
rentes fabricantes (11).

En el presente trabajo no se encontraron diferencias estadís-
ticas en el IG entre población sedentaria y deportista para los 
productos lácteos estudiados; sin embargo, Yakult se acercó a la 
significancia con una p = 0,072, lo que nos hace pensar que, si 
se incrementa el número de sujetos, la diferencia en el IG para 
este producto lácteo podría ser significativa. Al evaluar el IG de 
cereales para desayuno en estudios realizados por Mettler y col. 
(15,16) se encontró diferencia en el valor IG del alimento entre 
dos grupos de deportistas con diferente intensidad de entrena-
miento, 163 ± 55 y 659 ± 192 minutos/semana y sedentarios. 
El IG del cereal fue mayor en los sujetos sedentarios que en los 
deportistas, lo que se atribuyó al tiempo de entrenamiento; sin 
embargo Trompers y cols. (17), quienes determinaron el IG de 
una barra energética, no encontraron estas diferencias entre 
población sedentaria y deportista. Estos hallazgos nos llevaron 
a suponer que encontrar diferencias en el IG de un producto 
alimenticio entre estas poblaciones depende del alimento más 
que de una diferencia en el metabolismo de los hidratos de 
carbono de cada grupo.

Originalmente el IG se utilizó para el manejo de pacientes dia-
béticos en nutrición clínica. Posteriormente se ha ampliado su 
aplicación y puede ser útil en el diseño de las raciones alimen-
tarias del deportista. Las pruebas sugieren que el consumo de 
alimentos con IG elevado, previo al ejercicio puede ser perjudicial 
por la tendencia a producir durante el ejercicio hipoglicemia y re-
ducir la oxidación de lípidos versus la de los HC. Estas desventajas 
se pueden eliminar si se consumen altas concentraciones de HC 
de elevado IG durante el esfuerzo. Cuando se realizan ejercicios 
prolongados de moderada intensidad, el beneficio de consumir 
HC de alto IG se asocia a mantener la glucemia; mientras que 
durante ejercicios de baja intensidad, el consumo de HC de alto 
IG puede reducir la oxidación de las grasas, situación no deseable 
en sujetos que realizan ejercicio como medio de reducir su tejido 
adiposo. Posterior al ejercicio, el consumo de HC de IG alto ha 

Tabla IV. Carga glucémica (CG) de los productos lácteos por grupo*

Producto lácteo
Sedentarios Deportistas

p
Ración (g)+ CG (promedio ± DS)

Soful 213,00 6,29 ± 2,25b 6,13 ± 2,57b 0,778

Yakult 85,13 5,69 ± 1,82b 7,60 ± 2,59b 0,829

Gastroprotect 110,00 4,09 ± 2,02a 4,79 ± 0,94a 0,561

BeneGastro 100,00 6,69 ± 2,59b 6,23 ± 2,48b 0,482

Bonacult 75,20 4,79 ± 2,22b 5,55 ± 1,76b 0,928

Lala Bio 4 120,00 5,92 ± 2,72b 5,49 ± 1,48b 0,365

Leche descremada 240,00 17,48 ± 7,45c 19,10 ± 5,84c 0,267

*Misma letra por columna indica que no hay diferencia significativa.
+Cantidad de producto que se sugiere consumir o generalmente se consume en una ingestión, expresada en gramos.
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demostrado utilidad en acelerar la reposición de los depósitos de 
energía y reducir el catabolismo proteico (18).

Otros investigadores han establecido su influencia en la ho-
meostasis de la glucosa antes y durante el ejercicio y han de-
mostrado cómo el IG puede modular la respuesta fisiológica para 
mejorar el rendimiento durante el ejercicio (19,20).

Los resultados obtenidos en el IG de los productos lácteos fer-
mentados podrían atribuirse a la relación de proteína/HC, ya que 
esta relación tiene un mayor efecto de control glucémico que la 
relación grasa/HC (21). O’Connor y cols. (22) mencionan que 
productos lácteos fermentados se asociaron con un menor riesgo 
de diabetes porque el proceso de fermentación hidroliza a los 
HC y se forman disacáridos, polisacáridos y ácidos orgánicos, 
por lo que la biodisponibilidad de los HC disminuye. Mencionan 
también que existen otros mecanismos potenciales para explicar 
la relación de la disminución del riesgo de padecer diabetes de 
tipo 2 y el consumo de productos lácteos fermentados, como 
son la presencia de menaquinonas (vitamina K2) sintetizadas 
por el tejido animal, aunque también puede ser de origen mi-
crobiano. Unido a lo anterior, las bacterias probióticas presentes 
en los lácteos fermentados han demostrado mejorar el perfil 
lipídico y el estado antioxidante en individuos con diabetes de 
tipo 2 y tener efectos beneficiosos sobre las concentraciones 
de colesterol (22).

El resultado del IG obtenido para el producto lácteo Soful, que 
presentó la mayor relación de proteína/HC, se explica porque este 
producto fue probablemente adicionado con sacarosa, que es un 
HC de rápida absorción y la relación proteína/HC no influyó en el 
IG obtenido. Se han informado diferencias importantes en el valor 
del IG de los alimentos en función del tipo de azúcares, gomas, 
fibras o almidones que contienen (14,23,24); en el caso de las 
proteínas se ha comprobado que las proteínas lácteas tienen un 
efecto positivo en el control de peso, mejoran la sensibilidad de 
la insulina, el control glucémico y la dislipidemia, comportamien-
to que se relacionó con su significativo menor IG (25,26). Lo 
anterior sugiere que el Soful podría contener sólidos de leche o 
caseinatos, los cuales pueden modificar la relación de proteínas 
provenientes de la leche en el producto final y modificar su IG, 
situación que requiere estudiarse con más detalle. Otras inves-
tigaciones argumentan que los ácidos orgánicos en los lácteos 
fermentados tienen efecto glicémico e insulinémico (10); estos 
ácidos se forman durante la fermentación, lo que se debería a la 
cepa utilizada para la fermentación.

Las leches fermentadas en deportistas mejoran el metabo-
lismo de la glucosa y disminuyen el dolor muscular después 
del ejercicio intenso (9); sin embargo, no hay información de 
cómo se manifiesta esta respuesta con el IG o CG del producto 
lácteo. Una hipótesis sería que a menor IG o CG se mejora esta 
respuesta.

El conocer del IG y CG de los alimentos ayuda a comprender 
su efecto en la dieta y puede evitar que grandes cargas de 
glucosa circulen en la sangre (2). En la actualidad no existen 
estudios IG y CG en productos lácteos fermentados en los que 
concretamente hayan experimentado en sujetos sedentarios y 
deportistas.

CONCLUSIÓN

Existe diferencia significativa entre el IG de la leche adicionada 
con sacarosa y el IG de los productos lácteos fermentados con 
lactobacilos, diferencia que no se observó entre el grupo de par-
ticipantes sedentarios y el de deportistas. En general se obtuvo 
un bajo índice glucémico y carga glucémica para cada producto 
estudiado, en ambos grupos. Por tanto, es posible recomendar 
su consumo en forma moderada para personas sedentarias, de-
portistas y a la población en general. La relación de proteína/ 
HC influye en el IG de la mayoría de los PLF estudiados y las 
excepciones tendrían que estudiarse.

BIBLIOGRAFÍA

1. Goto M, Morita A, Goto A, et al. Dietary glycemic index and glycemic load 
in relation to HbA1c in Japanese obese adults: a cross-sectional analysis 
of the Saku Control Obesity Program. Nutr Metab (Lond) 2012;9(1):79. 
DOI:10.1186/1743-7075-9-79.

2. Franco-Mijares AC, Cardona-Pimentel G, Villegas-Canchola KP, Vázquez-Flo-
res AL, Jáuregui-Vega PI, Jaramillo-Barrón E. Sobre el índice glucémico y el 
ejercicio físico en la nutrición humana. El Resid 2013;8(3):89-96.

3. Wolever TM, Jenkins DJ, Jenkins AL, Josse RG. The glycemic index: metho-
dology and clinical implications. Am J Clin Nutr 1991;54(5):846-54.

4. Opperman M, Venter CS, Oosthuizen W, Thompson R, Vorster H. Meta-analy-
sis of the health effects of using the glycaemic index in meal-planning. Br J 
Nutr 2004;92(03):367-81. DOI:10.1079/BJN20041203.

5. Mondazzi L, Arcelli E. Glycemic Index in Sport Nutrition. J Am Coll Nutr 
2009;28(sup4):455S - 463S. DOI:10.1080/07315724.2009.10718112.

6. Hernández D, Arencibia R, Bosques JJ. Índice glicémico y carga glicémica en la 
alimentación del deportista. efdeportes.com 2010;144(15). http://www.efde-
portes.com/efd144/carga-glicemica-en-la-alimentacion-del-deportista.htm

7. Kelly S, Frost G, Whittaker V, Summerbell C. Low glycaemic index diets for 
coronary heart disease. Cochrane Database Syst. 2004;18(4):1-94. http://
onlinelibrary.wiley.com/doi/10.1002/14651858.CD004467.pub2/pdf/stan-
dard. Accessed November 26, 2014.

8. Siu P, Wong S. Use of the glycemic index: effects on feeding patterns and 
exercise performance. J Physiol Anthropol Appl Human Sci 2004;23:1-6. 
http://jlc.jst.go.jp/JST.JSTAGE/jpa/23.1?from=Google. Accessed November 
26, 2014.

9. Iwasa M, Aoi W, Mune K, et al. Fermented milk improves glucose meta-
bolism in exercise-induced muscle damage in young healthy men. Nutr J 
2013;12(1):83-90. DOI:10.1186/1475-2891-12-83.

10. Östman E, Liljeberg HG, Björck IME. Inconsistency between glycemic and 
insulinemic responses to regular and fermented milk products. Am J Clin Nutr 
2001;(74):96-100. http://ajcn.nutrition.org/content/74/1/96.short. Accessed 
November 11, 2014.

11. Foster-Powell K, HA Holt S, Brand-Miller JC. International table of glycemic 
index and glycemic load values: 2002. Am J Clin Nutr 2002;76(2):5-56. 
http://ajcn.nutrition.org/content/76/1/5.full. Accessed November 11, 2014.

12. FAO, WHO. FAO/WHO Carbohydrates in human nutrition. Report of a Joint 
FAO/WHO Expert consultation. 1998:1-122.

13. The International Organization for Standardization. ISO 26642:2010 Food 
products- Determination of the glyceamic index (GI) and recommendation 
for food classification; 2010.

14. Aston LM, Gambell JM, Lee DM, Bryant SP, Jebb S. Determination of the 
glycaemic index of various staple carbohydrate-rich foods in the UK diet. Eur 
J Clin Nutr 2008;62(2):279-85. DOI:10.1038/sj.ejcn.1602723.

15. Mettler S, Lamprecht-Rusca F, Stoffel-Kurt N, Wenk C, Colombani PC. The 
influence of the subjects’ training state on the glycemic index. Eur J Clin Nutr 
2007;61(1):19-24. DOI:10.1038/sj.ejcn.1602480.

16. Mettler S, Wenk C, Colombani PC. Influence of training status on glyce-
mic index. Int J Vitam Nutr Res 2006;76(1):39-44. DOI:10.1024/0300-
9831.76.1.39.

17. Trompers W, Perry TL, Rose MC, Rehrer NJ. Glycemic and insulinemic res-
ponse to selected snack bars in trained versus sedentary individuals. Int J 
Sport Nutr Exerc Metab 2010;20(1):27-33.



1101DETERMINACIÓN DEL ÍNDICE GLUCÉMICO Y LA CARGA GLUCÉMICA DE PRODUCTOS LÁCTEOS FERMENTADOS EN 
SUJETOS ADULTOS SANOS, SEDENTARIOS Y DEPORTISTAS

[Nutr Hosp 2016;33(5):1095-1101]

18. MacMillan N. Utilidad del Índice Glicémico en Nutrición Deportiva. Rev Chil 
Nutr. 2002;29(2):92-97. http://www.scielo.cl/scielo.php?script=sci_arttex-
t&pid=S0717-75182002000200003. Accessed November 26, 2014.

19. Wright HH. The glycaemic index and sports nutrition. SAJCN 2005;18(3): 
222-8.

20. Marcelo Fernández J, Miranda López J, Pérez Jiménez F. Índice glucémico y 
ejercicio físico. Rev Andaluza Med del Deport 2008;1(3):116-24.

21. Panahi S, El Khoury D, Kubant R, et al. Mechanism of action of whole milk and 
its components on glycemic control in healthy young men. J Nutr Biochem 
2014;25(11):1124-31. DOI:10.1016/j.jnutbio.2014.07.002.

22. O’Connor LM, Lentjes MH, Luben RN, Khaw KT, Wareham NJ, Forouhi NG. 
Dietary dairy product intake and incident type 2 diabetes: A prospective study 
using dietary data from a 7-day food diary. Diabetologia 2014;57(5):909-17. 
DOI:10.1007/s00125-014-3176-1.

23. Marco MsA, Douglas Goff MsH, Kisch PJA, Coulson MsA, Wright PAJ. Effects 
of soy-soluble fiber and flaxseed gum on the glycemic and insulinemic res-

ponses to glucose solutions and dairy products in healthy adult males. J Am 
Coll Nutr 2013;32(2):98-110. DOI:10.1080/07315724.2013.767579.

24. Torres NT, Palacios-González B, Noriega-López L, Tovar-Palacio AR. Índi-
ce glicémico, Índice insulinémico y carga glicémica de bebidas de soya 
con un contenido bajo y alto en hidratos de carbono. Rev Investig Clin 
2006;58:487-97.

25. Shlisky JD, Durward CM, Zack MK, Gugger CK, Campbell JK, Nickols-Ri-
chardson SM. An energy-reduced dietary pattern, including moderate pro-
tein and increased nonfat dairy intake combined with walking promotes 
beneficial body composition and metabolic changes in women with excess 
adiposity: a randomized comparative trial. Food Sci Nutr 2015;3(5):376-93. 
DOI:10.1002/fsn3.231.

26. Parker B, Noakes M, Luscombe N, Clifton P. Effect of a high-protein, high-mo-
nounsaturated fat weight loss diet on glycemic control and lipid levels in 
type 2 diabetes. Diabetes Care 2002;25(3):425-430. DOI:10.2337/diaca-
re.25.3.425.



Nutrición
Hospitalaria

Nutr Hosp. 2016; 33(5):1102-1107 ISSN 0212-1611 - CODEN NUHOEQ S.V.R. 318

Trabajo Original Obesidad y síndrome metabólico 

Received: 17/03/2016
Accepted: 08/04/2016

Correspondence: 
Daniel Antonio de Luis. Department of Endocrinology 
and Nutrition. Institute of Endocrinology and Nutrition. 
Medicine School. Universidad de Valladolid. Avda. 
Ramón y Cajal, 7. 47002 Valladolid, Spain
e-mail: dadluis@yahoo.es

De Luis DA, Aller R, Izaola O, Primo D, Romero E. Association of the rs9939609 gene variant in FTO with 
insulin resistance, cardiovascular risk factor and serum adipokine levels in obese patients. Nutr Hosp 
2016;33:1102-1107

DOI: http://dx.doi.org/10.20960/nh.573

Association of the rs9939609 gene variant in FTO with insulin resistance, 
cardiovascular risk factor and serum adipokine levels in obese patients
Asociación del polimorfi smo rs9939609 en el gen FTO con la resistencia a la insulina, factores de 
riesgo cardiovascular y niveles de adipocitoquinas en pacientes obesos

Daniel Antonio de Luis, Rocío Aller, Olatz Izaola, David Primo and E. Romero

Centro de Investigación de Endocrinología y Nutrición. Medicine School. Universidad de Valladolid. Valladolid, Spain. Department of Endocrinology and Nutrition. Hospital 
Clínico Universitario de Valladolid. Valladolid, Spain 

Key words: 

Adipocytokines. 
Cardiovascular 
risk factors. Insulin 
resistance to 
rs9939609 gene 
variant. Obesity.

Palabras clave: 

Adipocitoquinas. 
Factores de riesgo 
cardiovascular. 
Resistencia a 
rs9939609. 
Obesidad.

Resumen
Introducción: el objetivo de nuestro estudio fue analizar la relación del polimorfi smo rs9939609 del gen FTO con la resistencia a la insulina y 
los niveles de adipocitoquinas séricas.

Material y métodos: se analizó una población de 610 pacientes con obesidad en un diseño transversal. Se registraron los valores de peso, 
presión arterial, glucosa basal, proteína C-reactiva (PCR), insulina, resistencia a la insulina (HOMA), perfi l lipídico y adipocitoquinas (leptina, 
adiponectina, resistina, TNF alfa y la interleucina 6).

Resultados: los niveles de insulina circulante (104,5 + /l vs. / L 112.1 ± 74,3 pmol 61,5 pmol 122,2 ± 101,8 pmol/l vs.: p < 0,05) y HOMA-IR 
(4,76 ± 4,4 vs. 3,71 + 2,5 vs. 3,76 ± 3,1; p < 0,05) fueron mayores en el grupo TT que en el grupo AT+ AA. Los valores de triglicéridos fueron 
mayores en el grupo TT que AA (1,42 ± 0,71 mmol/l vs. 1,39 + 0,69 mmol/l vs. 1,23 ± 0,64 mmol/l; p < 0,05). Los niveles de adiponectina fueron 
menores en el grupo con genotipo TT que en el grupo con genotipo AA (35.801,2 ± 35.912,3 ng/l vs. 26.718,1 ± 36.323,1 ng/l vs. 21.112,3 ± 
25.623,1 ng/l p < 0,05).

Conclusión: el polimorfi smo del gen FTO, rs9939609, está asociado con los niveles de resistencia a la insulina, insulina, triglicéridos y de 
adiponectina en pacientes obesos con variante TT.

Abstract
Introduction: The aim of our study was to analyze the relationship of the rs9939609 FTO gene polymorphism with insulin resistance and serum 
adipokine levels.

Material and methods: A population of 610 patients with obesity was analyzed in a cross sectional design. Weight, blood pressure, basal 
glucose, c-reactive protein (CRP), insulin, insulin resistance (HOMA), lipid profi le and adipocytokines (leptin, adiponectin, resistin, TNF alpha, and 
interleukin 6) levels were measured.

Results: Insulin (122.2 ± 101.8 pmol/L vs. 104.5 ± 61.5 pmol/L vs. 112.1 ± 74.3 pmol/L: p < 0.05) and HOMA-IR values (4.76 ± 4.4 vs. 
3.71 ± 2.5 vs. 3.76 ± 3.1; p < 0.05) were higher in TT group than AT and AA groups. Triglycerides values were higher in TT group than AA group 
(1.42 ± 0.71 mmol/L vs. 1.39 ± 0.69 mmol/L vs. 1.23 ± 0.64 mmol/L; p < 0.05). Adiponectin levels were lower in TT genotype group than 
AA genotype group (35801.2 ± 35,912.3 ng/L vs. 26,718.1 ± 36,323.1 ng/L vs. 21,112.3 ± 25,623.1 ng/L p < 0.05).

Conclusion: The FTO gene polymorphism, rs9939609, was found to be associated with insulin resistance, insulin, triglyceride and adiponectin 
levels in obese patients with TT variant.
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INTRODUCTION

Obesity, which is a risk factor for various disorders including 
type 2 diabetes, hypertension, cancer, and cardiovascular dis-
ease, is one of the most common disorders in clinical practice 
worldwide. It has been reported that the occurrence of obesity 
is determined by both environmental and genetic factors (1-2). 
Common polymorphisms of the fat mass and obesity associat-
ed gene (FTO) have been linked to obesity in some populations 
(3-5). The FTO gene is highly polymorphic, and several poly-
morphisms of the gene have been found to be associated with 
obesity or obesity phenotypes, such as high body mass index 
(BMI). One of these genetic variants (rs9939609), located with-
in the first FTO intron, has been related to an increased risk for 
both obesity and type 2 diabetes mellitus (7-16). Although the 
association of the FTO gene with obesity is observed across 
many different ethnic populations (7-16), there are several con-
troversies. Some showed an association of the FTO gene with 
obesity (15-16), and some failed to replicate the result (17). 
The reason for this discrepancy is not clear. Lack of adjustment 
for confounding factors, especially dietary intake, may also be 
the reason, since such factors seem to be important to modu-
late the gene susceptibility for lifestyle-related disorders such 
as obesity.

In the other hand, the current view of adipose tissue is that of 
an active secretor organ, sending out and responding to signals 
that modulate appetite, insulin sensitivity, energy expenditure, in-
flammation and immunity. Adipocytokines are proteins produced 
mainly by adipocytes (18). These molecules have been shown to 
be involved in the pathogenesis of the metabolic syndrome and 
cardiovascular disease (for example; adiponectin, leptin, resistin, 
IL6 and TNF alpha) (19-22). Association of this FTO polymor-
phism with adipokine levels has been evaluated in few studies 
(23-25). Contradictories data have been obtained with leptin, ad-
iponectin and interleukine-6 levels (19-25) and the relationship 
with resistin levels has not yet been evaluated.

Our aim was to analyze the relationship of the rs9939609 FTO 
gene polymorphism with body weight, insulin resistance, cardio-
vascular risk factors and serum adipokine levels.

SUBJECTS AND METHODS

SUBJECTS

A population of 610 patients with obesity was analyzed in a 
cross sectional design. These patients were recruited in a Nu-
trition Clinic Unit and signed informed consent. Local ethical 
committee approved the protocol (CIENC Committee Vallado-
lid). Exclusion criteria included history of cardiovascular dis-
ease or stroke during the previous 24 months, total cholester-
ol > 12.8 mmol/L, triglycerides > 3.3 mmol/L, blood pressure 
> 140/90 mmHg, fasting plasma glucose > 3.9 mg/dL, as well 
as the use of sulphonilurea, thiazolidinedions, insulin, dypepti-
dil type 4 inhibitors, exenatide, glucocorticoids, antineoplasic 

agents, agiotensin receptor blockers and angiotensin converting 
enzyme inhibitors. Smoking habit has been excluded, too. Inclu-
sion criteria included body mass index > 30, age > 18 years and 
signed informed consent.

PROCEDURE

Weight, blood pressure, basal glucose, c-reactive protein 
(CRP), insulin, insulin resistance (HOMA-IR), total cholesterol, 
LDL-cholesterol, HDL-cholesterol, triglycerides blood and adipo-
cytokines (leptin, adiponectin, resistin, TNF alpha, and interleu-
kin 6) levels were measured. A tetrapolar bioimpedance and a 
prospective serial assessment of nutritional intake with 3 days 
written food records were realized. Genotype of FTO gene poly-
morphism (rs9939609) was studied.

Genotyping of rs9939609 FTO gene 
polymorphism

Oligonucleotide primers and probes were designed with the 
Beacon Designer 5.0 (Premier Biosoft International®, LA, CA). 
The polymerase chain reaction (PCR) was carried out with 50 ng 
of genomic DNA, 0.5 uL of each oligonucleotide primer (primer 
forward: 5’-GGCTCTTGAATGAAATAGG-3’and reverse 5’-GACT-
GTTACCTATTAAAACTTTAG-3’ and 0.25 uL of each probes (wild 
probe: 5’-Fam-ATC AAG AGC ACG GTC AAG ATT GCC-BHQ-1-3’) 
and (mutant probe: 5’-Texas red- ATC AAG AGC ACA GTC AAG 
ATT GCC -BHQ-1-3’) in a 25 uL final volume (Termociclador 
iCycler IQ (Bio-Rad®), Hercules, CA). DNA was denaturated at 
95 oC for 3 min; this was followed by 35 cycles of denaturation 
at 95 ºC for 15 s, and annealing at 55º for 45 s). The PCR were 
run in a 25 uL final volume containing 12.5 uL of IQTM Supermix 
(Bio-Rad®, Hercules, CA) with hot start Taq DNA polymerase.

BIOCHEMICAL ASSAYS

Plasma glucose levels were determined by using an auto-
mated glucose oxidase method (Glucose analyser 2, Beckman 
Instruments, Fullerton, California). Insulin was measured by RIA 
(RIA Diagnostic Corporation, Los Angeles, CA) with a sensitivity of 
3.6 pmol/L (normal range 3.5-220 pmol/L) (26) and the home-
ostasis model assessment for insulin resistance (HOMA-IR) was 
calculated using these formula (insulin x glucose/22.5) (27). CRP 
was measured by immunoturbimetry (Roche Diagnostics GmbH, 
Mannheim, Germany), with a normal range of (0-28nm l/L) and 
analytical sensivity 2 nmol/L. Serum total cholesterol and triglyc-
eride concentrations were determined by enzymatic colorimetric 
assay (Technicon Instruments, Ltd., New York, NY, USA), while 
HDL cholesterol was determined enzymatically in the superna-
tant after precipitation of other lipoproteins with dextran sul-
phate-magnesium. LDL cholesterol was calculated using Friede-
wald formula.
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Resistin was measured by ELISA (Biovendor Laboratory, Inc., 
Brno, Czech Republic) with a sensitivity of 200 ng/L with a nor-
mal range of 4,000-12,000 ng/L (28). Leptin was measured 
by ELISA (Diagnostic Systems Laboratories, Inc., Texas, USA) 
with a sensitivity of 50 ng/L and a normal range of 10,000-
100,000 ng/L (29). Interleukin 6 and TNF alpha were measured 
by ELISA (R&D systems, Inc., Mineapolis, USA) with a sensitivi-
ty of 0.7 ng/L and 0.5 ng/L, respectively. Normal values of IL6 
was (1.12-12.5 ng/L) and TNF alpha (0.5-15.6 ng/L) (30-31). 
Adiponectin was measured by ELISA (R&D systems, Inc., Mine-
apolis, USA) with a sensitivity of 246 ng/L and a normal range of 
8,650.0-21,430.0 ng/L (32).

ANTHROPOMETRIC MEASUREMENTS  
AND DIETARY INTAKES

Body weight was measured to an accuracy of 0.1 kg and 
body mass index computed as body weight/(height2). Waist 
(narrowest diameter between xiphoid process and iliac crest) 
and hip (widest diameter over greater trochanters) circum-
ferences to derive waist-to hip ratio (WHR) were measured, 
too. Tetrapolar body electrical bioimpedance was used to 
determine body composition with an accuracy of 5 g (33). 
An electric current of 0.8 mA and 50 kHz was produced by 
a calibrated signal generator (Biodynamics Model 310e, Se-
attle, WA, USA). Blood pressure was measured twice after a 
10  minutes rest with a random zero mercury sphygmoma-
nometer, and averaged.

Patients received prospective serial assessment of nutrition-
al intake with 3 days written food records. All enrolled subjects 
received instruction to record their daily dietary intake for three 
days including a weekend day. Handling of the dietary data was 
by means of a personal computer equipped with a software 
( Dietosource 2.0®), incorporating use of food scales and mod-
els to enhance portion size accuracy. Records were reviewed 
by a registered dietician and analyzed with the software (Die-
tosource 2.0®). National composition food tables were used as 
reference (34).

STATISTICAL ANALYSIS

Sample size was calculated to detect differences over 
0,5  kg in body weight with 90% power and 5% significance 
(n = 600). The results were expressed as average ± stand-
ard deviation. The distribution of variables was analyzed with 
 Kolmogorov-Smirnov test. Patients were divided by genotype in 
3 groups (TT, TA and AA) and ANOVA test was used where in-
dicated with Bonferroni test as a post hoc test. Non-parametric 
variables were analyzed with the Mann-Whitney U test. Pearson 
test was used to analyze correlation. Qualitative variables were 
analyzed with the chi-square test, with Yates correction as nec-
essary, and Fisher’s test. A p-value under 0.05 was considered 
statistically significant.

RESULTS

Six hundred and ten patients gave informed consent and were 
enrolled in the study. No dropout during the study. The mean 
age was 45.3 ± 11.1 years and the mean BMI 35.7 ± 6.0.Two 
hundred and ninety patients (48.1%) had the genotype TT, 
134 (21.7%) patients had the genotype TA and 186 patients had 
the genotype AA (30.2%). Age was similar in all groups (46.1 ± 
16.1 years in TT group vs. 44.9 ± 16.2 years in TA group vs. 
43.9 ± 15.2 years in AA group). Sex distribution was similar in 
different genotype groups (males vs females: 23.3% vs. 76.7% 
in TT group, 25.4% vs 74.6% in TA group, 30.1% vs. 69.9% in 
AA group).

Table I shows the anthropometric variables. No differences 
were detected among genotype groups.

Table II shows the classic cardiovascular risk factors. Insulin and 
HOMA values were higher in TT group than AT and AA groups. 
Triglycerides values were higher in TT group than AA group.

Table I. Anthropometric variables  
by genotypes

Genotypes
TT

(n = 296)
AT

(n = 134)
AA

(n = 186)

BMI 36.4 ± 5.6 35.7 ± 6.3 36.4 ± 5.7

Weight (kg) 95.7 ± 16.7 93.9 ± 19.7 96.5 ± 17.8

Fat mass (kg) 39.8 ± 12.3 40.8 ± 13.7 42.1 ± 12.5

Waist circumference 111.4 ± 13.7 110.1 ± 15.1 110.8 ± 13.3

Waist to hip ratio 0.92 ± 0.08 0.91 ± 0.07 0.92 ± 0.1

Systolic BP (mmHg) 129.7 ± 15.0 128.9 ± 14.7 127.7 ± 14.4

Diastolic BP (mmHg) 82.5 ± 8.8 82.3 ± 9.1 82.4 ± 8.8

BMI: body mas index; WC: waist circumference. No statistical differences.

Table II. Biochemical variables  
by genotypes

Genotypes
TT

(n = 296)
AT

(n = 134)
AA

(n = 186)

Glucose (mmol/L) 3.61 ± 0.42 3.51 ± 0.52 3.6 ± 0.81

Total ch. (mmol/L) 10.51 ± 2.13 10.6 ± 2.23 10.7 ± 2.31

LDL-ch. (mmol/L) 6.41 ± 1.72 6.43 ± 1.81 6.49 ± 1.76

HDL-ch. (mmol/L) 2.72 ± 0.63 2.80 ± 0.71 2.81 ± 0.70

TG (mmol/L) 1.42 ± 0.71 1.39 ± 0.69 1.23 ± 0.64 *

Insulin (pmol/L) 122.2 ± 101.8 104.5 ± 61.5+ 112.1 ± 74.3*

HOMA 4.76 ± 4.4 3.71 ± 2.5+ 3.76 ± 3.1*

CRP (nmol/L) 24.04 ± 18.4 23.83 ± 21.3 24.23 ± 20.2

Ch: cholesterol; HOMA: homeostasis model assessment; TG: triglycerides. 
Statistical differences (p < 0.05) between TA and TT groups (+). Statistical 
differences (p < 0.05) between AA and TT groups (*).
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Table III shows nutritional intake with 3 days written food re-
cords. No statistical differences were detected in caloric, carbo-
hydrate, fat, and protein intakes. Aerobic exercise per week was 
similar in both groups.

Table IV shows levels of adipocytokines. Adiponectin levels 
were lower in TT genotype group than AA genotype group. No 
differences were detected among genotype groups in other se-
rum adipocytokine levels.

DISCUSSION

We analyzed the single nucleotide polymorphism (SNP) 
rs9939609 of the FTO gene in obese Caucasian subjects. No 
associations could be found between investigated SNP and BMI, 
weight and some cardiovascular risk parameters (glucose, LDL 
cholesterol, HDL cholesterol and blood pressure). However, an 
association between this SNP and insulin levels, insulin resist-
ance, triglyceride levels and adiponectin was observed.

The relation of rs9939609 with body weight is a contradictory 
topic area. For example, Do et al reported that the FTO variants 
(rs17817449 and rs1421085) have been associated with sev-
eral measures of adiposity including weight, BMI, fat mass and 
waist circumference (35). However, rs9939609 did not show 
these associations (35). Dina et al. (36) note that the gene may 
play a role in body weight regulation, since it is highly expressed 
in the hypothalamic-pituitary-adrenal axis. These contradictory 

results might be explained by ethnicity factors. For example, 
Fang et al. (24) reported a significant association of FTO and BMI 
in Asian adults, although the risk allele effects on weight were 
lower in Caucasian samples, as our data shown.

In the above-mentioned study, the obesity risk alleles of 
rs17817449 and rs1421085 were associated with fasting in-
sulin and HOMA-IR, the influence of these SNPs on insulin sen-
sitivity appears to be mediated through obesity (35). We also 
confirmed the finding of Freathy et al (37), that FTO genotype 
was associated with metabolic traits. These previous results im-
plied that the association of FTO variant with serum triglycer-
ides and adiponectin levels may be mediated through obesity. 
Nevertheless, in our study, the association of these parameters 
was independent of body weight. In accord with other study (38), 
no association between leptin levels and rs9939609 genotypes 
were detected. In the other hand, Zimmerman et al (23) reported 
an association between circulating leptin levels and FTO variant, 
but the effect was accounted for by BMI and that the FTO A-allele 
tended to lower IL-6 levels. In aother pediatric group of patients 
(39), the minor A allele of the FTO rs9939609 was significantly 
associated with higher serum leptin concentrations independent-
ly of potential confounders including adiposity.

The effect of the FTO rs9939609 on insulin resistance is an 
unclear area, too. Tan et al (40) reported an increase in insulin 
resistance and hiperinsulinemia in obese patients with polycys-
tic ovary syndrome with the A allele, without effect on glucose 
levels. In other study, FTO was associated with both metabolic 
syndrome and glucose without finding an association to insulin 
resistance (41). Our findings of insulin resistance and elevated 
triglyceride levels in patients with TT genotype were different 
than previous, without a clear explanation. For example, Grunnet 
et al. (42) have proposed that modifications of energy efficiency 
in oxidative muscle fibers may contribute to the association of 
FTO variants (A allele) and insulin resistance, but we reported an 
association with T allele.

These discrepancies in the metabolic findings between studies 
could be partly due to differences in population characteristics, 
such as gender, age, ethnic composition and environmental ex-
posures such as dietary intakes. Our results suggest that there is 
no association of FTO with either energy intake or macronutrient 
composition, as other studies (43). At present the mechanism 
of the FTO variant on insulin resistance, triglyceride levels and 
adiponectin levels is uncertain. Human adipose tissue is heter-

Table III. Dietary intake by genotypes

Genotypes
TT

(n = 296)
AT

(n = 134)
AA

(n = 186)

Energy  
(kcal/day) 

1,815.1 ± 625.7 1,848.2 ± 667.2 1,865.3 ± 614.1

CH (g/day) 196.3 ± 77.4 196.3 ± 77.1 195.1 ± 74.3

Fat (g/day) 78.9 ± 35.1 80.5 ± 36.9 78.6 ± 33.5

Protein (g/day) 85.7 ± 26.6 90.2 ± 28.3 88.5 ± 26.7

Exercise  
(hs/week) 

1.7 ± 3.1 1.8 ± 2.9 1.5 ± 2.8

Dietary fiber 15.4 ± 7.0 15.2 ± 6.3 14.9 ± 6.1

CH: carbohydrate. No statistical differences.

Table IV. Levels of aipokines by genotypes
Genotypes TT (n = 296) AT (n = 134) AA (n = 186)

IL 6 (ng/L) 2.0 ± 2.1 2.1 ± 3.6 1.9 ± 2.4

TNF-a (ng/L) 6.1 ± 4.7 5.9 ± 3.7 5.8 ± 3.6 

Adiponectin (ng/L) 35,801.2 ± 35,912.3 26,718.1 ± 36,323.1 21,112.3 ± 25,623.1* 

Resistin (ng/L) 4,012.3 ± 1,812.3 4,212.4 ± 2,034.5 4,489.4 ± 1,912.3

Leptin (ng/L) 76,734.4 ± 58,445.3 75,298.2 ± 80,112.9 79,834.5 ± 80,222.1

Statistical differences (p < 0.05) between AA and TT groups (*). 
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ogeneous in its metabolic activity, and some sites in the adi-
pose tissue might be expanded preferentially among TT carriers, 
resulting in an increased insulin resistance, insulin levels and 
triglyceride with a decreased adiponectin levels.

CONCLUSION

In conclusion, the FTO gene polymorphism, rs9939609, was 
found to be associated with insulin resistance, insulin, triglyc-
eride and adiponectin levels in obese patients with TT variant. 
A failure to control for the factors (caloric expenditure due to 
exercise, medications, smoking, age and gender is a biass in our 
design). However, further studies are necessary to confirm our 
results and to explore new metabolic relationships of this SNP 
and to performed metanalysis with pooled data as in children 
populations (44).
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Abstract
Background: Bariatric surgery is one of the main treatments for severity obesity, but weight regain after surgery is an important issue.

Objectives: To compare the clinical and nutritional profi les of good and poor weight loss responders in the late postoperative period after 
bariatric surgery.

Methods: A cross-sectional study with patients undergoing Roux-en-Y gastric bypass in a University Hospital. Patients were divided into good 
weight loss responders (GWLR) and poor weight loss responders (PWLR) defi ned as ≥ 50% or < 50% excess weight loss (EWL), respectively, 
at least 2 years post-surgery.

Results: The sample included 204 individuals (87.7% women; mean age 50.15 ± 11.1 years; mean time after surgery 67.38 ± 30.76 months). 
Two years post-surgery, 71.1% were considered GWLR and 28.9% PWLR (mean EWL 72.33% ± 13.86%, and 35.06% ± 12.10%, respectively; 
p = 0.000). Weight regain was < 10% for 36.3% of patients, 10.1-20% for 36.3%, and > 20% for 21.3%, compared with the lowest post-surgery 
weight. Among PWLR, 49.0% regained > 20% of the lowest post-surgery weight. GWLR lost most weight at all time points analyzed (p < 0.05). 
GWLR presented improvement or remission of diabetes, dyslipidemia and hypertension more frequently compared to PWLR (p < 0.05). Eating 
patterns was similar between GWLR and PWLR (p > 0.05, study’s power 100%). Quality of life improved in 79.5% of the total study sample, 
with greater improvements in the GWLR (p < 0.05). 

Conclusions: Greater weight loss correlated with improved remission in comorbidities and better quality of life.

Resumen
Introducción: la cirugía bariátrica es uno de los principales tratamientos para la obesidad, pero la recuperación de peso después de la cirugía 
es una cuestión importante.

Objetivo: comparar los perfi les clínicos y nutricionales de los buenos y malos respondedores en postoperatorio (PO) tardío de la cirugía bariátrica.

Método: estudio transversal con pacientes sometidos a bypass gástrico en Y de Roux en un hospital universitario. La muestra se divide en buenos 
respondedores (BR) y respuesta defi ciente (MR), teniendo en cuenta el porcentaje de pérdida de exceso de peso (PEP) del 50,0%, después de 
al menos 2 años de PO.

Resultados: un total de 204 personas (87,7% mujeres, con una edad media de 50,15 ± 11,1 años y 67,38 ± 30,76 meses después de la 
operación). Después de 2 años de la operación, el 71,1% se consideraron BR y el 28,9% MR (PEP promedio 72,33 ± 13,86% y 35,06 ± 12,10%, 
respectivamente) (p < 0,05). La recuperación de peso fue < 10% para el 36,3% de los pacientes, 10,1 a 20% a 36,3% y > 20% a 21,3% en 
comparación con el menor peso después de la cirugía. Entre MR, el 49,0% recuperó más del 20% del peso más bajo después de la cirugía. 
El BR perdió la mayor parte de sobrepeso en los diferentes tiempos analizados PO (p < 0,05). El BR mostró mejoría o remisión de la diabetes 
mellitus, dislipidemia e hipertensión con más frecuencia, en comparación con los MR (p < 0,05). El patrón de dieta fue similar entre la BR y MR 
(p > 0,05; 100% de la potencia del estudio). La calidad de vida mejoró en el 79,5% del total del grupo, con la mejor evolución en los BR (p < 0,05).

Conclusión: la pérdida de peso mayor se correlaciona con la mejora de la remisión de comorbilidades y una mejor calidad de vida.
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INTRODUCTION

The prevalence of obesity has increased worldwide in the last two 
decades, reaching epidemic proportions and becoming a serious 
public health problem. More than 10% of the global adult population 
is obese. In Brazil, the prevalence of obesity is 17%. Causes of 
weight excess include hypercaloric diet, low physical activity, and 
genetic factors. Nutritional counseling, exercise and/or pharmaco-
logical treatments often fail to treat severe obesity (body mass index 
[BMI] >35 kg/m2), and more effective interventions are necessary. 
Bariatric surgery has emerged as the most effective treatment for 
severe obesity, with Roux-en-Y gastric bypass (RYGB) being the 
most commonly used surgical technique. It combines gastric restric-
tion with reduction in food intake and bowel surface contact (1,2).

The number of bariatric surgeries is rising each year. In Brazil, 
the number increased from 16,000 in 2003 to 86,840 in 2013 
(3). RYGB results in excess weight loss (EWL) of between 65% 
and 70%, decreased and/or resolution of obesity-related com-
orbidities, quality of life (QOL) improvement, and increased life 
expectancy (1).

However, EWL can diminish over time, and weight regain is 
frequent in the long-term. Mechanisms that may underlie weight 
regain include dilatation of the gastric pouch because of con-
sumption of larger amounts of food, hypercaloric food ingestion, 
physiologic increase in nutrient absorption capacity in bowel, al-
cohol consumption, sedentarism, and hormonal adaptations (4,5).

Few studies have compared the clinical and nutritional profile of 
people with adequate EWL with those failing to maintain EWL in 
the late postoperative period, or compared good and poor weight 
loss responders after RYGB. Studies performed by the same 
surgical team, with long-term multidisciplinary follow-up, are of 
particular value. Therefore, the aim of this study is to compare 
the clinical and nutritional profile of good weight loss responders 
(GWLR) with poor weight loss responders (PWLR) after RYGB in 
the late postoperative period.

METHODS

This cross-sectional study included patients aged >18 years 
who had received bariatric surgery ≥ 2 years previously (long-term 
postoperative period). Pregnant women were excluded. All pa-
tients underwent RYGB and were monitored by a multidisciplinary 
team of the Service of Multidisciplinary Care of Surgical Obese 
Patients in the National Brazilian Health Care System (NBHCS). 
Retrospective data were collected from medical records of pa-
tients who underwent RYGB between 1998 and 2009. Prospective 
data were collected from October 2011 to March 2013 during the 
clinical and nutritional consultation. Experienced trained health 
care providers (physicians and dieticians) collected all data.

The institutional ethics committee approved the study  
(n. 2572.179/2011-08). The study design conformed to the 
guidelines of the Declaration of Helsinki. All subjects were in-
formed about the study objectives/procedures and data confi-
dentiality, and provided written informed consent to participate.

All surgeries were supervised by one experienced surgeon. 
RYGB included a small gastric reservoir to between 20 and 50 mL 
and secondary dysabsorption with bypass of the duodenum and 
proximal jejunum, leaving an alimentary limb of 100 cm. The sur-
gery was performed by laparotomy with a silastic ring insertion 
between the stomach pouch and small bowel.

Data collected from medical records included age, sex, educa-
tion level, ethnicity, date of surgery, obesity history (years), smok-
ing, alcohol consumption, weight (kg), height (m), and BMI (kg/
m2). Data were also collected on comorbidities in the preoperative 
period, plateau phase duration (months) and early postoperative 
complications and mortality (30 days after surgical procedure). 
Plateau phase corresponds to the time with lower weight achieved 
or with maximum weight loss. Data collected at the clinical and 
nutritional consultation included duration of postoperative per-
iod (months), physical activity, alcohol consumption, food intake, 
smoking, weight (kg and %), height (m), BMI (kg/m2), weight loss 
(kg and %), excess weight loss (%EWL), weight regain (kg), waist 
circumference (cm), comorbidities and metabolic control. QOL 
was assessed using the Bariatric Analysis and Reporting Outcome 
System (6).

Regular physical activity (7) and alcohol consumption (8) were 
classified according to the World Health Organization. Food con-
sumption was analyzed with one 24-hour dietary recall (R24h), 
applied at the nutritional consultation by experienced trained 
dietician. Energy and macronutrient intake were estimated using 
the software Avanutri® online version 3.0 (Avanutri LTDA., Rio de 
Janeiro, RJ, Brazil), and carbohydrate, protein and lipid intake was 
estimated in absolute (g) and proportional values of total energy 
intake. Smoking was estimated from smoking pack-years.

Weight regain was defined as the final weight at the single 
nutritional consultation in October 2011 to March 2013 compared 
with the lowest weight achieved after surgery (recovery). Cut-off 
points of 10% and 20% were established to indicate important 
and very important weight regain, respectively.

The %EWL was obtained as follows: [(operative weight − 
 follow-up weight)/initial excess weight] × 100. Initial excess 
weight was obtained subtracting operative weight and ideal body 
weight, where ideal body weight was estimated as BMI 25 kg/m2. 
%EWL was estimated from four different timepoints after surgery: 
6 months, at the postoperative time with lowest weight, at 2 years, 
and at the clinical consultation. The sample was divided into two 
groups: patients with %EWL < 50% at the clinical consultation 
were considered PWLR, and patients with %EWL of ≥ 50% at the 
clinical consultation were considered GWLRs (9).

Metabolic control was assessed by the criteria of Mechanick 
et al. (10), measured by improvement or resolution of the follow-
ing comorbidities: type 2 diabetes mellitus (T2DM) (fasting glu-
cose ≤ 126 mg/dL); dyslipidemia (total cholesterol ≤ 200 mg/dL, 
LDL cholesterol ≤ 130 mg/dL and triglycerides ≤ 150 mg/dL); and 
hypertension (systolic blood pressure [BP] ≤ 140 mmHg, diastolic 
BP ≤ 90 mmHg). Waist circumference was measured in the stand-
ing position at the end of expiration midway between the lowest rib 
and the iliac crest. Hip circumference was measured at the greater 
trochanters. Absolute values were used for analysis.



1110 G. Farias et al.

[Nutr Hosp 2016;33(5):1108-1115]

Statistical analyses were performed using Statistical Package 
for the Social Science for Windows version 22.0 (SPSS Inc., Chica-
go, IL, USA). Descriptive statistics are presented as mean ± stan-
dard deviation, and minimum and maximum values for data with 
normal distribution. Median, standard error of the mean, minimum 
and maximum values were used or variables without symmetrical 
distribution. Normal distribution of continuous variables was deter-
mined using the Shapiro-Wilk test. Variables without symmetrical 
distributions were corrected with Z scores, and means from two 
different samples were compared with Student’s t-test. Categor-
ical variables were shown as percentages. Chi-square test was 
used for categorical variables. Fisher’s exact test was used where 
there were less than five observations in a variable. When we 
identified important variables that lacked statistical difference, the 
study’s power analisys to detect such difference was performed 

using G*Power version 3.0.10 (Departament of Psychology, Uni-
versity Dusseldorf, Dusseldorf, Germany). Statistical significance 
was set at the 95% confidence interval, considered to be signifi-
cant when p < 0.05.

RESULTS

From 1998 and 2009, 569 patients underwent RYGB at the 
public hospital. The early mortality rate was 2.3% (n = 13). 
Six patients (1%) died after surgical complications, and seven 
because of nonsurgical reasons. The final sample comprised 
204 subjects (87.7% female, mean age 50.1 ± 11.1 years, 
22.1% ≥ 60 years old). Overall, 28.9% (n = 59) were classified 
as PWLR (Table I).

Table I. Preoperatory patient’s characteristics

TS
n = 204

n
GWLR

n = 145
n

PWLR
n = 59

n p value c2

Age (years)* € α 50.1 ± 11.1 
204

50.8 ± 11.4 145 48.6 ± 10.1 
59 0.193 -

 Minimum to maximum 19.0 – 75.0 19.0 – 75.0 29.0 – 70.0

Gender (%)£

 Female 87.7 179 88.3 128 86.4 51
0.814 0.131

 Male 12.3 25 11.7 17  13.6 8

Scholarity (%) β

 Unlettered/ semi-literate 2.9 6  3.4 5 1.7 1

0.777 1.099
 Less than high school 48.1 98 47.6 69 49.1 29

 High school 33.3 68 34.5 50 30.6 18

 College degree  15.7 32 14.5 21 18.6 11

Ethnicity (%) £

 Caucasian 84.8 173 84.1 122 86.4 51
0.830 0.137

 Non caucasian 15.2 31 15.9 23  13.6 8

Smoking (%)£ 15.7 32  15.2 22  16.9 10 0.917 0.011

Alcoholic beverage (%) β

 Never 78.4 160 79.3 115  76.3 45 0.726 0.123

 Social drinking 21.6 44 20.7 30  23.7 14

 Alcohol addiction 0.0 0 0.0 0  0.0 0    

Obesity history (years)** € α 19.0 ± 0.7 
204

19.0 ± 0.9
145

20.0 ± 1.3
59

0.477 -

 Minimum to maximum 4.0 – 50.0 4.0 – 50.0 4.0 – 41.0

 Preoperatory weight (kg)** € α 122.5 ± 1.6
204

120.0 ± 1.9 
145

125.8 ± 3.0
59

0.147 -

 Minimum to maximum  83.7 – 200.2 83.7 – 200.2 89.8 – 190.0

 Preoperatory BMI (kg/m2)** € α 47.9 ± 0.5
204

47.7 ± 0.6 
145

49.1 ± 0.9
59

0.184 -

 Minimum to maximum 36.7 – 77.1 36.7 – 74.4 39.4 – 77.1

Comorbities (%) £

 SAH 80.4 164 80.7 117 79.7 47 0.848 0.028

 T2DM 33.8 69 33.8 49 33.9 20 1.000 0.000

 Dyslipidemia 48.5 99 47.6 69 50.8 30 0.758 0.159

TS: total sample; GWLR: good weight loss responders; PWLR: poor weight loss responders; kg: kilogram; BMI: Body Mass Index; *mean ± SD; m: meters; **median ± 
SEM; £Chi-square test; €Student´s t Test; βFisher´s exact test; α Coefficient of variation ≤25%.
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Table I shows the similarity between GWLR and PWLR character-
istics (p > 0.05). Most patients had preoperative BMI > 40 kg/m2  
(mean preoperative BMI 47.9 ± 0.5 kg/m2). There were 46% (n = 
67) postmenopausal women in the GWLR and 44% (n = 26) in 
the PWLR (p = 0.902). The postoperative period was lower in the 
GWLR compared with PWLR (p < 0.05). PWLR reached plateau 

earlier than GWLR (p < 0.05), and had higher total weight, weight 
regain, waist circumference and BMI assessed at the last nutritional 
consultation (p < 0.05) (Table II).

There was better total weight loss among the GWLR (p < 0,05) 
(Fig. 1), and PWLR had higher weight regain than GWLR (p < 0.05). 
Current %EWL was estimated with the lowest post-surgical weight 

Table II. Clinical and nutritional profile compararison between good and poor weight loss 
responders post roux-en-Y gastric bypass

TS GWLR PWLR p-value£

PO period (months)* † 67.38 ± 30.76 63.05 ± 29.96 78.01 ± 30.34
0.001

Minimum to maximum 24.00 – 151.00 24.00 – 151.00 25.00 – 130.00

Plateau phase (months)* † 21.92 ± 12.85 23.10 ± 13.68 18.96 ± 10.00 
0.039

Minimum to maximum 6.00 – 60.00 6.00 – 60.00 5.00 – 60.00

Weight (kg)** α 86.95 ± 1.32 81.00 ± 1.16 101.00 ± 2.33 
0.000

Minimum to maximum 54.50 – 157.00 54.50 – 132.00 75.00 – 157.00

EWL (%)* 61.55 ± 21.56 72.33 ± 13.86 35.06 ± 12.10 
0.000

Minimum to maximum 1.56 – 106.15 50.06 – 106.15 1.56 – 49.75

Waist circumference (cm)** α 105.00 ± 1.01 101.00 ± 0.99 120.00 ± 1.44 
0.000

Minimum to maximum 77.00 – 150.00 77.00 – 141.00 92.00 – 150.00

BMI (kg/m2)** α 33.93 ± 0.44 32.04 ± 0.35 41.04 ± 0.72 
0.000

Minimum to maximum 22.98 – 54.32 22.98 – 48.78 32.24 – 54.32

Weight regain (kg)** α 8.85 ± 0.62 7.55 ± 0.49 15.45 ± 1.43 
0.000

Minimum to maximum 0.00 – 51.50 0.00 – 31.10 1.50 – 51.50

TS: total sample; GWLR: good weight loss responders; PWLR: poor weight loss responders; PO: postoperative period; kg: kilogram; cm: centimeters; EWL: excess weight 
loss; BMI: Body Mass Index; *mean ± SD; **median ± SEM;  £Student´s t test; αCoefficient of variation ≤ 25%; †Coefficient of variation > 25%.

Figure 1. 

Total weight loss of good and poor weight loss responders in follow-up time.

TS: total sample; GWLR: good weight loss responders; PWLR: poor weight loss responders.
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for 6.1% (n = 11) of the patients, and was higher in GWLR. To 
classify weight loss, results were stratified according to pos-
toperative time: 2, 3, 5, 7, and 10 years after surgery. Weight 
loss was 35%, 31.3%, 33.7%, 29.6% and 25.9% in these groups, 
respectively. For 36.3% (n = 74) of patients, weight regain was 
< 10%, 36.3% (n = 74) had weight regain of 10.1%-20%, and 
21.3% (n = 45) had weight regain > 20%, compared with the 
lowest post-surgical weight. Among the PWLR, 49.0% (n = 29) 
regained > 20% of the lowest weight after surgery.

Before surgery, 80.4% (n = 164) of the patients had hyper-
tension, 33.8% (n = 69) had T2DM, and 48.5% (n = 99) had 
dyslipidemia (Table I). After RYGB, metabolic control improvement 
or T2DM, dyslipidemia and hypertension resolution was higher in 
the GWLR group than the PWLR group (p < 0.05) (Fig. 2).

After surgery, there were 23% (n = 34) and 34% (n = 20) 
of GWLR and PWLR, respectively, using antidepressants  
(p = 0.174).

Energy and macronutrient intake (absolute values) were similar 
between the GWLR and PWLR groups (p > 0.05). Macronutri-
ent distribution in total energy also was similar between groups 
(p > 0.05, study’s power 100%) (Table III).

QOL was examined in 76.5% (n = 156) of the total sample. 
It was insufficient for 5.8% (n = 9) of patients, acceptable or 
good for 50.6% (n = 79), and very good or excellent for 43.6% 
(n = 68). None of the PWLR group were classified as having ex-
cellent QOL, and all insufficient results were found in the PWLR 
(18.8%; n = 9), demonstrating better QOL in the GWLR group 
(p = 0.000; c2=44.966).

After surgery 8.3% (n = 17) of the participants are smokers. 
Regarding to alcoholic beverage, 78.4% (n = 160) did not use 
alcohol, 20.1% (n = 41) are social drinkers and 1.5% (n = 3) were 
classified as alcohol addiction.

Only 14.7% (n = 30) of patients reported practicing some 
type of physical activity of more than 150 minutes per week, 
17.1% (n = 35) practice less than 150 minutes per week and 
139 (68.2%) of patients are sedentary.

There was no difference between the GWLR and PWLR groups 
in frequency of smoking, alcohol comsuption and in physical ac-
tivity (p > 0.05).

DISCUSSION

The results of the study demonstrate similar characteristics 
between the GWLR and PWLR groups in the preoperative period. 
PWLR achieved the plateau phase before GWLR, and had high-
er weight regain. However, GWLRs had better %EWL, QOL, and 
improvement or resolution of comorbidities, compared with PWL-
Rs. Energy and macronutrient intake, alcohol consumption and 
physical activity were similar between groups following surgery.

There is no consensus definition of success or failure after 
bariatric surgery. The classification of GWLR and PWLR must in-
clude weight loss and weight recovery, alongside improvement 
or resolution preoperative comorbidities, prevention of nutrient 
deficiency, and better QOL.

We found that the minimum weight was reached between 
18 and 24 months after surgery, and that the weight loss pro-
portion decreases through the postoperative period, as observed 
in other studies (2,4,11-15). As demonstrated by our results 
and in other studies, rates of weight loss are higher during the 
first year after surgery, primarily in the first 6 months, followed 
by slower progressive weight loss two years after surgery, brief 
stabilization, then weight regain (2,5,12). Therefore, the %EWL at 
six months is a potentially valid index of surgical success.

Figure 2. 

Comorbities resolution and improvement of good and poor weight loss responders.

TS: Total sample; GWLR: good weight loss responders; PWLR: poor weight loss responders; Chi-square test. 
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Table III. Daily intake of energy, carbohydrate, protein and lipid by good and poor weight 
loss responders post roux-en-Y gastric bypass

TS GWLR PWLR p-value£

Energy (kcal)* α 1151.25 ± 31.45 1114.60 ± 38.18€ 1173.13 ± 52.85€

0.321
Minimum to maximum 184.49 – 3047.88 184.49 – 3047.88 565.48 – 2522.73

Energy (kcal/ Kg IBW)* α 18.13 ± 0.53 17.14 ± 0.66€ 18.60 ± 0.88€

0.619
Minimum to maximum 3.15 – 51.41 3.15 – 51.41 7.30 – 37.98

Carbohydrate (g)* α 135.11 ± 4.21 135.76 ± 4.98€ 135.11 ± 7.93€

0.411
Minimum to maximum 35.90 – 395.88 35.90 – 395.88 75.17 – 317.15

Carbohydrate (%kcal)* α 50.08 ± 0.87 49.95 ± 1.02 50.62 ± 1.68
0.922

Minimum to maximum 22.33 – 83.02 24.26 – 83.02 22.33 – 77.31

Protein (g)* α 49.50 ± 1.84 48.95 ± 2.17 56.98 ± 3.47
0.399

Minimum to maximum 5.48 – 151.69 5.48 – 151.69 22.89 – 129.02

Protein (g/kg lBW)* α 0.77 ± 0.03 0.76 ± 0.04 0.83 ± 0.07
0.309

Minimum to maximum 0.09 – 2.56 0.09 – 2.56 0.31 – 1.94

Protein (%kcal)* α 17.72 ± 0.47 17.81 ± 0.51 16.78 ± 1.03
0.499

Minimum to maximum 6.43 – 43.05 6.43 – 43.05 7.59 – 30.71

Lipid (g)* α 41.25 ± 1.59 41.11 ± 1.92 42.43 ± 2.87
0.680

Minimum to maximum 1.41 – 157.96 1.41 – 157.96 12.58 – 118.25

Lipid (%kcal)* α 31.55 ± 0.65 31.50 ± 0.78 31.89 ± 1.19
0.829

Minimum to maximum 4.04 – 51.26 4.04 – 51.26 15.11 – 50.95

TS: total sample; GWLR: good weight loss responders; PWLR: poor weight loss responders; kcal: kilocalories; kg: kilogram; IBW: ideal body weight; g: grams; 
*median ± SEM; £Student´s t test; €Study’s power 100%; α Coefficient of variation ≤ 25%.

In the late postoperative period, we observed 93.9% of the 
patients with weight regain in the final nutritional consultation, 
and 57.6% of the total sample had important or very important 
weight regain, mainly among the PWLR. This weight regain is 
dramatic compared with the ≥15% weight regain in 15% of the 
patients after surgery reported by Odom et al. (2010) on avarage 
28 months after surgery (4). However, our results are more similar 
to other studies that suggest that the longer the postoperative 
period after surgery, the higher the weight regain (4,12,14).

Weight regain usually starts at 24 months after surgery and is 
similar at 2, 5, 6 and 10 years after surgery, varying between 7% 
and 8.7% (2,12,13,16). Lowest values are demonstrated 3 years 
after surgery, showing 3% proportional weight regain (17).

Socioeconomic factors may also play a role in the long-term 
success of bariatric surgery. In Brazil, despite of the universal 
availability of the NBHCS, low-income patients attend public health 
services more often. Studies suggest that lower socioeconom-
ic status contributes to weight regain after bariatric surgery 
(11,14,18,19).

In addition to changes in the anatomy of the digestive tract after 
RYGB, some researchs have demonstrated that there are physio-
logical changes involved in complex gut-brain nutrient and neural 
signaling after surgery, such as the influence of some gastrointes-
tinal hormones involved in the control of hunger and satiety, for 

example, increased secretion of Glucagon-like peptide-1 (GLP-1) 
and peptide YY, and decrease ghrelin, with their central and per-
ipheral effects on glycaemia and food intake, affecting glucose 
homeostasis and weight control (20-22).

Also the genetic factors and epigenetic mechanisms have been 
associated with variability in weight loss in response to surgical 
intervention (23). Polymorphisms in genes related to RYGB re-
sponse after 1 year post-surgery were identified (24). Several 
common genetic variants may influence weight loss results after 
RYGB as shown by Rinella et al. (25) when compared genetic 
polymorphisms between patients with lower and higher %EWL.

Regarding metabolic parameters, T2DM, dyslipidemia and 
hypertension improvement or resolution was higher after RYGB 
in GWLR compared with PWLR. In spite of the weight regain, 
we observed improvement or resolution of comorbidities in late 
the postoperative period. However, earlier assessment, 2–3 years 
after surgery, demonstrates better results in T2DM, hypertension 
and dyslipidemia resolution than found in the present study and 
in other studies with longer postoperative time, because higher 
weight loss is associated with better improvement of comorbid-
ities (13-15,18,26-28). After one year the remission of type 2 
diabetes can be up to 90% as shown by Pinhel et al. (29). Weight 
regain after 24 months of surgery is related to less remission and 
increased recurrence of comorbidities (13-15,18,26,27).
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Our results show similar energy and macronutrient intake 
between the GWLR and PWLR groups. Energy intake and mac-
ronutrient distribution observed in our study were similar to a 
food quality, physical activity and nutritional follow-up study of 
100 patients after RYGB (14). In our study, protein intake was 
lower than daily recommendations for both GWLR and PWLR. 
This may be important, as a protein rich diet contributes to satiety, 
and stimulates weight loss and lean mass maintenance (30,31).

Available methods to assess food intake are not precise and the 
need of individual report is a limitation (18). It is known that energy 
intake is underreported on the first R24h and three R24h appear 
ideal for assessing food intake (32). Usually, obese people underesti-
mate energy intake between 20% and 30%, and they reduce their 
energy intake near to nutritional consultations (14,18). In our study, 
we compared energy and nutrient intake between groups, and one 
R24h is enough because all subjects, of both groups, were submit-
ted at the same condition, despite to be a limitation.

We found a better QOL in GWLR compared with PWLR. A study 
in which bariatric surgery patients were followed-up for 10 years 
showed a very good or excellent QOL in 84% of patients, simi-
lar to our results (33). Positive effects on QOL are reached with 
10% of weight loss. Hence, QOL is associated with the magni-
tude of weight loss, since better results were obtained after one 
year of surgery, with gradual decline after 6 years, coinciding with 
weight regain (34).

We found no difference between GWLR and PWLR in smok-
ing frequency, alcohol consumption and physical activity. Regular 
physical activity was lower than demonstrated in other studies, 
suggesting regular physical activity as a predictive factor of weight 
loss maintenance after surgery (14,35). As described in other 
studies (36,37), we did not find a relationship between alcohol 
consumption and weight loss.

Limitations of our study include the dropout rate (64.1%), that 
may affect the study results because the all 569 patients hetero-
geneity at pre- and post-surgery and that the Service of Multidisci-
plinary Care of Surgical Obese Patients, providing assistance to 
pre- and postoperative patients, was started approximately seven 
years ago, and therefore did not support 60.8% (n = 124) of 
the patients of the sample before surgery. Other limitations were 
that precise instruments were not used before surgery to assess 
alcohol consumption, smoking and comorbidities, and that the 
food intake investigation only included one R24h.

CONCLUSION

GWLRs have better %EWL, QOL, and improvement or resolution 
of comorbidities, compared with PWLRs. Alcohol consumption and 
physical activity are similar between groups following surgery. 
There are no difference in nutritional GWLR with PWLR after RYGB 
in the late postoperative period. However, obesity treatment does 
not end with the bariatric procedure. Further studies are neces-
sary to elucidate factors that assure good response to surgery, to 
guide the multidisciplinary team, and to elucidate metabolic and 
hormonal mechanisms underlying weight regain.
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Resumen
Introducción: determinar la composición corporal permite valorar cambios en la adiposidad de un individuo.

Objectivo: el objetivo de este estudio fue evaluar la grasa corporal total basada en modelos de dos compartimentos (2C) y compararlos con 
el modelo de cuatro compartimentos (4C) en escolares chilenos obesos, considerando potenciales diferencias por sexo y desarrollo puberal.

Métodos: 61 escolares obesos (33 niños y 28 niñas), de entre 8 y 13 años. La medición de la grasa corporal por 2C consideró dilución isotó-
pica, pletismografía, absorciometría radiográfi ca y bioimpedanciometría; utilizando como patrón de referencia el modelo de 4 compartimentos.

Resultados: cada método dio cuenta de 43-87% de la varianza para determinar el porcentaje de grasa corporal en niños en etapa I y II y 78-96% 
en etapa III y IV. En ambos grupos de niños, las pendientes difi rieron signifi cativamente en la etapa I, con la excepción de la pletismografía. En 
niñas los valores de R2 altos se observaron en todas las etapas del desarrollo puberal. Cada método dio cuenta de 34-92% de la varianza para 
determinar el porcentaje de grasa corporal en niñas etapa I y II y 63-93% en etapa III y IV, respectivamente. En niños obesos, los valores de R2 

fueron altos, principalmente en el grupo de etapa III y IV. En niños y niñas de Tanner III y IV, las menores diferencias con el patrón de referencia 
fueron con dilución isotópica; en cuanto a Tanner I y II, las menores diferencias se obtuvieron con DEXA.

Conclusiones: en ambos sexos, el modelo de dos compartimentos con dilución isotópica y DEXA tuvo la mayor precisión y las menores diferencias 
para determinar la grasa corporal en los niños y adolescentes obesos, en comparación con el patrón de referencia.

Abstract
Introduction: Determine body composition changes in adiposity can assess an individual.

Objective: The objective of this study was to evaluate total body fat percentage based on two and four compartment models in obese Chilean 
school children, adjusting for differences in sex and puberty status.

Methods: Sixty-one obese school children (33 boys and 28 girls) between 8 and 13 years of age were evaluated. Two compartment measure-
ments of body fat percentage considered isotope dilution, plethysmography, radiographic absorptiometry and bioelectrical impedance; using the 
four compartment model as a benchmark.

Results: Each method explained between 43-87% of the variance in body fat percentage in Tanner stage I and II children and between 78-96% 
in Tanner stage III and V children. In both groups of children methods differed signifi cantly for stage I, with the exception of plethysmography. 
High R2 values were observed for girls in all Tanner stages. Each method explained between 34-92% of the variance in body fat percentage for 
girls in stages I and II and between 63-93% for stages III and V. In obese boys, R2 values were high for stages III and V. In girls and boys in Tanner 
stage III and V, the smallest differences were observed for isotopic dilution, and DXA (dual-energy X-ray absorptiometry) scan for stages I and II.

Conclusions: For obese boys and girls, the two compartment model with isotopic dilution and DXA had the best precision and smallest differences 
in determining body fat percentage compared to the benchmark.
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INTRODUCTION

The prevalence of obesity in Chilean school children is 25.3%, 
with slightly higher levels among boys compared to girls (28.3% 
vs. 22.3%) (1). Increases in adiposity associated with childhood 
obesity is a risk factor for glucose intolerance, insulin resistance, 
dyslipidemia, non-alcoholic fatty liver disease, hypertension, heart 
attack, stroke and premature death (2-6). Although body mass index 
(BMI) is widely used as an index of body fat (BF), it is not a direct 
measurement of adiposity. BMI cannot distinguish between different 
types of body mass (e.g. fat mass, fat free mass, bone mass), thus 
the use of BMI can lead to errors in the estimation of BF, especially in 
the context of obesity. Changes in weight and height associated with 
normal growth are responsible for a 50% increase in BMI, which 
further complicates the interpretation of this index for children and 
adolescents. The increase in BMI during adolescence is primarily a 
result of an increase in fat free mass (7,8). BMI is a global indicator 
of nutritional status and does not distinguish between lean and fat 
mass (9). Thus, measuring fat mass would allow for the quantifica-
tion of metabolic risk associated with an increase in obesity.

In the classic two compartment model of body composition, 
body weight is divided into fat mass and fat free mass. This mod-
el is used widely for clinical practice and nutritional follow-up. 
BODPOP uses the relationship between pressure and volume to 
calculate body volume and density (10) Isotopic dilution quantifies 
total body water, which can be used to predict fat free mass, as 
a proportion of water known in fat free mass by age and sex (11) 
DXA differentiates between fat and fat free mass based on the 
differential attenuation of x-rayes (12). Bioelectrical impedance, 
BIA, is an indirect method to measure the total body water and 
fat free mass (13).

The most precise method, considered the gold standard, for de-
termining body composition is the four compartment model. For this 
method, fat free mass is divided into water, minerals and proteins 
(10). Although multi-compartment models of body composition have 
better precision, few studies have used them to validate simpler 
methodology in obese children and adolescents (14). The current 
study aimed to determine the predictive capacity of the two com-
partment model of BF% (body fat percentage) compared to the four 
compartment model in a sample of obese Chilean school children, 
adjusting for possible differences by sex and pubertal stage.

METHODS

SUBJECTS

We worked with a sample of 61 obese children years (males = 
33 and females = 27) between 8 and 13, from a school in the 
Macul neighborhood of Santiago, Chile. The school was chosen 
for convenience, given the proximity of the school to the place of 
measurements. Inclusion criteria included: BMI ≥ 95th percentile 
according to CDC-NCHS references (15), full-time attendance at 
an educational institution, parental consent and child assent. The 
exclusion criteria included: medical diagnosis of psychomotor dis-

order, use of drugs that can alter body composition, performing 
physical activity, and/or biochemical parameters. This research 
was approved by the Ethics Committee of the University of Chile.

BIOLOGICAL AGE

Pubertal development was classified using Tanner staging, 
considering breast development in females and genital in males 
(16). Developmental stages were determined by visual inspection 
during a physical examination by a pediatrician.

ANTHROPOMETRY

Weight and height were assessed in the morning after an over-
night fast. Children wore minimal clothing, standing in front of 
the scale, with feet together at the center of it, arms attached to the 
body, the head forming a straight line parallel to the floor to join 
the corner of the eye and the birth of the ear. An electronic bal-
ance (SECA® Model 767) was used with sensitivity of 10 grams for 
weight and Holtain stadiometer (SECA) with sensitivity 0.1 cm 
for height, both imported by Precision Hispana. Four skin folds 
(biceps, triceps, subscapular and suprailiac), with a Lange caliper 
millimeter (1 mm), were assessed in triplicate using the technique 
described by Lohman et al. (17).

ISOTOPIC DILUTION

Total body water was determined with deuterium dilution. The 
isotope (4 grams of deuterium oxide 99.8%) was administered 
orally according to body weight of the subject. The amount of body 
water was measured by determining the concentration of deuter-
ium oxide, according to the Plateau method. This required that the 
subjects were in total fasting for a period of three hours, which 
corresponds to the period of equilibrium and minimizes changes 
in total body water content (11). After the fast, a saliva sample 
(2 mL, baseline) was taken. Subsequently, the deuterium dose 
and an additional 20 ml of tap water were given to ensure dose 
ingestion. After three hours, during which participants were not 
allowed to urinate, eat or drink anything additional, the second 
saliva sample (post dose) was taken and frozen at -20 °C. For 
analyzing the concentration of deuterium in saliva, the sample 
was thawed, equilibrated in hydrogen gas, adding 5% platinum 
on aluminum with time of three days to reach equilibrium. The 
deuterium/hydrogen ratio in the gas released was analyzed by 
mass spectrometry (Hydra, Europe Scientific, Crewe, Cheshire, 
United Kingdom).

PLETHYSMOGRAPHY

Volume and body density were measured with an air displace-
ment plethysmograph (BODPOD, mod 2000, Life Measurement, 
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Inc., Concord, USA). Children were tested with underwear, without 
metal objects and a swimming cap to compress the hair. Later, 
children were weighed on a calibrated scale with an accuracy 
of 5 g. The system performs a pressure measurement with the 
chamber empty, then the equipment is calibrated using a 50 liter 
calibration cylinder, after which the subject is measured 2-3 times. 
Body size obtained by this method was used for the 4C (four 
compartment) equation.

DUAL-ENERGY X-RAY ABSORPTIOMETRY

Bone mineral density was estimated using dual energy x-ray 
absorptiometry using Lunar Prodigy Ghc DPX-NT (Lunar Radiology, 
WI, USA) technology, which assesses the entire body in a five-
minute sweep. Children were placed supine wearing a light robe.

BIOELECTRICAL IMPEDANCE

Bioelectrical impedance was measured using Tanita BC-
418MA, eight-electrode, hand-to-foot system, manufactured 
by the Tanita Corporation (Tokyo, Japan). Measurements were 
collected according to manufacturer’s guidelines using a 50 kHz 
frequency. Height, sex and age were entered manually, whereas 
weight was recorded automatically. Measurements were taken in 
the morning after limited physical exercise and empty bladders.

4C MODEL

The 4C model divides the body in fat, water, protein, and min-
erals (18-20). The ability of the model to adjust core body mineral 
mass can result in a more accurate estimate of hydration and 
lean mass density compared with the 3C model. The 4C model is 
considered the “gold standard” because it takes into account the 
variability of its components. The equation has been previously 
validated in children of the same group (21).

The 4C equation used was a follows:
 BF (kg) = [(2,747*BV) – (0,710*TBW)] + [(1,460*BMC) – 
(2,050*W)]
BV = body volume in liters (plethysmography), TBW = total body 

water in liters (isotope dilution), BMC = bone mineral content in 
kg. (DXA) and W = body weight (kg).

STATISTICAL ANALYSIS

Descriptive statistics were used: minimum, maximum and fre-
quency tables. Continuous variables were analyzed with the good-
ness of fit test of Shapiro Wilk test of homogeneity of variance. For 
variables that met normality assumptions we reported the average 
and standard deviation, otherwise the median and interquartile 
range were shown. Differences by gender and pubertal develop-
ment were analyzed using Student’s t test.

Each of the methods (isotopic dilution, DXA and plethysmog-
raphy BIA) were compared with the results of the 4C model. This 
comparison was made using the Lin (22) concordance coefficient 
and Bland-Altman method (23). The Bland-Altman analysis was 
calculated as the mean difference value between the reference 
(4C model) and each of the methods and the 95% distribution 
(confidence intervals).

A regression analysis was done to compare the 4C model and 
the simplest methods (isotope dilution, DXA, plethysmography 
and BIA) for determining BF%. The slopes and intercepts were 
assessed and the standard error of the estimate (SEE) was cal-
culated. p < 0.05 was established as the cutoff for statistical 
significance. The study data were analyzed using STATA program 
version 10.1 (24).

RESULTS

Physical and body composition of the sample by gender and 
pubertal development characteristics are shown in table I. There 
was no interaction between sex and pubertal development. 
However, several significant sex differences were found. Boys 
had significantly higher values   in the variables: age, weight, 
height, total body water and bone mineral density. As well, in 
body composition for both BF (kg) and (fat free mass) FFM 
in kg and percentage for the 4C model, isotopic dilution, DXA, 
BIA and plethysmography. Also, boys had higher values in the 
determination of BF% by BIA. Similarly, there were significant 
differences associated with pubertal development. Both males 
and females with advanced puberty, showed significantly higher 
results in age, weight, height, total body water and bone mineral 
density. BF (kg) and FFM (kg) in the 4C model, isotope dilution, 
DXA, BIA and plethysmography. Lean mass (%) for boys only in 
the BIA and 4C model. Girls with pubertal development I and II 
had significantly higher values   of FFM (%).

Lin coefficients for the different methods estimating BF% 
compared to the “gold standard” 4C model, by sex and pubertal 
development are shown in table II. Males in stage I and II, had 
concordance coefficients ranging between 0.352 and 0.866 and 
between 0.721 and 0.959 for stage III and V. In males, the great-
est agreement was obtained with DXA (stage I and II) and isotope 
dilution in stage III and V. The lowest concordance was observed 
for the BIA (0.352 and 0.721 for boys and girls, respectively). In 
females of all stages, the greatest agreement was with plethys-
mography.

Table III shows the R2 value, intercepts and slopes for the re-
gressions for BF% according to the 4C model and each of the dif-
ferent methods, along with SEE stratified by gender and pubertal 
development. R2 values were high for males, mainly in stage III 
and V. Each method explained between 43-87% of the variance 
in BF% for males in stage I and II and 78-96% for males in 
stage III and V.

In both groups of children, the slopes differed significantly from 
1 except for plethysmography. Lower values of SEE were observed 
in stage III and V males.
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In girls, the highest R2 values were observed with the plethys-
mography method for all stages of pubertal development. Each 
method explained 34-92% of the variance in female BF% for 
stage I and II and 63-93% for girls in stage III and V, respectively.

Figure 1 presents the analysis of specific agreement by Bland 
and Altman test in estimating BF% between the 4C model and 
the other methods (isotopic dilution, DXA and plethysmography 
BIA). In males, an underestimation of BF% with DXA and plethys-

Table I. Body composition and physical characteristics of the sample, by sex and pubertal 
development

Variable
Boys Girls

Genital I & II (n = 19) Genital III & V (n = 14) Breast I & II (n = 5) Breast III & V (n = 23) 

Age (years)1,2 11.5 ± 1.1 13.6 ± 1.0 8.4 ± 0.8 11.5 ± 1.7

Weight (kg)1,2 60.9 ± 13.5 76.3 ± 11.7 38.5 ± 5.1 58.2 ± 14.3

Height (cm)1,2 149.4 ± 12.0 161.4 ± 4.8 131.1 ± 3.7 147.8 ± 8.0

Total body water (L)1,2 26.9 ± 5.5 35.6 ± 5.0 17.8 ± 2.1 25.6 ± 5.2

Bone mineral density (kg)1,2 1.8 ± 0.5 2.4 ± 0.3 1.2 ± 0.1 1.7 ± 0.4

4-Component model
 BF (%)
 BF (kg)1,2

 FFM (%)1,2

 FFM (kg)1,2

 Isotopic dilution BF (%)
 Isotopic dilution BF (kg)1,2

 Isotopic dilution FFM (%)
 Isotopic dilution FFM (kg)1,2

 DXA BF (%)
 DXA BF (kg)1,2

 DXA FFM (%)
 DXA FFM (kg)1,2

 Plethysmography BF (%)
 Plethysmography BF (kg)1,2

 Plethysmography FFM (%)
 Plethysmography FFM (kg)1,2

 BIA BF (%)1,2

 BIA BF (kg)1,2

 BIA FFM (%)1,2

 BIA FFM (kg)1,2 

41.2 ± 6.0
25.3 ± 7.9
58.8 ± 6.0
35.6 ± 7.7
40.3 ± 5.7
24.8 ± 7.8
59.7 ± 5.7
36.1 ± 7.3
41.5 ± 5.6
25.6 ± 8.2
58.5 ± 5.6
35.3 ± 6.7
44.4 ± 6.7
27.2 ± 8.3
55.6 ± 6.7
33.7 ± 8.0
34.8 ± 4.4
21.3 ± 6.6
61.6 ± 4.4
39.6 ± 8.1

36.9 ± 7.9
28.6 ± 9.3
63.1 ± 7.9
47.7 ± 6.4
36.8 ± 6.7
28.4 ± 8.2
63.2 ± 6.7
47.9 ± 6.8
39.0 ± 7.0
30.1 ± 8.8
61.0 ± 7.0
46.2 ± 6.5
39.2 ± 9.0

30.6 ± 10.5
60.8 ± 9.0
45.7 ± 5.9
36.3 ± 4.1
28.0 ± 7.0
63.7 ± 4.1
48.3 ± 5.6

37.2 ± 4.3
14.4 ± 3.1
62.8 ± 4.3
24.1 ± 2.6
39.9 ± 3.6
15.4 ± 2.9
60.1 ± 3.6
23.1 ± 2.7
38.3 ± 3.0
14.8 ± 2.8
61.7 ± 3.0
23.7 ± 2.6
39.1 ± 6.1
15.2 ± 3.6
60.9 ± 6.1
23.3 ± 7.3
35.2 ± 4.9
13.7 ± 3.5
64.8 ± 4.9
24.8 ± 1.8

40.4 ± 6.2
24.1 ± 8.5
59.6 ± 4.3
34.1 ± 6.9
41.3 ± 4.3
24.4 ± 7.8
58.7 ± 4.3
33.8 ± 7.1
41.6 ± 4.7
24.6 ± 8.0
58.4 ± 4.7
33.6 ± 6.9
42.6 ± 7.9
25.5 ± 9.5
57.4 ± 7.9
32.7 ± 7.0
41.5 ± 4.7
24.7 ± 8.4
58.5 ± 4.7
33.5 ± 6.3

x: mean; SD: standard deviation.
1Significant difference by sex, p < 0.05. 2Significant difference by pubertal stage, p < 0.05.

Table II. Coefficient of concordance between the four compartment model and different 
methods to estimate total body fat, adjusted for sex and pubertal development

Variable Boys Girls

Genital I & II (n = 19) Genital III & V (n = 14) Breast I & II (n = 5) Breast III & V (n = 23)

r* Dif+ [95% CI] r Dif [95% CI] r Dif [95% CI] r Dif [95% CI]

Isotopic dilution 0.851 0.941 -5.04-6.92 0.959 0.155 -3.93-4.24 0.689 -2.684 -6.420-1.052 0.809 -0.861 -7.081-5.359

DXA 0.866 -0.241 -6.10-5.62 0.886 -2.124 -7.81-3.56 0.722 -1.052 -6.129-4.025 0.785 -1.116 -7.857-5.625

Plethysmography 0.819 -3.172 -7.92-1.58 0.932 -2.359 -6.333-1.614 0.838 -1.952 -6.347-2.444 0.893 -2.151 -7.086-2.785

BIA 0.352 6.449 -2.41-15.31 0.721 0.596 -8.56-9.75 0.516 2.059 -6.30-10.42 0.754 -1.041 -8.351-6.270

*r: correlation; +95% CI: confidence interval.



1120 F. Vásquez et al.

[Nutr Hosp 2016;33(5):1116-1122]

mography was observed. Isotope dilution overestimated by 0.941 
for stage I and II and 0.155 for stages III and V, implying a lack of 

agreement. Also in males, we observed an overestimation of FM 
(fat mass) by 6.449 for stages I and II and 0.596 for stages III & V, 

Table III. Regression analysis modeling different methods to estimate total body fat mass, 
adjusted for sex and pubertal development

Variable
Boys Girls

Genital I & II (n = 19) Genital III & V (n = 14) Breast I & II (n = 5) Breast III & V (n = 23)

R2 Intercept Slope SEE R2 Intercept Slope SEE R2 Intercept Slope SEE R2 Intercept Slope SEE

Isotopic dilution 0.75 -1.29 1.06 0.07 0.94 -6.19 1.17 0.02 0.81 -11.33 1.22 0.22 0.77 -19.08 1.44 0.06

DXA 0.75 -2.79 1.06 0.06 0.87 -6.93 1.12 0.07 0.66 -18.71 1.46 0.23 0.69 -14.39 1.32 0.07

Plethysmography 0.87 1.63 0.89 0.07 0.96 2.61 0.87 0.03 0.92 9.09 0.72 0.23 0.93 7.13 0.78 0.03

BIA 0.43 -5.51 1.34 0.12 0.78 -32.34 1.91 0.08 0.34 6.23 0.88 0.34 0.63 -13.91 1.31 0.09

All slopes are significantly different from 1 (p < 0.05).

Figure 1. 

A: Difference in BF% from 4 compartment (4C) model - Isotopic dilution (D
2
O dilution) model vs. Average BF% (4C + D

2
O dilution) /2. B: Difference in BF% from 4C model - 

Dual-energy X-ray absorptiometry (DXA) model vs. Average BF% (4C + DXA) /2. C: Difference in BF% from 4C model - Plethysmography (BOD POD) vs. Average BF% (4C + 
Plethysmography) /2. D: Difference in BF% from 4C model - BIA vs. Average BF% (4C + BIA) /2.

○, Breast I & II female subjects; ●, Breast III & V female subjects; ∆, Genital I & II male subjects; ▲, Genital III & V male subjects. 

Observed average agreement

Observed average agreementObserved average agreement

Observed average agreement 95% limits of agreement

95% limits of agreement95% limits of agreement

95% limits of agreement
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where there is clear disagreement between both measurements. 
For girls in stage III and V, we observed an overestimation (2.059) 
in total BF% estimated by BIA.

DISCUSSION

Most methods for assessing body composition are 2C and in-
volve measuring one compartment and body weight difference with 
another is estimated (e.g., total BF is evaluated and fat free mass 
is obtained). These methods incorporate theoretical assumptions 
about the composition of lean tissue, which are not valid in all cases, 
especially not in the context of obesity and during growth. Therefore, 
to minimize error, a combination of measurements is suggested to 
determine body composition. The 4C model allows the quantification 
of BF and lean mass, with a degree of precision not achievable 
with a single method (21). Methods has been demonstrated that 
there are Significant differences in the properties of fat-free tissue 
in obese, compared to normal weight, children and adolescents 
have been demonstrated (25-27). Hydration increases and density 
is lower in lean tissue of obese, compared to normal weight, indi-
viduals (25). These differences have been attributed in part to the 
expansion of extracellular water space (28,29); but also to lower 
bone mineralization (30). In this study, the 4C model was used as 
the gold standard to verify the validity of methods for 2C models in 
estimating total BF% in obese boys and girls with different levels 
of development of secondary sex characteristics. It is important to 
have methods that estimate BF% in school age and adolescent 
children because, even at the same weight, the risk of developing 
cardiovascular problems is increased with higher proportion of BF 
and lower lean mass ratio (31).

In our study, the best matching methods of the 2C and 4C 
models were obtained with DXA and isotopic dilution. Males in 
stage I & II with DXA (r = 0.87) and stage III & V males with isotope 
dilution (r = 0.95). In contrast, girls in both categories of pubertal 
development, the best agreement was obtained with plethysmog-
raphy (I & II females r = 0.84 and r = 0.89 for the group III & V). 
These results are comparable to those obtained in a British study, 
conducted with 30 obese adolescents aged 14.10 ± 1.83 years. 
In boys, the correlation with plethysmography was r = 0.97 and 
r = 0.96 for DXA and isotope dilution, respectively. For girls, high-
est agreement was with plethysmography (r = 0.94) (32). An 
American study, which evaluated 25 children 11.4 ± 1.4 years, 
the model showed greater concordance with isotope dilution was 
4C (r = 0.98), plethysmography (r = 0.97) and DXA (r = 0.95) 
(33). A study conducted with Mexican adolescents in school-age 
children (12.2 ± 2.0 years), showed greatest concordance with 
DXA, regardless of gender and pubertal stage (r = 0.95) (34).

In turn, in both sexes and stages of development, less agree-
ment and correlation was obtained between the BIA and the 4C 
model. Our findings are similar to those of Aguirre et al. (35) who 
studied 424 Chilean students between 7-10 years and described 
the inaccuracy of the BIA for body composition estimation in pre-
pubertal children. Bray et al. (36) also concluded that the BIA 
method was less acceptable.

The differences in BF% by pubertal stage, between the 2C 
and 4C models ranged from -3.17 to 6.50 in boys and girls and 
between -2.68 for 2.060 for both sexes.

Goran et al. (37) found underestimates similar to those reported 
in our study, from -6.45 (-7.37, - 5.53) and in the case of Deuren-
berg et al. differences ranged from +1.91 (1.18 to 2.63) (38).

One of the possible explanations for the limited functionality of 
the BIA for obese subjects may relate to the characteristics of the 
population in which the equations were created from. Differences 
in ethnicity, nutritional status, bone geometry, body composition 
and pubertal maturation may influence the relevance of the equa-
tions for other populations (21,39-41).

Our data are of particular interest because they allow for the 
comparison of validity of the models versus the gold standard (4C) 
to determine which methods are more reliable for assessing BF 
in obese adolescents of different pubertal development. In this 
cross-sectional study, comparing DXA and isotope dilution to the 
4C model, we found that Tanner III and V stage children had minor 
differences for isotope dilution compared with the gold standard 
and that DXA had the best comparison to the gold standard for 
Tanner I & II children. Thus, isotopic dilution and DXA seem to have 
the highest accuracy and reliability for measuring BF in obese 
children and adolescents.

One of the strengths of this research was utilizing four compart-
ments, which yields high precision and accuracy and is considered 
the gold standard in determining BF in vivo. Another advantage 
of the study was in the evaluation of differences in BF estimation 
using different methods, while considering gender and pubertal 
stage of development. However, a potential limitation is the narrow 
age range of the study group, which prevents extrapolation to a 
larger population.

In conclusion, it has been shown that isotopic dilution and DXA 
are methods sufficiently reliable compared to the gold standard 
method (4C) for determining BF% in obese children and ado-
lescents, considering sex and stage of pubertal development. In 
the case of isotope dilution, it is a simple method that can be 
performed on site (e.g., schools, health centers) and only requires 
that samples be sent to a laboratory for validation, if sites do 
not have equipment. DXA requires equipment that is available in 
clinical centers or hospitals, which facilitates the measurement 
of fat and bone mineral density in obese patients.

Being able to reliably assess BF, which is associated with other 
metabolic variables, in obese adolescents could encourage bet-
ter monitoring and thus help in the treatment of obese subjects. 
Moreover, we believe that having the proper methods is a contri-
bution to the nutritional surveillance of pediatric obesity, providing 
reliable information to estimate the change in adiposity, in the 
global assessment of nutritional status for obese adolescents.
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Resumen
Introducción: la coinfección con el virus de la hepatitis C (HCV) y el virus de la inmunodefi ciencia humana (HIV) puede comprometer el estado 
nutricional y causar defi ciencia de nutrientes.

Objetivo: evaluar el estado nutricional y la ingesta de energía y macronutrientes en pacientes coinfectados por el HCV/HIV (human immuno-
defi ciency virus).
Métodos: estudio transversal con pacientes coinfectados por el HCV/HIV de un hospital público. El estado nutricional se evaluó por mediciones 
de peso, altura, circunferencia de la cintura (CC), circunferencia del brazo (CB), pliegue cutáneo del tríceps (DCT), fuerza de prensión mano no 
dominante (FAM), índice de masa corporal (IMC) y circunferencia muscular del brazo (CMB). La evaluación del consumo de alimentos se realizó 
mediante encuesta de recordatorio de 24 horas.

Resultados: se evaluaron 57 pacientes (59,6% mujeres) con una edad media de 46 ± 11,2. De acuerdo con el IMC, más de la mitad de los 
participantes eran obesos o con sobrepeso. Además, el 40,9% de los hombres y el 67,6% de las mujeres tenían CC aumentada. La prevalencia 
de desnutrición varió entre los métodos: IMC (10,5%), CB (29,8%), DCT (56,2%), CMB (17,6%), FAM (12,3%). Hubo un alto porcentaje de 
consumo insufi ciente de proteínas, lípidos y energía. El porcentaje del valor energético total (%VET) de carbohidratos se asoció inversamente 
con las medidas de CC y CB. El %VET de proteínas se correlacionó positivamente con las medidas de FAM. El %VET de lípidos mostró una 
asociación positiva con el IMC, CC y CB.

Conclusión: se encontró una alta prevalencia del aumento de peso corporal y CC, y una ingesta dietética inadecuada. Se observó una asociación 
positiva entre la ingesta de proteínas y la función muscular, y entre la ingesta de grasa y la obesidad.

Abstract
Introduction: Hepatitis C virus (HCV) and human immunodefi ciency virus (HIV) coinfection may cause nutrient defi ciency and affect the nutritional 
status.

Objetive: To assess nutritional status, and energy and macronutrient intake in HCV/HIV coinfected patients.

Methods: Cross-sectional study on HIV/HCV-coinfected patients treated in a public hospital. Nutritional status was assessed by measurements 
of weight, height, waist circumference (WC), arm circumference (AC), triceps skinfold thickness (TST), non-dominant hand grip strength (NDHGS), 
body mass index (BMI) and mid-upper arm circumference (MUAC). Dietary intake was assessed by 24-hour recall.

Results: Fifty-seven patients (59.6% women) with mean age of 46 ± 11.2 years were studied. According to BMI, more than half of patients 
were overweight or obese, and 41% of men and 68% of women had increased or substantially increased WC. The prevalence of malnutrition 
varied between the methods –10.5% (BMI), 29.8% (AC), 56.2% (TST), 17.6% (MUAC), and 12.3% (NDHGS). We found a high percentage of 
patients with inadequate intake of protein, fat and energy. The percentage of total energy intake (%TEI) from carbohydrates inversely correlated 
with WC and AC. A positive correlation was observed between %TEI from protein and NDHGS, and between %TEI from fat and BMI, WC and AC.

Conclusion: We found a high prevalence of increased body weight and WC, and inadequate dietary intake in HCV/HIV coinfected patients. We 
observed a positive association between protein intake and muscle function, and between fat intake and obesity.
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INTRODUCTION

Hepatitis C virus (HCV) and human immunodeficiency virus 
(HIV) coinfection is a public health problem, that may cause nu-
trient deficiencies and affect nutritional status (1,2). HIV infection 
may exacerbate the clinical manifestations of HCV, increase the 
risk for cirrhosis, liver failure and hepatocellular carcinoma, and 
hence worsen the prognosis of these patients due to higher mor-
bidity and mortality (3).

Weight loss has been indicated as a marker of high risk for 
morbidity and mortality in HIV patients (4). Along with low food 
intake, it exacerbates energy-protein malnutrition and reduce life 
expectancy (5,6). Antiretroviral therapy (ART) has increased the 
life span among HIV-patients, although it has been associated 
with metabolic changes, including obesity, dyslipidemia, insulin 
resistance, hyperglycemia, and lipodystrophy, which are risk fac-
tors for cardiovascular diseases (7). In addition, the occurrence 
of some of these conditions, such as lipodystrophy may affect the 
diagnosis of the nutritional status.

Therefore, nutritional assessment is an important component 
of the ART, contributing to the management of obesity or malnu-
trition, and hence improving treatment tolerance and reducing 
the risk of opportunistic infections and cardiovascular diseases. 
The aim of the present study was to evaluate the nutritional sta-
tus by different methods and assess energy and macronutrient 
intake in HCV/HIV patients.

METHODS

This was a cross-sectional study using a convenience sample 
of HCV/HIV-coinfected patients, treated at the outpatient clinic of 
infectious diseases of a public hospital in the south of Brazil from 
August 2013 to June 2014.

Inclusion criteria were: HCV/HIV-coinfected patients, of both 
sexes, aged greater than 18 years. Diagnosis of hepatitis C and 
viremia were confirmed by the detection of anti-HCV antibodies 
and polymerase chain reaction, respectively. Diagnosis of HIV 
was confirmed according to the Ministry of Health ordinance 
no. 151 of 2009 (8). Exclusion criteria included patients in nutri-
tional therapy, patients with cirrhosis, psychiatric disorders, neu-
rological diseases (such as Alzheimer’s and Parkinson’s diseas-
es), digestion and absorption disorders (including inflammatory 
bowel disease and celiac disease) or electrolyte disorder (e.g. 
edema and/or ascites), and pregnant and lactating women.

Patients answered a questionnaire on HIV therapy and socio-
demographic data, including age, sex, educational attainment, 
marital status, and household income. Household income was 
classified according to the Brazilian Association of Research 
Companies criteria (9).

Nutritional status was assessed by measurements of body 
weight, height, triceps skinfold thickness (TST), arm circumfer-
ence (AM), waist circumference (WC), non-dominant hand grip 
strength (NDHGS), body mass index (BMI) and mid-upper arm 
circumference (MUAC).

Body weight was measured to the nearest 0.1 kg using a 
digital scale (150 kg capacity), and height was measured us-
ing a portable stadiometer. BMI was calculated by dividing body 
weight (kilograms) by the square of the height (meters), and 
categorized using the World Health Organization (WHO) cut-off 
values for adults (10) and the classification proposed by Lipschitz 
(11) for elderly patients. WC was measured once using a flexible 
anthropometric tape at the midpoint between the iliac crest and 
the lowest rib, on the mid-axillary line, and classified according 
to WHO criteria (12). AC and TST were measured at the midpoint 
between the acromion and the olecranon. TST was measured 
according to the protocol by Harrison et al. (13), and MUAC was 
calculated from the AC and TST measures. Patients were clas-
sified by AC, TST and MUAC based on the standards described 
by Frisancho (14).

Muscle function was assessed by NDHGS using a dynamometer. 
The measurements were taken in triplicate at 1-minute intervals 
with patients in the sitting position and the elbow (of non-dominant 
arm) flexed at 90 degrees. Patients were classified according to 
the reference values proposed by Budziareck et al. (15).

Dietary intake was assessed by 24-hour food recall. Three  
24-hour recalls were collected, including one weekend day or hol-
iday as an atypical day. The first was conducted face-to-face, with 
the aid of pictures of food portions (16). The other two were collect-
ed by telephone, with a mean of 20 days between the interviews. 
The percentage of total energy intake from each macronutrient 
was calculated using the Avanutri® software (Avanutri Ltda).

The recommendation of macronutrient intake for HCV/HIV con-
infected patients is not different from that for the general popula-
tion, i.e. 50%-60% of total energy intake (TEI) from carbohydrates 
and 30-35% from lipids. The recommended daily intake of protein 
is 1.2g of protein/kg body weight during the stable phase of dis-
ease (6), and of energy is 25 kcal/kg/day for obese or overweight 
patients, 35 kcal/kg/day for normal weight and 40 kcal/kg/day for 
malnourished patients (6, 17).

Normally distributed data according to Shapiro-Wilk test 
(p > 0.05) were analyzed using parametric statistics. Continuous 
variables were described as mean ± standard deviation, and dis-
crete variables, as absolute and relative frequency. Differences 
in nutritional status by sex were analyzed using the Pearson’s 
Chi-square test. Correlations between data of dietary intake 
were analyzed using Spearman’s rank correlation coefficient. 
Data processing and statistical analysis were performed using 
Microsoft Excel and the SPSS software version 19.0, respective-
ly. A significance level of 0.05 was set for the analyses.

The study was approved by the Ethics Committee of Conceição 
Hospital Group in Porto Alegre, Brazil (protocol number 11-226), 
and all participants signed the informed consent form.

RESULTS

Fifty-seven patients (59.6% women) with mean age of 46 ± 
11.2 years were studied. All patients were receiving ART, and 
35.2% belonged to social class D/E (Table I).
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According to BMI, 37% of patients were overweight, and 17% 
obese. Forty-one percent of men and 68% of women (p=0.002) 
were at risk of obesity-related metabolic disorders according to 
WC measurement. The prevalence of malnutrition varied be-
tween the methods –10.5% (BMI), 29.8% (AC), 56.2% (TST), 
17.6% (MUAC), and 12.3% (NDHGS) (Table II).

Daily energy intake was 100 kcal higher and 300 kcal lower 
than the mean recommended intake in men and women, re-
spectively. The intake of fat and carbohydrate was higher than 
recommended values, but insufficient in protein in men, whereas 
in women, the intake of the three macronutrients was lower than 
recommendations (Table III).

Significant correlations were found between the percentage of 
TEI from carbohydrate, protein and fat and the variables of nutri-
tional status (Table IV). The percentage of TEI from carbohydrate 
inversely correlated with WC (ρ = - 0.3660, p = 0.0076), and 
AC (ρ = - 0.3440, p = 0.0125). The percentage of TEI provid-
ed by protein positively correlated with NDHGS (ρ = 0.3531; 
p = 0.0102), and that provided by fat showed a positive corre-
lation with BMI ρ = 0.2987; p = 0.0315), WC (ρ = 0.3357; p = 
0.0150) and AC (ρ = 0.3727; p = 0.0065). The intake of protein 
(in g of protein / kg body weight /day) inversely correlated with TST 

(ρ = - 0.3168, p = 0.0221) and positively correlated with MUAC 
values ρ = 0.3175, p = 0.0218).

DISCUSSION

The present study identified a high prevalence of overweight 
and obesity in HCV/HIV coinfected patients. This finding is in 
agreement with the studies by Jame et al. (18) and Ladeira and 
Silva (19), which reported a prevalence of 30.5% and 32.5%, of 
overweight, respectively, in HIV patients. These results may be 
related to inadequate dietary intake, currently observed in the 
western culture, characterized by high consumption of saturated 
fat and refined sugar. In addition, chronic use of ART may cause 
several side effects, such as lipodystrophy and metabolic syn-
drome (20).

The high prevalence of malnutrition detected by TST meas-
ures and abdominal obesity by WC suggests the occurrence of 
lipodystrophy, which is commonly observed among HIV patients 
using ART, and is an important risk factor for noncommunicable 
diseases (20). In the study by Ladeira and Silva (19), WC was 
used as an indicator of abdominal fat accumulation, which was 
higher among women than men, similarly to our results. Also, the 
study found a predisposition of HIV patients to cardiovascular dis-
ease. Others have suggested that WC is associated with obesity- 
related adverse effects in these patients (21).

The prevalences of malnutrition detected by AC (30%) and 
MUAC (18%) measurements in our study were different from 
those found by Paim (22), who reported higher prevalence of 
malnutrition (51% by AC and 58% by MUAC) in HCV/HIV coin-
fected patients. However, since we studied HCV/HIV patients in 
the stable stage of disease and receiving ART, we would expect a 
relatively lower prevalence of malnutrition and a greater number 
of obese and overweight patients.

In addition, we also detected a 12.3% prevalence of malnu-
trition using hand grip strength. This relatively low percentage 
may also be related to disease stability and lack of complications 
related to coinfection. We did not find other studies on nutrition-
al assessment using this method in HCV/HIV patients. However, 
hand grip strength was indicated as the most sensitive method 
for diagnosing malnutrition in HCV cirrhotic patients by another 
study conducted in Brazil (23).

It is worth mentioning that different methods of nutrition-
al assessment, such as triceps skinfold thickness (TST) and 
mid-upper arm circumference (MUAC) measure different body 
components. TST, for example, indirectly evaluates energy fat 
stores, whereas MUAC assesses muscle mass. The presence 
of lipodystrophy may affect these measurements, due to a re-
duction in energy stores on upper limbs and increase of ab-
dominal adiposity. Therefore, the rates of malnutrition should 
be interpreted with caution in patients receiving ART. Also, we 
believe that hand grip strength should be included in the nu-
tritional assessment and follow-up of HCV/HIV patients, since 
it is a functional measure of the nutritional status, not affected 
by the ART.

Table I. Sociodemographic characteristics 
of hepatitis C/HIV coinfected patients

Variables n = 57 %

Sex

 Male 23 40.4

 Female 34 59.6

Educational attainment 

 < 8 years 35 61.4

 > 9 e < 11 years 16 28.1

 > 12 years 6 10.5

Marital status

 Single 22 38.6

 Married 24 42.1

 Divorced 9 15.8

 Widow/er 2 3.5

Social class (n = 54)*

 D/E (< BRL 895) 19 35.2

 C2 (BRL 896-1,277) 3 5.6

 C1 (BRL 1,278-1,865) 13 24.1

 B2 (BRL 1,866-3,118) 10 18.5

 B1 (BRL 3,119-6,006) 9 16.7

*3 patients did not answer the questionnaire.
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Table II. Classification of nutritional status of hepatitis C/HIV coinfected patients

Variables
Total (n = 57) Men (n = 23) Women (n = 35)

p-value**
n % n % n %

BMI (kg/m2) 0.958

 Malnutrition 6 10.5 2 8.7 4 11.8  

 Normal weight 20 35.1 9 39.1 11 32.4  

 Overweight 21 36.9 8 34.8 13 38.2  

 Obesity 10 17.5 4 17.4 6 17.6  

Waist circumference (cm)* 0.002

 Normal 24 42.9 13 59.1 11 32.4  

 Increased risk 14 25 8 36.4 6 17.6  

 Substantially increased risk 18 32.1 1 4.5 17 50  

Arm circumference (cm) 0.023

 Normal 40 70.2 12 52.2 28 82.3  

 Moderate malnutrition 9 15.8 7 30.4 2 5.9  

 Severe malnutrition 8 14 4 17.4 4 11.8  

Triceps skinfold thickness (mm) 0.139

 Normal 25 43.8 13 56.5 12 35.3  

 Moderate malnutrition 20 35.1 8 34.8 12 35.3  

 Severe malnutrition 12 21.1 2 8.7 10 29.4  

Mid-upper arm circumference (cm) 0.006

 Normal 47 82.4 15 65.3 32 94.1  

 Moderate malnutrition 7 12.3 5 21.7 2 5.9  

 Severe malnutrition 3 5.3 3 13 0 0  

Hand grip strength (kgf) 0.423

 Normal 50 87.7 19 82.6 31 91.2  

 Malnutrition 7 12.3 4 17.4 3 8.8  

*n = 56 (one patient had abdominal hernia). **Pearson’s Chi-square test.

Table III. Daily intake and percentage of inadequacy of energy and macronutrient intake  
in hepatitis C/HIV coinfected patients

Nutrients

Men (n = 23) Women (n = 34)

Daily intake Rec Inad Daily intake Rec. Inad

M DP M % M DP M %

Energy (kcal) 2231.4 803.9 2133.6 47.8 1529.5 501.6 1844.4 76.5

Carbohydrate (g) 310.8 124.9 293.4 21.7 213.9 73.1 253.6 11.8

Protein (g) 67.6 32 86.7 47.8 60 24.9 76 73.5

Fat (g) 94.3 30.8 71.1 69.6 48.2 20.4 61.5 58.8

M: mean; DP: standard deviation; Rec: recommendation; Inad: inadequacy; %: percentage of inadequacy.
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With respect to energy and macronutrient intake, although the 
mean intake of the study group was near the recommended val-
ues, we found a high percentage of patients with inadequate in-
take, especially among women. This result may be related to the 
occurrence of obesity, overweight and even malnutrition. A study 
by Carreira and Pereira (24) on the nutritional status of HCV pa-
tients, showed a direct relationship between excessive weight 
and fat intake. This result is in accordance with our findings, 
which showed a correlation between the intake of this macronu-
trient and BMI, WC and AC. Therefore, a lipid-rich diet is related 
to energy storage, which is important in cases of malnutrition, but 
a risk factor for obesity and overweight in this population.

Protein intake was associated with higher values of NDHGS, 
suggesting an inverse relationship between the intake of this 
macronutrient and malnutrition. Protein metabolism disorders 
have been associated with chronic liver disease, due to a re-
duction in hepatic function and increased catabolism. Low pro-
tein intake can cause malnutrition, which is related to higher 
mortality index (6).

There were a number of limitations which should also be not-
ed. We used the 24-hour food recall to assess dietary intake, 
which is a method that relies on subjects’ memory (25). Also, 
the administration of the instrument by telephone may affect the 
reliability of the results due to the difficulty in estimating portion 
size (26). However, previous studies have shown that 24-hour 
dietary recall can be conducted successfully both face-to-face or 
over the phone (27-29).

CONCLUSION

In the present study on HCV/HIV coinfected patients, altered 
nutritional status was detected in these patients, with high prev-
alence of overweight, obesity and increased WC, and inadequate 
intake of macronutrients and energy. Protein intake was directly 

related to muscle function, whereas excessive fat intake was re-
lated to high obesity rates in this population.

Different malnutrition indexes were found according to the 
method of assessment employed. Due to lipodystrophy caution 
should be taken in interpreting results of anthropometrical index-
es in clinical practice and functional measures should be taken 
into consideration in individual assessments.
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Resumen
Objetivo: el objetivo de este estudio es evaluar la validez y la fi abilidad de los métodos utilizados para medir el consumo de bebidas de los 
adultos correctamente. 

Método: este estudio transversal fue conducido con 291 voluntarios sanos. El cuestionario de consumo de bebidas (BIQ) fue desarrollado 
como una nueva encuesta con la adición de las bebidas más consumidas por la población turca en términos de frecuencia y cantidad. Los 
participantes realizaron el cuestionario BIQ1 en la primera reunión y después se tomaron muestras de orina con el fi n de determinar la densidad 
urinaria (USG). Se registró la validez, el tipo y la cantidad de alimentos y bebidas consumidos por los participantes en el mismo día y dos días 
antes. Para comprobar la fi abilidad, se realizó a los participantes el mismo cuestionario de consumo de bebidas (BIQ2) dos semanas más tarde. 

Resultados: el consumo total diario de líquidos fue estimado en 1.773 ± 49,4 ml por los registros de alimentos (DIR), en 2.120 ± 49,5 ml por el 
BIQ1 y en 1.990 ± 46,3 ml por el BIQ2. La mayor contribución a la ingesta total de líquidos es debida al agua. Ambas herramientas de evaluación 
(DIR y BIQ1) mostraron una correlación signifi cativa en todas las bebidas con excepción de las bebidas alcohólicas (p < 0,01). Una de la correlación 
más signifi cativa se encontró en el consumo total de líquidos entre BIQ1 con BIQ2 (r = 0,838, p < 0,01). Se encontró que la medición de la 
USG está correlacionada negativamente con las tres herramientas (DIR, BIQ1 ve BIQ2) de evaluación para el agua y la ingesta total de líquidos. 

Conclusión: los cuestionarios para evaluar el estado de hidratación o y los hábitos de consumo de bebidas en adultos pueden ser de utilidad 
para aquellos investigadores interesados.

Abstract
Objective: The purpose of this investigation is to test the validity and reliability the assessment methods for the true beverage consumption of 
adults.

Methods: This cross-sectional study was carried out 291 healthy volunteers. The beverage intake questionnaire (BIQ) was prepared in combination 
with a new one which is developed based on basic principles and the existing one developed for the beverages consumed the most with respect 
to frequency and amount by Turkish populations. During the initial visit the participants completed BIQ1 and then provided a urine sample to 
determine urinary specifi c gravity(USG). For validity, participants recorded the type and quantity of foods and beverages consumed on the same 
day and previous two days. Two weeks later, for reliability, participants completed the same beverage intake questionnaire (BIQ2).

Results: Mean daily total fl uid intake was estimated at 1,773 ± 49.4mL using the dietary intake record (DIR), 2,120 ± 49.5 mL with BIQ1 and 
1,990 ± 46.3 mL for BIQ2. The largest contribution to total fl uid intake was plain water. The response on the two assessment tools (DIR and BIQ1) 
all beverage intakes were signifi cantly correlated (p < 0.01) except for alcoholic beverage intake. One could see a signifi cant correlation between 
BIQ1 and BIQ2 in relation to total fl uid intakes (r = 0.838,p < 0.01). The USG measurement was negatively correlated with three assessment 
tools (DIR, BIQ1 and BIQ2), the amount of plain water and the amount of total fl uid intake.

Conclusions: The self-administered instrument described in this study may be useful for researchers interested in assessing habitual beverage 
consumption patterns or evaluating hydration status for adults.
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INTRODUCTION

Total fluid intake and its biomarkers have been associated with 
health and hydration status (1). Therefore, it is important to bal-
ance the hydration status of individuals in terms of health and 
function as it provides an indication regarding drinking behavior.

Guidelines for adequate total water intake for the general adult 
population have been proposed by several international govern-
ing bodies. Yet these recommendations are based on population 
median water intakes, with limited consideration of links between 
water intake and hydration status and without links between wa-
ter intake and health. Moreover, the recommendations do not 
provide a method for individuals to ensure that they are consum-
ing enough water to meet their specific hydration needs (2,3).

Establishing the adequacy of fluid intake based on physiological 
indicators of hydration is challenging, because there are multiple 
biological indicators of hydration in average adults in free-living 
conditions, each sensitive to a different aspect of hydration. Another 
common hardship in this area is a reliance on self-reported mea-
sures of habitual intake (4,5). Various markers have been proposed 
to assess the state of hydration (plasma osmolality, urine specif-
ic gravity (USG), urine osmolality), which can be used in different 
laboratory conditions, clinical practice or sports. However, to date, 
there has been no universally accepted biomarker that reflects an 
increase in hydration status in response to an increase in beverage 
intake. Therefore, no markers are defined as gold standard (4,6).

Interest in the type and quantity of beverage consumption is not 
new, and numerous approaches have been used to assess bever-
age intake, but the validity of these approaches has not been well 
established. While some research objectives have focused on the 
assessment of beverage-associated nutrients or intakes of individual 
beverages, other investigators have extrapolated beverage intakes 
from previously collected diet records or diet questionnaires (7,8). 
The available questionnaires were designed to measure beverage 
intake in children and adolescents, and most do not exclusively mea-
sure beverage intake (9). There is currently no rapid method for de-
termining habitual beverage intake in Turkish adults. A brief, self-ad-
ministered, valid and reliable beverage intake assessment tool could 
enhance nutrition research targeting beverage intake patterns. Thus, 
our objective is to test the validity and reliability of a newly developed 
self-administered beverage intake questionnaire (BIQ) as compared 
to dietary intake records (DIRs) and USG.

METHODS

PARTICIPANTS

This cross-sectional study was carried out on a haphazard sample 
of 291 volunteers (56% male and 44% female) whose ages ranged 
between 19 and 55 (31.4 ± 10.1 years), located in Ankara, Turkey, 
between October and December 2014. Most participants (about 
59%) were educated to secondary school level. A total of 331 sub-
jects took part in the study, with 321 subjects completing both the 
beverage intake questionnaire (BIQ) and the dietary intake records 

(DIRs), and providing a urinary sample, and 30 subjects being ex-
cluded because of an energy intake below 900 kcal or greater than 
5,000 kcal. The completion rate was 88%. The inclusion criteria for 
the study were absence of major diseases affecting nutritional status 
or the ability to keep a diet record, and no major diet changes in the 
past 6 months. Exclusion criteria included use of medication likely to 
interfere with water balance, such as hypertensive or diuretic treat-
ment; history of metabolic or gastrointestinal disease; renal, hepatic 
or cardiac failure; abstention from strenuous physical activity; or high 
daily consumption of alcohol (more than two units or three units per 
day for women and men, respectively). Information on self-reported 
age (year), height (cm), weight (kg), education and profession was 
also collected. Body mass index (BMI) was calculated and partici-
pants were classified, according to their BMI, into three groups as 
underweight (BMI ≤ 18.5 kg/m2), normal weight (BMI: 18.5-24.9 kg/
m2) and overweight (BMI > 25.0 kg/m2) (10).

The study was conducted according to the guidelines set out 
in the Declaration of Helsinki, and written informed consent was 
obtained from all subjects.

DIETARY ANALYSIS

Participants were visited twice in a 15-day period. During the 
initial visit, participants completed the beverage intake question-
naire (BIQ1) and then provided a urine sample to determine USG. 
Participants recorded the type and quantity of food and bever-
ages consumed on the same day and following two days, which 
were consecutive –in total, 24-hour dietary records (DIRs). Two 
weeks later, on the second visit, participants completed the same 
beverage intake questionnaire (BIQ2).

The beverage intake questionnaire (BIQ) was adapted from He-
drick (11) and the most recent form consisted of the beverages 
consumed the most with respect to the frequency and amount by 
Turkish populations. The BIQ estimates habitual mean daily intake 
of water and beverages across 17 beverage categories [including 
water (plain), black and herbal tea, Turkish and instant coffee, but-
termilk/kefir, milk (whole, reduced-fat, low-fat/skimmed), soda, cola 
and soft drinks (regular/diet), fruit juice drinks (natural/flavored), 
vegetable juice, sport drinks, energy drinks, most alcoholic beverag-
es: beer (light, regular), raki, wine, mixed alcoholic drinks] plus one 
open-ended section for “other” beverages not listed. The BIQ in-
cluded how often, which kind, what amounts and which portion size 
questions for each beverage. The frequency of servings was classi-
fied from “never” to “how many times a day/week/month” and the 
kind was categorized as diet/natural with or without sugar/cream, 
etc. In terms of amounts, common beverage sizes and amount used 
depended on beverages kinds (e.g. glass, bottle, box, can etc, and 
for portion size we used small, medium and large sizes).

URINE ANALYSIS

All visits were conducted between 6 and 12 a.m. to avoid 
the differences in USG measurements that may occur through-
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out the day. USG, an objective indicator of total fluid intake (hy-
dration status and compliance), was determined using a hand-
held refractometer (ATAGO 4410 Digital Urine Specific Gravity 
Refractometer, Bellevue, WA). A urine sample from a “hydrated” 
subject typically falls within the range of 1.005 to 1.030 (12). All 
participants were completed the urine measurement.

DATA ANALYSIS

The analyses were performed using the SPSS package pro-
gram version 15.0 (SPSS, Inc., Chicago, IL, USA). Descriptive sta-
tistics (mean ± standard error of the mean (SEM)) are reported for 
mean total consumption of beverage and beverage categories. To 
assess validity, the BIQ1 (test) responses were compared to DIR 
responses, and, for assessing reliability (retest), BIQ1 responses 
were compared to BIQ2. Spearman correlation coefficients were 
calculated to determine the strength of the relationship between 
DIR and BIQ1, and BIQ1 and BIQ2, and among associated spe-
cific gravity (USG).

The agreement between BIQ and DIR, and BIQ1 and BIQ2, was 
calculated using the intra-class correlation coefficient (ICC) and 
the Cronbach’s alpha statistic. Each Cronbach’s alpha statistic 
was compared with recognized standards of agreement as fol-
lows: “fair” (< 0.4), “moderate” (0.4-0.75), “good” (0.75-0.90) 
and “perfect” (> 0.90) (13). Bland-Altman plots were also gen-
erated and the mean difference (BIQ1-DIR) and limits of agree-
ments (2 SD of the mean difference) were interpreted. This was 
performed using MedCalc for Windows, version 9.6.0.0 (Med-
Calc Software, Mariakerke, Belgium). p-values of < 0.01 and 
< 0.05 (two-tailed) were regarded as statistically significant.

RESULTS

The mean BMI of participants was 24.2 ± 4.05 kg/m2. Over 
half (54.3%) of our sample had a normal weight, while 40.2% 
were overweight. The mean daily total fluid intake and kinds of 
beverage are given in table I. Mean daily total fluid intake was 
estimated at 1773 ± 49.4 mL using the DIR, 2,120 ± 49.5 mL 

Table I. Mean daily total fluid intakes and correlations between intakes reported on DIR 
and BIQ1 and BIQ2

Beverages 
(mL)

Validity a Reliability b

DIR
Mean ± SEM

BIQ1  
Mean ± SEM

Correlation 
(r)

Difference
with BIQ1

Mean ± SEM

BIQ2
(re-test) 

Mean ± SEM

Correlation 
(r)

Difference 
with BIQ1 

Mean ± SEM

Water, plain 1029 ± 37.2 1135 ± 36.4 0.744* -106 ± 25.4 1103 ± 34.4 0.850* 32 ± 19.0

Tea, black 483 ± 26.9 561 ± 28.2 0.662* -78 ± 24.5 513 ± 24.1 0.857* 48 ± 17.7

Tea, herbal 18 ± 4.3 32 ± 4.8 0.527* -14 ± 3.1 32 ± 4.9 0. 929* -0.3 ± 1.5

Coffee, Turkish 6 ± 1.5 12 ± 1.5 0.416* -6 ± 1.4 10 ± 1.3 0.905* 1.5 ± 0.6

Coffee, Instant 41 ± 6.9 53 ± 6.8 0.599* -12 ± 5.2 49 ± 6.3 0.880* 4 ± 2.1

Buttermilk/kefir 46 ± 5.6 63 ± 3.7 0.314* -17 ± 5.2 57 ± 3.3 0.882* 7 ± 2.1

Milk 17 ± 3.8 43 ± 4.8 0.379* -25 ± 3.7 41 ± 4.7 0.912* 1.4 ± 1.6

Soda 24 ± 3.8 56 ± 4.9 0.480* -32 ± 4.2 54 ± 4.9 0.881* 2 ± 2.2

Cola 30 ± 6.1 55 ± 6.1 0.480* -26 ± 2.7 49 ± 5.3 0.992* 6 ± 2.5

Soft drinks 38 ± 6.5 29 ± 4.4 0.441* 9 ± 7.5 16 ± 2.9 0.854* 13 ± 3.3

Fruit juices 40 ± 6.3 64 ± 6.6 0.503* -25 ± 3.8 56 ± 6.4 0.887* 9 ± 2.2

Vegetable juices 1 ± 0.7 1.5 ± 0.7 0.742* -0.3 ± 0.1 1.3 ± 0.7 0.857* 0.2 ± 0.1

Sport drinks 0.05 ± 0.03 0.5 ± 0.2 0.777* -0.4 ± 0.2 0.5 ± 0.2 0.896* 0.1 ± 0.01

Energy drinks 0.9 ± 0.69 3 ± 1.5 0.605* -2 ± 0.8 3 ± 1.4 0.803* 0.3 ± 0.3

Beer 0 ± 0 10 ± 2.9 0 -10 ± 2.9 5 ± 1.6 0.872* 5 ± 2.4

Rakı 0 ± 0 2 ± 0.9 0 -2 ± 0.9 0.3 ± 0.2 0.779* 2 ± 0.9

Wine 0 ± 0 0.6 ± 0.4 0 -0.6 ± 0.4 0.02 ± 0.02 0.287* 0.6 ± 0.4

Total fluid intake 1773 ± 49.4 2120 ± 49.5 0.723* -347 ± 37 1990 ± 46.3 0.838* 130 ± 27
a Validity was assessed by comparing dietary intake recall (DIR) with beverage intake questionnaire (BIQ1) results.
b Reliability was assessed by comparing BIQ1 and BIQ2.
*p < 0.01
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with BIQ1 and 1,990 ± 46.3 mL per day for BIQ2. Differences in 
total fluid intake between DIR and BIQ1 were -347 ± 37 mL per 
day and differences between BIQ1 and BIQ2 were 130 ± 27 mL 
per day (Table I).

When analyzing table I, the responses in the two assessment 
tools (DIR and BIQ1 = validity) were significantly correlated (all 
beverages p < 0.01) except for alcoholic beverages (beer, raki 
and wine). The correlation coefficients between the DIR and BIQ1 
ranged from 0.314 (buttermilk/kefir) to 0.777 (sport drinks). Sig-
nificant correlations were detected between all BIQ1 and BIQ2 
variables, although the correlation for wine was lower than that 
for other beverage categories. The correlation coefficients be-
tween BIQ1 and BIQ2 ranged from 0.287 (wine) to 0.992 (cola) 
(p < 0.01). And a significant correlation was found between DIR 
and BIQ1 (r = 0.723, p < 0.01) and between BIQ1 and BIQ2 in 
total fluid intakes (r = 0.838, p < 0.01).

The largest contributor to total fluid intake was plain water, 
representing 58.6 ± 1.12%, 53.0 ± 0.9% and 55.0 ± 0.9% of 
DIR, BIQ1 and BIQ2. Other beverage types that accounted for 
more than 10% of total fluid intake were hot beverages (tea and 
coffee) (14.0 ± 19%) and sweetened beverages (cola, soda, soft, 
sport and energy drinks) (12.0 ± 19%). Milk, diet beverages, 
flavored water and alcohol made up the remaining 13% of fluid 
intake.

The mean ± SEM for USG was 1.019 ± 0.0003 mOsm/kg. 
While 55.3% of individuals had a normal hydration status, 5.9% 
were cases of dehydration (≤ 1.005).

Spearman’s correlations were calculated for participants with 
complete USG and three assessment tools (DIR, BIQ1 and BIQ2) 
(table II). USG measurement was negatively correlated with three 
assessment tools (DIR, BIQ1 and BIQ2), with amounts of plain 
water (respectively, r = -0.237, p = 0.000; r = -0.208, p = 
0.000; r = -0.135, p = 0.021) and with amounts of total fluid 
intake (respectively, r = -0.126, p = 0.032; r = -0.160, p = 
0.006; r = -0.112, p = 0.041) (Table II).

Comparing DIR and BIQ1, the agreement was classified ac-
cording to Cronbach’s alpha statics as “perfect” on cola, fruit 
juices and vegetable juices; as “good” on water, black tea, in-
stant coffee, milk, energy drinks and total fluid intake; and as 
“moderate” on Turkish coffee, buttermilk/kefir, soda and sports 
drinks. Comparing BIQ1 and BIQ2, the agreement was classified 
as “perfect” on 14 items and as “good” on 3 items (Table III).

The Bland-Altman plot for total fluid intake showed that the agree-
ment between the DIR and BIQ1 in Figure 1 and BIQ1 and BIQ2 in Fig-
ure 2 was dependent on intake level. Differences in the daily intake of 
total fluid with DIR and BIQ1; BIQ and BIQ2 plotted against the mean 
daily intake estimated by the two methods. Mean difference and 95% 
limits of agreement (1.96 × SD of mean difference) are included.

These plots show that the DIR and BIQ1 and BIQ1 and BIQ2 
are very likely to agree on total fluid intake, since the range ob-
tained for the 95% limits of agreement was -890.6 + 1,583.8 
for DIR-BIQ1 and -776.7 + 1037.5 for BIQ1-BIQ2 in total fluid 
intake. The observed limits of agreement are quite strongly influ-
enced by a few outliers (Figs. 1-2).

Table II. Spearman’s correlations between USG and DIR, BIQ1 and BIQ2

Beverages DIR BIQ1 BIQ2

r p r p r p

Water, plain -0.237 0.000 -0.208 0.000 -0.135 0.021

Tea, black 0.048 0.411 -0.033 0.573 -0.040 0.495

Tea, herbal 0.131 0.056 0.054 0.362 0.040 0.500

Coffee, Turkish 0.070 0.231 0.047 0.421 0.049 0.405

Coffee, Instant -0.078 0.184 -0.030 0.614 -0.021 0.722

Buttermilk/kefir -0.021 0.717 -0.070 0.232 -0.030 0.616

Milk 0.033 0.580 -0.152 0.059 -0.126 0.052

Soda 0.030 0.612 -0.025 0.676 -0.004 0.943

Cola -0.010 0.870 -0.017 0.771 0.007 0.910

Soft drinks -0.015 0.793 -0.125 0.052 -0.122 0.058

Fruit juices 0.063 0.285 0.023 0.698 0.022 0.713

Vegetable juices -0.114 0.052 -0.094 0.111 -0.058 0.320

Sport drinks 0.026 0.659 0.041 0.481 0.011 0.852

Energy drinks 0.031 0.604 -0.410 0.555 0.039 0.506

Beer 0 0 0.009 0.873 0.030 0.608

Rakı 0 0 -0.095 0.108 -0.056 0.338

Wine 0 0 0.014 0.809 -0.092 0.119

Total fluid intake -0.126 0.032 -0.160 0.006 -0.112 0.041
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DISCUSSION

The purpose of this study was to assess the hydration status 
with rapid, accurate and simple beverage intake questionnaire and 
to determine the validity and reliability of it’s in healthy, sedentary 
individuals. This questionnaire was designed to capture the usual 
beverage intake. Dietary records have been used successfully to 
estimate energy and nutrient intakes. Numerous dietary records 
have been used to assess beverage intake. Some research objec-
tives have extrapolated beverage intakes from previously collected 
diet records or diet questionnaires (7,8,14). Other investigators 
have focused on the assessment of beverage associated nutrients 
or intakes of individual beverages (15,16). In addition, three days of 
recalls or records may not adequately represent total fluid intake or 
kinds of beverage, particularly for items that have high intra-indi-
vidual variation (i.e. are consumed sporadically) (17). Moreover, the 
validity of these approaches has not been well established.

In this study, compared with the dietary intake record, the 
BIQ tended to over-report total fluid intake by 346.6 mL. When 
the difference between BIQ1 and BIQ2 was analyzed, the BIQ1 
over-reporting was only 130.4 mL. Comparing DIR and BIQ1, the 
total fluid intake agreement was classified as “good” and “per-

fect” according to Cronbach’s alpha statics respectively compar-
ing DRI-BIQ1 and BIQ1-BIQ2.

Table III. Intra-class correlation coefficients (ICC) (95% confidence interval) and Cronbach 
alfa between DIR- BIQ1 and BIQ1-BIQ2

Beverages
DIR-BIQ1 BIQ1-BIQ2

ICC 95%CI Cronbach alfa ICC 95%CI Cronbach alfa

Water 0.765 0.713-0.809 0.867 0.859 0.825-0.886 0.924

Tea, black 0.605 0.527-0.623 0.754 0.771 0.720-0.814 0.871

Tea, herbal -0.098* -0.161-0.069 -0.047 0.951 0.939-0.961 0.975

Coffee, Turkish 0.538 0.451-0.615 0.700 0.901 0.877-0.921 0.948

Coffee, Instant 0.711 0.649-0.764 0.831 0.951 0.939-0.961 0.975

Buttermilk/kefir 0.387 0.285-0.481 0.558 0.819 0.777-0.854 0.901

Milk 0.638 0.565-0.701 0.779 0.939 0.924-0.952 0.969

Soda 0.539 0.453-0.616 0.701 0.896 0.870-0.916 0.945

Cola 0.905 0.882-0.924 0.950 0.903 0.879-0.922 0.949

Soft drinks 0.082* -0.033-0.195 0.152 0.618 0.541-0.684 0.764

Fruit juices 0.827 0.787-0.860 0.905 0.941 0.927-0.953 0.970

Vegetable juices 0.982 0.978-0.986 0.991 0.982 0.977-0.985 0.991

Sport drinks 0.254 0.143-0.358 0.405 0.998 0.998-0.999 0.999

Energy drinks 0.755 0.701-0.800 0.860 0.985 0.981-0.988 0.992

Beer 0.000* -0.115-0.115 0.000 0.510 0.420-0.591 0.676

Rakı 0.000* -0.115-0.115 0.000 0.074* -0.041-0.188 0.138

Wine 0.000* -0.115-0.115 0.000 0.006* -0.109-0.121 0.012

Total fluid intake 0.714 0.653-0.766 0.833 0.836 0.798-0.868 0.911

*p > 0.05.

Figure 1. 

Bland-Altman plots comparing total fluid intakes assessed by DIR and BIQ1.
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Figure 2. 

Bland-Altman plots comparing total fluid intakes assessed by BIQ1 and BIQ2.
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It is well known that fluid intake is difficult to monitor. Although 
there is a lack of biomarkers to reflect hydration status in response 
to beverage intake, various markers have been proposed for as-
sessing the state of hydration (1). Some dietary intake methods 
have used biomarkers to validate the data collected. Biomarkers 
of intake are able to objectively assess dietary intake/status with-
out the bias of self-reported dietary intake errors and also over-
come the problem of intra-individual diet variability (18,19).

In this study, we used urinary specific gravity as a reference 
biomarker of the self-reported intake of total fluid and kinds of 
beverages (BIQ) (1). As would be expected for a possible bio-
marker of total fluid intake, USG was negatively correlated with 
the amount of total fluid intake for three assessment tools (DIR, 
BIQ1, BIQ2); thus, the BIQ appears to be a valid and reliable and 
easily administered questionnaire for assessing beverage in-
takes among adults. The reliability and validity coefficients for 
the BIQ were similar in magnitude to those reported elsewhere. 
Malisova’s study (20) reported no correlations between beverage 
intake estimated from the water balance questionnaire against 
USG (r  = -0.107, p = 0.403). However, they found moderate 
correlations with the other biomarkers measured. Hedrick’s study 
(11) found that USG was negatively correlated with grams of total 
daily beverage consumption at different time (-0.202, p < 0.05 
and -0.238, p < 0.05).

In our study, of the 17 beverage variables assessed, 14 of 
beverages were significantly correlated with DIR (p < 0.05). The 
results of our study suggest that a quantitative beverage intake 
questionnaire provides more useful data about consumption of 
total fluid and kinds of beverage intakes than a 3-day dietary 
record and urinary specific gravities. In other studies, beverage 
frequency records (11) appear to be a better measuring method 
for assessing (20) beverage intake than the 3-day dietary ques-
tionnaire when compared with biomarkers. It is clear that the 
development of a properly validated beverage frequency ques-
tionnaire may improve the evidence behind hydration outcomes.

CONCLUSION

As a conclusion, the self-administered instrument described in 
this study shows reproducibility in a range observed for similar 
dietary intake record used with adults. This tool may be useful for 
researchers interested in assessing habitual beverage consump-
tion patterns to evaluate hydration status for adults, particularly 
in large-scale investigations where lengthier, resource-intensive 
dietary intake assessment techniques are not feasible. Among 
nutrition practitioners, this tool could be utilized as a rapid meth-
od to assess total fluid intake and kinds of beverages in Turkey.

Although several hydration status studies have investigated 
the response of various biomarkers to changes in beverage in-
take, important theoretical considerations have also been pub-
lished (21,22). We still do not have enough data available in the 
literature to set robust biomarkers proxies for fluid intake.

LIMITATIONS

Two primary limitations exist in this investigation. Firstly, par-
ticipants completed the self-administrated BIQ and DIR. So sub-
jects were prone to underestimate their beverage intake when 
they kept dietary records.

Secondly, In Turkish society, alcoholic beverages are not con-
sumed in high amounts and at high frequency. Therefore, the 
amount of alcoholic beverages in DIR was less than in the BIQ. 
In addition, every alcoholic beverage should be combined into 
only one category, “alcoholic beverages”. A need for studies that 
systematically examine the correlation of beverage intake and 
hydration biomarkers in different populations has been demon-
strated.
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Abstract
Objective: The main objective of this study was to analyze the nutritional intake of high-level athletes specialties in long and middle distance 
during an athletic season to identify possible defi ciencies.

Methods: To carry out the study, we proceeded to assess the diet and different intake levels of macronutrients (carbohydrates, fat and proteins); 
and changes that occur in the concentration of these elements were analyzed 4 different times of the season: at baseline and at 3, 6 and 9 months 
of training. The sample consisted of a group of 23 elite endurance athletes with a minimum of 5 years of training, a weekly charge between 
14-20 hours, and an average of 100-120 miles a week. The procedure consisted of nutritional register for a period of three consecutive days 
in the 4 different moments of the season.

Results: The results show signifi cant increases (p < 0,05) in protein intake between 3-9 months.

Conclusion: Nutritional intake in endurance athletes increases throughout the athletic season, with lower intake in macronutrients than rec-
ommended by the scientifi c community, and increases in protein intake during periods of spring and summer, according to competition periods.

Resumen
Objetivo: el objetivo de este estudio fue analizar la ingesta nutricional de atletas de alto nivel de las especialidades de fondo y medio fondo, 
durante una temporada atlética, para detectar posibles defi ciencias.

Métodos: para llevar a cabo el estudio, se procedió a evaluar la dieta y las diferentes concentraciones de los macronutrientes (glúcidos, lípidos 
y proteínas) y los diferentes tipos de ácidos grasos, en cuatro momentos diferentes de la temporada: al inicio y a los 3, 6 y 9 meses de entrena-
miento. La muestra estuvo constituida por un grupo formado por 23 atletas de fondo y medio fondo con un mínimo de 5 años de entrenamiento, 
una carga semanal de entre 14-20 horas y un volumen de 100-120 km semanales. El procedimiento consistió en el registro nutricional durante 
un periodo de tres días consecutivos, en los cuatro momentos establecidos.

Resultados: los resultados obtenidos muestran incrementos signifi cativos (p < 0,05) en la ingesta de proteínas entre los 3-9 meses.

Conclusión: la ingesta energética en atletas de fondo y medio fondo va aumentando a lo largo de la temporada deportiva, con cantidades de 
macronutrientes inferiores a las recomendadas por la comunidad científi ca, y con incrementos en la ingesta de proteínas en periodos de primavera 
y verano, coincidiendo con momentos de competición.
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INTRODUCCIÓN

Las necesidades nutritivas y la alimentación que debe realizar 
un deportista de forma habitual, sin diferir mucho de la que realiza 
un individuo no deportista, tienen algunas peculiaridades (1,2). La 
nutrición deportiva es una rama de la nutrición, dirigida a estable-
cer patrones alimenticios equilibrados, completos, variados y bien 
calculados para potenciar y complementar la actividad psicofísica 
del atleta (3) y de sujetos no deportistas. Estudios recientes mues-
tran cómo prácticamente la mitad de la ingesta diaria de energía 
se realiza en el almuerzo (46%), seguida de la cena (31%), con 
diferentes distribuciones de macronutrientes a lo largo del día (2). 
Mucho se ha escrito sobre las necesidades nutricionales de los 
atletas, pero no acaba de haber un consenso sobre cuáles son 
realmente dichos requerimientos. En este sentido, la alimentación 
del deportista, como la de cualquier otra persona, debe realizarse 
atendiendo a sus necesidades nutricionales. Estas necesidades 
están en relación con una triple función que cumplen dichos 
nutrientes: por un parte, la energética, es decir, la de proporcio-
nar la energía necesaria para poder realizar todas las funciones 
orgánicas y más específicamente, en este caso, el movimiento 
voluntario y los procesos termorreguladores; por otra parte, la 
reguladora, que permite mantener una adecuado metabolismo 
energético y un compensado estado de equilibrio anabólico- 
catabólico, principalmente a nivel muscular; y por último, la fun-
ción plástica o estructural, gracias a la cual cada deportista va 
a intentar mantener aquella composición corporal que le es más 
favorable para conseguir el rendimiento esperado (4).

En el equilibrio energético se recomienda que la mayor par-
te se realice en forma de hidratos de carbono, dado que estos 
macronutrientes son sustancias que aportan energía que puede 
ser rápidamente utilizada para compensar el gasto ocasionado por 
la actividad física (5,6), de manera que suponga un 55-65% de la 
ingesta calórica total, o bien, ingerir entre 5-7 g/kg/día (7), si bien 
en periodos de alta intensidad de entrenamiento se pueden alcan-
zar hasta los 12 g/kg/día (8). Se aconseja que los carbohidratos 
ingeridos sean complejos, porque ayudan a mantener de forma 
más constante los niveles de glucosa sanguínea (9).

Por otra parte, la alimentación del deportista debe ser rica en 
proteínas de alto valor biológico. En general, las proteínas no son 
consideradas como fuente energética durante la actividad física, 
ya que los hidratos de carbono y las grasas desempeñan esta fun-
ción. Las proteínas deberían aportar aproximadamente un 8-15% 
de las calorías totales ingeridas por la persona, modificándose 
muy poco atendiendo al período de entrenamiento, precompeti-
ción o competición (10).

Otro de los macronutrientes imprescindibles son los lípidos. Los 
lípidos son un componente necesario de la dieta que proporciona 
energía y elementos esenciales, como las vitaminas A, D, K y E. 
El rango aceptable es de 20-35% (el 20%, durante el periodo 
competitivo y el 35% solo cuando la ingesta de ácidos grasos 
monoinsaturados AGM es superior a un 15-20%) de la ingesta 
energética total, teniendo en cuenta una proporción del 7-10% 
para grasas saturadas (AGS), 10% para poliinsaturadas (AGP) y 
superior a 10-15% de grasas monoinsaturadas (AGM) (11).

A raíz de la revisión bibliográfica realizada, los objetivos que 
nos planteamos fueron los siguientes:

–  Valorar la dieta y las diferencias en las concentraciones de 
macronutrientes (glúcidos, lípidos y proteínas) y ácidos gra-
sos en deportistas de élite, concretamente atletas de fondo 
y mediofondo.

–  Analizar y comparar los cambios que se produjeron en la 
concentración de dichos elementos en la dieta de los atletas 
en diferentes etapas del entrenamiento; al inicio del entrena-
miento y a los 3, 6 y 9 meses de entrenamiento.

MATERIAL Y MÉTODO

El presente trabajo se ajusta a un diseño de estudio cuasiex-
perimental y longitudinal en el que se estudiaron deportistas de 
alto nivel en diferentes etapas del entrenamiento, recogiendo para 
tal estudio 4 tomas diferentes durante la temporada 2014/2015 
(inicio, 3, 6, 9 meses). Los periodos competitivos de la temporada 
correspondieron a la tercera y cuarta valoración, es decir, a los 6 
y los 9 meses de entrenamiento.

La muestra participante en el estudio estuvo compuesta por un 
grupo de 23 atletas de fondo y medio fondo varones (GA), cuyas 
características se detallan en la tabla I, con un mínimo de cinco 
años de entrenamiento, una carga semanal entre 14-20 horas, 
y un volumen de 100-120 km semanales, junto con unos resul-
tados significativos en campeonatos regionales, nacionales e 
internacionales.

Todos los sujetos participantes en el estudio fueron informa-
dos del contenido de este y aceptaron su participación volunta-
ria mediante la firma de un consentimiento informado, bajo la 
regulación de las directrices éticas dictadas en la declaración 
de Helsinki de la Asociación Médica Mundial (actualizadas en la 
Asamblea Médica Mundial de Seúl de 2008) para la investigación 
con seres humanos.

Para la valoración antropométrica se utilizó una báscula de 
la marca Seca© (Hamburgo, Alemania), con una precisión de ± 
100 g; un tallímetro de la marca Seca© (Hamburgo, Alemania), 
con una precisión de ± 1 mm; un compás de pliegues cutáneos 
Holtain© (Crymych, Reino Unido), con una precisión de ± 0,2 mm; 
un compás de diámetros óseos Holtain© (Crymych, Reino Uni-
do), con precisión de ± 1 mm; y una cinta métrica de la marca 

Tabla I. Características antropométricas 
de la muestra

Características Atletas

Peso (kg) 65,50 ± 7,30

Altura (m) 1,77 ± 0,05

Masa grasa (kg) 5,59 ± 1,23

Masa muscular (kg) 32,19 ± 4,00

% graso 8,23 ± 1,37

% muscular 49,23 ± 6,11
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Seca© (Hamburgo, Alemania) con una precisión de ± 1 mm. Las 
ecuaciones empleadas para calcular la masa muscular (ecuación 
de Porta y cols.), grasa (ecuación de Yuhasz) y ósea (ecuación de 
Van Doblen y Rocha) fueron las que establecen Porta y cols. en 
el Grupo Español de Cineantropometría (12). Las mediciones 
fueron realizadas en el mismo lugar, por el mismo explorador y 
siguiendo todas las correcciones del Grupo Español de Cineantro-
pometría. Las medidas antropométricas que se obtuvieron fueron 
las siguientes: talla (medida en m), peso (medido en kg), pliegues 
cutáneos (medidos en mm) (abdominal, suprailíaco, subescapu-
lar, tricipital, muslo y pierna), diámetros óseos (medidos en cm) 
(biestiloideo, bicondiloideo humeral y bicondiloideo femoral) y 
perímetros musculares (medidos en cm) (brazo relajado y pierna 
relajada). El peso muscular y el peso graso se determinó mediante 
la diferencia entre el peso total y el resto de pesos: óseo, residual, 
graso y muscular (13).

Para conocer el estado nutricional de los sujetos estudiados se 
realizó el siguiente protocolo:

–  Se repartieron encuestas nutricionales estructuradas a los 
sujetos. Estas encuestas nutricionales recogían lo que el 
sujeto ingería durante un periodo de tres días consecutivos, 
clasificado en cinco comidas: desayuno, almuerzo, comida, 
merienda y cena, coincidiendo uno de los días en fin de 
semana y siempre antes de competición. Cada atleta relle-
naba su cuestionario acto seguido de la ingesta nutricional.

–  Para la evaluación se utilizaron las tablas de Moreiras y cols. 
(14). Para ello se objetivaron y protocolizaron previamente 
las diferentes cantidades, estableciendo así un conjunto de 
normas para minimizar el error en la introducción de las 
encuestas en la base de datos.

Durante el tiempo que duró el estudio los sujetos no fueron 
sometidos a ningún programa de suplementación nutricional.

El análisis estadístico fue realizado mediante el programa 
informático SPSS Inc. (versión 19 para Windows). Para com-
probar la normalidad de los datos, se realizaron las pruebas de 
 Kolmogorov-Smirnov y Shapiro-Wilks. Para la comparación de 
medias en los diferentes momentos de la temporada (al inicio y a 
los 3, 6 y 9 meses) se utilizó el test de medidas repetidas ANOVA 
de un factor, aceptándose como significativas aquellas diferencias 
con una probabilidad de ser debidas al azar menor al 5% (p < 0,05). 
Los resultados se expresan como la media ± la desviación estándar.

RESULTADOS

A continuación se presentan los principales resultados obte-
nidos en el presente estudio. Las características de la muestra 
experimental al inicio del estudio se muestran en la tabla I.

En la tabla II se presentan los resultados antropométricos 
durante los 9 meses del estudio. La tabla III recopila las ingestas 
medias del grupo de atletas en las diferentes etapas del periodo 
de entrenamiento, tanto en kcal totales al día, como en hidra-
tos de carbono (HC), proteínas y lípidos.

Tal y como se puede observar, los resultados muestran incre-
mentos significativos en la ingesta de proteínas por parte de los 
atletas (p < 0,05) entre los 3 y los 9 meses, mientras que, en el 
caso de los hidratos de carbono, el mayor incremento se observa 
a los 6 meses de entrenamiento, aunque en este caso no se 
encuentran diferencias significativas. Se observa también una 
tendencia al incremento en la ingesta de calorías en periodos 

Tabla II. Resultados antropométricos a lo largo de la temporada atlética
Características Inicio 3 meses 6 meses 9 meses

Peso (kg) 65,50 ± 7,30 65,45 ± 7,36 64,67 ± 7,03 64,80 ± 7,34#

Peso graso (kg) 5,59 ± 1,23 5,42 ± 1,07 5,24 ± 0,83* 5,24 ± 0,96**

Peso muscular (kg) 32,19 ± 4,00 32,36 ± 4,01 31,83 ± 3,93 31,88 ± 4,12

% graso 8,23 ± 1,37 8,28 ± 1,63 8,1 ± 1,28 8,08 ± 1,48

% muscular 49,23 ± 6,11 49,44 ± 6,12 49,21 ± 6,07 49,19 ± 6,35
#p < 0,05 en comparación 3 vs. 6-9; *p < 0,05 en comparación 0 vs. 6; **p < 0,05 en comparación 3 vs. 9.

Tabla III. Ingesta de macronutrientes a lo largo de la temporada atlética
Inicio de 

temporada
% 3 meses % 6 meses % 9 meses %

Energía (kcal/d) 2.880,6 ± 621,3 2.535,5 ± 400,2 2.918,4 ± 598,6 3.175,5 ± 973,2

HC (g/kg/d) 5,35 ± 1,32 60,14% 5,15 ± 1,22 62,42% 6,48 ± 1,43 65,58% 6,17 ± 1,63 60,8%

Proteínas (g/kg/d) 1,72 ± 0,42 19,4% 1,68 ± 0,27 20,37% 1,99 ± 0,62 20,20% 2,20 ± 0,70# 21,7%

Lípidos (g/kg/d) 1,82 ± 0,85 20,44% 1,42 ± 0,57 17,20% 1,40 ± 0,44 14,20% 1,77 ± 0,86 17,4%
#p < 0,05 en comparación 3 vs. 6-9; ##p < 0,01 en comparación 3 vs. 6-9.
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competitivos, como son a los 6 y a los 9 meses, coincidiendo con 
la temporada de campo a través y al aire libre en pista.

La tabla IV recoge los resultados obtenidos en la ingesta de áci-
dos grasos en las diferentes etapas del periodo de entrenamiento 
divididos en ácidos grasos saturados, monoinsaturados, poliinsa-
turados, ω6, ω3, y la relación obtenida entre estos dos últimos, 
no obteniendo diferencias significativas en ningún momento de 
la temporada.

DISCUSIÓN

En primer lugar, analizando los resultados antropométricos de 
los atletas, se observaron diferencias estadísticamente signifi-
cativas (p < 0,05) en el peso graso entre las pruebas realizadas 
en los primeros meses de entrenamiento (0 y 3 meses) y las 
realizadas en la temporada más estival (6 y 9 meses), que impli-
can una disminución de estos a lo largo de la temporada. Los 
valores de peso graso fueron inferiores a los de otros atletas de 
similares características (15) y del mismo modo fueron inferiores 
a otros estudios de similares características llevados a cabo en 
triatletas (considerados atletas de media-larga distancia) (16). El 
descenso del peso graso se relaciona con una mayor utilización 
de los lípidos como fuente de energía, y con un aumento de masa 
muscular en el tren inferior (17,18).

En cuanto a los resultados nutricionales, podemos establecer 
que tras el análisis de los resultados expuestos anteriormente, 
se observó cómo la ingesta nutricional de los atletas de fondo 
y medio fondo va variando según se encuentren en una fase 
u otra de la temporada, aunque con muy pocas diferencias. Al 
igual que en nuestro estudio, investigaciones similares obtuvieron 
variaciones similares a las nuestras, pero con algunas diferencias 
significativas en la ingesta nutricional de atletas (19). Cabe des-
tacar también que una vez realizado un análisis en profundidad 
de los resultados, se observaron unos desequilibrios en la ingesta 
nutricional, como se han producido en otros estudios de similares 
características (20-22).

En este sentido, resulta interesante destacar que el primer 
periodo competitivo coincidió con el tercer registro realizado 
a los 6 meses y que corresponde con la temporada de cam-
po a través. De la misma manera, la última toma realizada a los 
9 meses coincidió con otro pico de rendimiento, concretamente 

con la temporada de aire libre en pista, momento este en el que 
curiosamente se obtuvieron los resultados más elevados de todo 
el año en algunos macronutrientes, alcanzando algunos de ellos 
diferencias estadísticamente significativas como veremos a con-
tinuación. Es posible que algunos factores como el volumen, la 
intensidad y la frecuencia de entrenamiento, así como los alimen-
tos característicos de las diferentes estaciones del año, puedan 
influir en las cantidades ingeridas a través de la dieta. Efectos muy 
similares a estos fueron obtenidos en un estudio realizado en un 
equipo de balonmano de élite en el que se analizó la ingesta de 
macronutrientes a las 8 semanas y las 16 semanas y se observó 
un incremento tanto en proteínas como en hidratos de carbonos y 
grasas, siendo estos cambios significativos en hidratos de carbo-
no y proteínas tanto a las 8 semanas como a las 16 semanas (23).

En general, en nuestro estudio se observaron incrementos en 
todos ellos a partir de la tercera toma; es decir, cuando comen-
zó uno de los periodos competitivos como hemos mencionado 
anteriormente entre los 6 y 9 meses de la temporada deportiva. 
Se produjo un incremento no significativo de hidratos de carbo-
no por parte de los atletas, posiblemente de forma paralela al 
aumento en la intensidad y duración de los entrenamientos, con 
el objetivo de mantener los depósitos corporales y optimizar la 
disponibilidad de glucógeno muscular y hepático y de glucosa 
sanguínea, para aumentar y mantener la oxidación de los carbo-
hidratos. Este incremento en la ingesta de hidratos de carbono 
podría estar relacionado con la orientación del entrenamiento en 
estos periodos, donde se incrementa su intensidad y requiere 
mayor demanda de glucógeno para poder afrontar dichos entre-
namientos (24). Teniendo en cuenta el peso corporal, se puede 
observar, en nuestro estudio, cómo los atletas ingirieron unas 
cantidades medias de 5,78 g/kg/día de hidratos de carbono a 
lo largo de toda la temporada, cantidades por debajo de lo des-
crito anteriormente por algunos autores en los periodos de 0 y 
3 meses, que determinan ingestas de 5-7g/kg/día para atletas 
que entrenan aproximadamente 1 hora al día y 6-10 g/kg/día para 
deportistas de resistencia que entrenan una media de 1-3 horas 
diarias, y en esta última es donde se encuadran nuestros atletas 
(25). Sin embargo, en las tomas de los 6 y 9 meses la ingesta de 
hidratos de carbono sí estuvo dentro de los valores que describen 
los autores. Ingestas por debajo de las cantidades recomendadas 
provocan la aparición de fatiga asociada al agotamiento de los 
depósitos de glucógeno muscular y por consiguiente la reducción 

Tabla IV. Ingesta de ácidos grasos a lo largo de la temporada atlética

Ácidos grasos
Inicio de 

temporada
% 3 meses % 6 meses % 9 meses %

Saturados (g/d) 37,86 ± 21,12 31,26% 24,85 ± 11,62 25,05% 26,96 ± 14,83 27,32% 36,14 ± 19,00 31,69%

Monoinsaturados (g/d) 52,27 ± 29,24 43,16% 40,76 ± 17,16 41,09% 38,03 ± 12,24 38,54% 43,45 ± 22,08 38,1%

Poliinsaturados (g/d) 11,97 ± 5,35 9,88% 12,11 ± 4,69 12,21% 11,56 ± 3,93 11,71% 13,08 ± 8,58 11,46%

ω6 (g/d) 9,28 ± 4,82 7,66% 9,05 ± 4,83 9,12% 9,47 ± 4,00 9,59% 10,52 ± 7,71 9,22%

ω3 (g/d) 1,08 ± 0,44 0,89% 0,84 ± 0,53 0,84% 0,93 ± 0,44 0,94% 1,33 ± 1,13 1,16%

ω6/ω3 (g/d) 8,64 ± 3,11 7,13% 11,57 ± 3,26 11,66% 11,72 ± 6,14 11,87% 9,52 ± 5,41 8,34%
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de glucosa en la sangre, y el glucógeno muscular y hepático es 
esencial para un rendimiento óptimo (26).

Por otro lado, la ingesta de proteínas experimentó un aumento 
significativo entre los 3 y 9 meses (p < 0,05), que podría ser 
debido a la fase anabólica y de recuperación en la que se encon-
trarían los atletas. En este sentido, destaca su utilización como 
recuperador, y su función de reparación y mantenimiento de 
los tejidos corporales, y en estos periodos los atletas necesitan 
una mayor ingesta de proteínas por su función regenerativa 
debido a las altas cargas de ejercicio físico a las que son some-
tidos durante los entrenamientos. Se debería tener en cuenta la 
suplementación de proteínas y de aminoácidos ramificados, ya 
que hay estudios que indican que esto produce efectos positivos 
en la disminución del daño muscular postejercicio y la leucina 
puede tener efectos en la recuperación y síntesis proteica (27). 
Otros estudios determinan que el consumo de proteínas durante 
el ejercicio posiblemente sirva como una ayuda ergogénica, 
retardando el tiempo hasta llegar al agotamiento en aquellas 
pruebas que requieren de una gran resistencia física (28). 
Según Saunders y cols. (29), determinar la cantidad adecuada 
de proteínas y aminoácidos esenciales en la dieta en diferentes 
estados fisiológicos es de gran importancia para los atletas, ya 
que un déficit proteico produce una disminución de la capacidad 
de generar la máxima potencia muscular. Teniendo en cuenta 
el peso corporal, se puede observar cómo los atletas ingirieron 
unas cantidades medias de 1,89 g/kg/día de proteínas, canti-
dades próximas a lo descrito anteriormente por algunos autores, 
que determinan ingestas de entre 1,2-1,7 gr/kg/día para depor-
tistas de resistencia, en los cuales el volumen de entrenamiento 
es muy elevado (30). En las tomas de 0 y 3 meses se obtuvieron 
resultados dentro de lo descrito por otros autores; sin embargo, 
en las tomas 6 y 9 meses la ingesta de proteínas fue mayor a 
lo recomendado por estos autores. Por otro lado, otros estudios 
determinan que un consumo de proteínas mayor al recomenda-
do por la modalidad deportiva podría tener efectos perjudiciales 
para el organismo (31).

En relación con la cantidad de lípidos, estos desempeñan un 
papel muy importante, ya que es una fuente de combustible vital 
durante el entrenamiento de resistencia. El músculo esquelético 
puede almacenar casi el equivalente energético de glucógeno 
en forma de triacilglicerol intramuscular, que es una fuente de 
combustible viable durante el ejercicio de intensidad moderada 
y prolongada hasta aproximadamente el 85% del VO

2
 max (32). 

Los lípidos que los atletas ingirieron fueron variando a lo largo 
de la temporada y no se han encontrado cambios significativos, 
aunque los diferentes tipos de ácidos grasos experimentaron un 
ligero aumento en todos sus valores al finalizar la temporada a 
los 9 meses. Igualmente, el índice ω6/ω3, incrementó, aunque 
no se encontraron diferencias significativas. La cantidad diaria 
de lípidos requeridos para la reposición de triacilglicerol intra-
muscular después del entrenamiento de resistencia ha sido esti-
mado en 2 g/kg/d. Teniendo en cuenta el peso corporal, se pue-
de observar como los atletas ingirieron unas cantidades medias 
de 1,6 g/kg/día de lípidos, cantidades más bajas a lo descrito 
por otros autores (33). En ciertas épocas del año, tales como la 

fase de competición, la ingesta de lípidos debe ser limitada para 
lograr la optimización de la composición corporal. Este efecto 
se aprecia en nuestro estudio, ya que cuando se acerca la fase 
competitiva a los 6 y 9 meses las cantidades de lípidos se ven 
disminuidas. Sin embargo, en todas las fases de entrenamiento 
los lípidos son siempre necesarios para ayudar a la absorción de 
vitaminas liposolubles y para la síntesis de hormonas, así como 
para la estructuración de la membrana celular y la integridad 
de la vaina de mielina (26).

El estudio presenta algunas limitaciones, como por ejemplo el 
número de días de registro nutricional, que puede que fuera esca-
so, ya que un registro nutricional más prolongado en el tiempo 
nos habría dado una información más exacta, precisa y el error 
del estudio habría sido menor.

La segunda limitación del estudio fue el tamaño de la muestra, 
ya que al tratarse de un grupo de atletas de alto rendimiento fue 
difícil reunir una muestra de un mayor tamaño.

CONCLUSIONES

Tras la realización de la investigación, se pueden extraer diver-
sas conclusiones para ampliar el bagaje científico sobre la ingesta 
y nutrición que realizan los atletas de fondo y medio fondo durante 
una temporada deportiva. Entre ellas, podemos destacar:

–  El aporte energético o la cantidad de energía ingerida en 
atletas de fondo y medio fondo va aumentando a lo largo de 
la temporada deportiva.

–  Los atletas de fondo y medio fondo incrementan la ingesta 
de proteínas en periodos de primavera y verano, coincidien-
do con momentos de competición.
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Resumen
Introducción: intervención nutricional en niños en edad preescolar con dos galletas: galletas de harina de trigo enriquecidas con hierro y ácido 
fólico (BFTF) y galletas con harina de feijão-caupi, biofortifi cados con zinc y hierro, y harina de trigo enriquecida con hierro y ácido fólico (BFFCb 
+ FTF). 

Objetivo: evaluar el impacto del consumo de galletas a base de harina de trigo fortifi cada con hierro y ácido fólico y de galletas enriquecidas 
con harina de feijão-caupi (Vigna unguiculata (L.) Walp) variedad BRS-Xiquexique, biofortifi cados con hierro y zinc, por los preescolares para 
controlar la anemia ferropriva. 

Métodos: intervención en guarderías municipales seleccionados aleatoriamente (n = 262), niños en edad preescolar de 2 a 5 años en Teresina, 
Brasil. Con el fi n de evaluar los datos socioeconómicos, o IMC para la edad y exámenes de hemoglobina antes y después de la intervención, y 
el consumo de alimentos se dividen en grupos: grupo 1 (G1) recibió el BFTF (30 g) y el grupo 2 (G2), que recibió el BFFCb + FTF (30 g); analizar 
la aceptación diaria de galletas. 

Resultados: la prevalencia de anemia antes de la intervención en los grupos G1 y G2 fue de 12,2% (n = 18) y 11,5% (n = 30), respectivamente. 
Después de la intervención en el G1 se redujo a 1,4% (n = 2) y en el G2 a 4,2% (n = 11). La aceptación de las galletas por los niños en edad 
preescolar en G1 y G2 fue del 97,4% y 94,3%, respectivamente. 

Conclusión: el uso de dos galletas disminuyó la prevalencia de anemia en niños preescolares, destacándose que en la BFFCb+FTF hubo una 
mayor reducción.

Abstract
Introduction: Nutritional intervention in pre-school children using cookies prepared with wheat fl our enriched with iron and folic acid (CWFFeFA) 
and cookies prepared with cowpea (Vigna unguiculata (L.) Walp) fl our fortifi ed with iron and zinc and wheat fl our enriched with iron and folic 
acid (CCFFeZn + WFFeFA). 

Objective: To assess the impact of the ingestion of CWFFeFA and CCFFeZn + WFFeFA by pre-school children, using the cowpea variety 
BRS-Xiquexique, to control iron-defi ciency anaemia. 

Methods: Nutritional intervention was conducted in municipal day care centres selected at random (n = 262) involving pre-school children 
aged 2 to 5 years living in Teresina, state of Piauí, Brazil. To assess the socioeconomic data, BMI-for-age, haemoglobin levels before and after 
intervention, and dietary intake, the children were divided into group 1 (G1), which received CWFFeFA (30 g), and group 2 (G2), which received 
CCFFeZn + WFFeFA (30 g). Food acceptance was evaluated daily.

Results: The prevalence of anaemia in G1 and G2 before the nutritional intervention was 12.2% (n = 18) and 11.5% (n = 30), respectively. 
After intervention, the prevalence decreased to 1.4% in G1 (n = 2) and to 4.2% in G2 (n = 11). Food acceptance by pre-school children in G1 
and G2 was 97.4% and 94.3%, respectively.

Conclusion: The use of both types of cookie formulations decreased the prevalence of anaemia among pre-school children, and CCFFeZn + 
WFFeFA yielded the greatest decrease.
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INTRODUCTION

Anaemia is defined by the World Health Organization (WHO) as 
the condition in which the haemoglobin content in the blood is 
lower than the normal as a result of the shortage of one or more 
essential nutrients, no matter what is the cause of disability (1). It 
is estimated that iron deficiency is responsible for about 50% of 
all the cases of anaemia (2). Other possible causes are haemolysis 
malaria, glucose-6-phosphate dehydrogenase deficiency, a genet-
ic defect in haemoglobin synthesis and nutritional deficiencies, 
such as vitamin A, B12, C and folic acid (3).

Anaemia is the last stage of iron deficiency, which is character-
ized by a reduction of haemoglobin levels with impairment of body 
functions, which are more severe according to the level of that 
reduction. In addition, this reduction is the universal parameter 
to set this anaemia.

Anaemia is a public health problem that affects populations 
in both rich and poor countries (4). Previous studies (5-7) have 
reported the nutritional changes that occurred in the last three 
decades and have indicated that the prevalence of anaemia as-
sumed epidemic proportions and became the main deficiency 
problem in Brazil in terms of magnitude. 

Given the importance of this pathology in the world, numerous 
countries conduct interventions to reduce anaemia; particularly in 
the groups most susceptible to its devastating effects: pregnant 
women and young children. Among the measures adopted to pre-
vent and control iron-deficiency anaemia in Brazil, the Ministry of 
Health (Ministério da Saúde-MS) has intensified actions aimed at 
reducing iron deficiency by means of the weekly supplementa-
tion of food products with iron sulphate, as recommended by the 
National Iron Supplementation Program (Programa Nacional de 
Suplementação de Ferro-PNSF), and using universal fortification, 
which involves the addition of micronutrients to food products 
consumed by most of the population (8). 

Another strategy currently used with the goal of decreasing 
micronutrient deficiency involves the increase in the nutrient 
content of food products using conventional breeding or genetic 
engineering, thereby allowing the identification of genotypes with 
high levels of iron, zinc, and protein, among other elements. These 
genotypes are assessed as to their performance in cross-breeding 
experiments and, consequently, their capacity for transmission 
of superior genetic traits, i.e., genotypes exhibiting an increased 
capacity to extract sufficient amount of minerals to adequately 
supply human needs (9,10). These fortified crops include cowpeas 
(Vigna unguiculata (L). Walp) enriched in iron (average content of 
61.3 mg.kg-1) and zinc (average content of 44.7 mg.kg-1) belong-
ing to various cultivars, such as BRS-Aracê, BRS-Xiquexique, and 
BRS-Tumucumaque (11). 

Considering the magnitude of nutritional deficiency, its im-
portance as a public health problem, and its deleterious effects 
on human health, this study conducted a nutritional intervention 
program among pre-school children attending municipal day-care 
centres using two dry cookies formulation: one cookie prepared 
with wheat flour enriched with iron and folic acid and other  pre-
pared with cowpea flour (Xiquexique cultivar) fortified with iron 

and zinc. The effect of this formulation on the control of anae-
mia and/or increasing haemoglobin levels was evaluated among 
pre-school children.

MATERIALS AND METHODS

PARTICIPANTS

The study involved 262 pre-school children aged 2 to 5 years 
who attended two Municipal Childhood Education Centres (Cen-
tros Municipais de Ensino Infantil-CMEIs) in Teresina, state of 
Piauí. The sample size was determined using Epi Info software, 
version 6.04 based on the study by Moreira-Araújo et al. (2009) 
(12), wherein the anaemia prevalence was 30%. The procedure 
for determining the sample size was as follows: 1) Teresina was 
divided into four zones containing CMEIs: 27 CMEIs in the south-
east, 37 in the east, 47 in the south, and 40 in the north; 2) study 
areas were selected by the drawing of lots; 3) CMEIs of a specific 
area were selected by the drawing of lots, and 4) in each CMEI 
selected, an invitation to participate was issued to all parents 
and/or guardians of pre-school children. The following children 
were included in the study: pre-school children attending CMEIs 
whose parents and/or guardians signed an informed consent 
form, except children with clinical complications that could affect 
the results, such as malabsorptive diseases, inflammation, and 
bleeding, or for whom the consent of parents and/or guardians 
was not obtained.

The study sample was divided into two groups: intervention 
group 1 (G1), with 115 (43.9%) pre-school children who received 
cookies prepared with wheat flour fortified with iron and folic acid 
(CWFFeFA), and intervention group 2 (G2), with 147 (56.1%) pre-
school children who received cookies prepared with cowpea flour 
fortified with iron and zinc in addition to wheat flour enriched with 
iron and folic acid (CCFFeZn + WFFeFA). Sample selection was 
performed at random. 

This study was approved by the Research Ethics Committee of 
the Federal University of Piauí through Brazil Platform under pro-
tocol CAAE 01140312000005214. After obtaining the consent of 
parents and/or guardians, data were collected on scheduled days 
at CMEIs by the researcher and previously trained collaborators.

DATA COLLECTION

First phase

a)  Collection of information using a structured questionnaire: 
Socioeconomic status (parental education, age, occupation, 
family income, sanitation conditions, housing type, and con-
trol of parasite infections).

b)  Anthropometric measurements: Weight was obtained using 
a portable digital scale, model ultra slim Wiso W910, with 
a capacity of up to 150 kg with 100 g accuracy, and height 
was measured using a portable vertical  anthropometer, 
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model person-check (KaWe), graduated in centimetres. To 
perform these measurements, pre-school children were 
required to be barefoot, wear standardised uniforms, and 
maintain their heads in the Frankfort plane.

c)  Diagnosis of anaemia before and after intervention: To in-
vestigate the prevalence of anemic deficiency, haemoglobin 
level was measured using the cyanmethemoglobin method 
(13,14), after disposing of children with other diseases or 
other forms of anaemia. During venipuncture, a 20-μL blood 
sample was collected in Drabkin solution using a Sahli pi-
pette, and readings were performed in a spectrophotome-
ter, model E-210D (CELM), with an absorbance accuracy 
of three decimal places. Children with haemoglobin levels 
< 11 g/dL were considered anaemic, and children with lev-
els < 9.5 g/dL were considered severely anaemic, as pre-
viously described (15). Two age categories were considered: 
1-3 years and 3-6 years.

Second phase

a)  Cookie preparation: The two formulations were prepared fol-
lowing a protocol detailed by Frota et al. (16). For CCFFeZn, 
30% of the wheat flour was replaced with fortified cowpea 
flour. 

b)  The cookie ingredients were mixed to ensure homogeneity 
of the dough. For cookie preparation, approximately 8 g of 
the dough was rolled manually. Raw cookies were placed on 
trays and baked in a domestic oven at approximately 220 °C 
for approximately 20 minutes. After baking, the cookies were 
left in the open air to cool and were then transferred to poly-
ethylene bags (30 g capacity) without stamping, and each 
student in both G1 and G2 was identified in the package by 
the school name, shift, class period, class ID, student name, 
and student number.

c)  Proximate composition: The moisture was determined by 
drying in an oven (314D242 model, Quimis, São Paulo, 
Brazil) at 105 °C until a constant weight was obtained. The 
ash content was determined after calcination in a muffle 
furnace (model Q-318 M21, Quimis, São Paulo, Brazil) at 
550 °C. The protein concentration was determined using 
the  macro-Kjeldahl method with a conversion factor of 6.25, 
and the lipid content was determined by hot extraction using 
hexane as solvent in a Soxhlet apparatus (TE-044, Tecnal, 
São Paulo, Brazil) (17). The carbohydrate content was cal-
culated by difference. These analyses were performed in 
triplicate at the Laboratory of Food Science and Food Bio-
chemistry (Department of Nutrition-UFPI).

d)  Mineral content: The calcium (Ca), copper (Cu), iron (Fe), 
phosphorus (P), sodium (Na), magnesium (Mg), manganese 
(Mn) and zinc (Zn) mineral contents were determined us-
ing an adapted inductively coupled plasma-optic emission 
spectrometry (ICP OES) technique according to Horwitz and 
Latimer (2000) (18) after mineralisation of the samples in a 
muffle furnace at 450 °C (model Q-318 M21, Quimis, São 

Paulo, Brazil). The original method was adapted regarding 
the wavelengths to analyse each mineral as follows: calci-
um, 317,933; copper, 324,754; iron, 259,940; phosphorus, 
213,618; sodium, 589,592; magnesium, 279,553; manga-
nese, 257,610; and zinc 206,200. Prior to the determination 
of the minerals, the materials used were decontaminated 
in a 20% nitric acid solution for 24 hours. These analyses 
were performed in triplicate at the Food Science and Quality 
Centre, ITAL, São Paulo (SP).

e)  Nutritional intervention: During the study and in addition to 
the normal CMEI diet, pre-school children from G1 ingested 
CWFFeFA, whereas G2 ingested 30 g of CCFFeZn + WFFe-
FA (BRS-Xiquexique cultivar) for two months, three times 
a week, which ensured a daily iron intake of 0.6 mg and  
4.0 mg for G1 and G2, respectively. 

DATA ANALYSIS

The data were processed using the Statistical Package for 
the Social Sciences (SPSS) software, version 13.0. In addition, the 
paired t-test was used to assess the difference in the mean hae-
moglobin levels before and after the nutritional intervention with 
the two formulations, Student’s t test was used to assess potential 
associations, and the chi-square and McNemar tests were used to 
evaluate the differences between the prevalence rates of anaemia 
before and after intervention with the two formulations. A value 
of p < 0.05 was considered statistically significant for all tests.

RESULTS 

The study involved 131 boys and 131 girls (n = 262) with a 
mean age of 60.7 months and 57.2 months, respectively, with 
a significant difference (p = 0.010) in the mean age in regard 
to gender. 

The participating families comprised 4 family members on av-
erage. The average education level of the mother and father was 
9.7 and 9.2 years, respectively, and a higher frequency of primary 
education level was found for the mother and father. Regarding 
the family monthly income, 71% received between one and two 
times the minimum wage (MW) at the time of the study, and 
approximately 18.7% received < 1 MW.

Table I lists the variables evaluated in G1 and G2 before and 
after intervention: height, weight, gender, and haemoglobin lev-
els. The results indicate that the mean values were very similar 
between the two study periods, except the haemoglobin level in 
G2, which was significantly different before and after intervention.  

Figure I shows the results before and after the intervention for 
G1 and G2. The haemoglobin level significantly increased from 
12.4 before the intervention to 14.7 after the intervention in G2 
(p = 0.003). However, no significant difference (p = 0.0754) was 
observed in this parameter in G1. In addition, no significant in-
crease in haemoglobin levels (p = 0.0587) was observed in the to-
tal population after the intervention. With regard to the occurrence 
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of anaemia among pre-school children who ingested CCFFeZn + 
WFFeFA, the prevalence rate decreased significantly (p < 0.001) 
from 12.2% (n = 18) before the intervention to 1.4% (n = 2) after 
the intervention. However, no significant difference (p = 0.284) 
was observed in the group offered CWFFeFA.

In Table II, it is shown the chemical composition of cookies that 
were used in this study. The results showed that the cookie with 
cowpea + wheat flour fortified with folic acid and iron (CCFFeZn 
WFFeFA +) presented the best contents both macro and micro-
nutrients, especially the iron with 4.0 mg/100 g-1.

Table III shows that the acceptance rate of CCFFeZn + WFFeFA 
and CWFFeFA among pre-school children was 94.3% and 97.4%, 
respectively. Considering this high acceptance rate, the use of both 
cookie formulations as a nutritional supplement in the diet of pre-
school children is effective in lowering iron-deficiency anaemia.

The diet provided in the two CMEIs consisted of one daily meal 
(morning or afternoon snack) because the CMEIs had two shifts 
with distinct classes. A one-week menu was examined with re-
spect to calories and levels of proteins, calcium, iron, vitamin C, 
and vitamin A. Considering that children remained only part-time 
at the CMEIs, the recommended calories and nutrient intake that 
should be consumed in the CMEIs corresponded to 30% of the 
recommended daily intake (RDI).

Table I. Weight heigh, and haemoglobin 
levels of children before and after  

the study. Teresina, PI, 2013
Groups/
variables

In the study

Before After

G1- Cookie CWFFeFA
Height (cm)

Male 110.0 ± 0.3ª 110.5 ± 0.5ª 

Female 108.3 ± 0,1ª 109.3 ± 0.2ª

Average 109.3 ± 0.6ª 109.4 ± 0.1ª

Weight (cm)

Male 19.4 ± 0.1ª 19.9 ± 0.1ª

Female 18.2 ± 0.1ª 18.5 ± 0.1ª

Average 18.8 ± 0.2ª 19.3 ± 0.3ª

Haemoglobin

Male 12.5 ± 0.1ª 12.6 ± 0.2ª

Female 12.6 ± 0.2ª 12.8 ± 0.2ª

Average 12.6 ± 0.1ª 12.7 ± 0.2ª

G2 – Cookie CCFFeZn + WFFeFA
Height (cm)

Male 107.7 ± 0.1ª 110.5 ± 0.2ª 

Female 105.4 ± 0.1ª 109.1 ± 0.1ª 

Average 107.3 ± 0.1ª 109.9 ± 0.1ª 

Weight (cm)

Male 18.5 ± 0.2ª 19.2 ± 0.2ª 

Female 17.0 ± 0.1ª 17.5 ± 0.2ª 

Average 17.6 ± 0.3ª 18.3 ± 0.2ª 

Haemoglobin

Male 12.4 ± 0.2ª 14.9 ± 0.2b

Female 12.4 ± 0,2ª 14.8 ± 0.1b

Average 12.4 ± 0.1ª 14.7 ± 0.2b

The same letter between columns does not show significant differences 
between the average before and after the level of p < = 0.05. t test paired.

Table II. Chemical composition of cowpea 
cookie fortified with iron and zinc + 

fortified wheat flour with iron and folic 
acid (CCFFeZn + WFFeFA) and cookie 
with fortified wheat flour with iron and 

folic acid (CWFFeFA). Teresina, PI, 2013

Nutrients

Cookies

CCFFeZn + 
WFFeFA

Average ± DP

CWFFeFA
Average ± DP

Humidity* 11.28 ± 0.73ª 7.62 ± 0.28b

Ash* 2.65 ± 0.01ª 2.48 ± 0.15b

Protein* 17.15 ± 1.19ª 9.26 ± 0.40b

Lipids* 5.64 ± 0.14ª 12.14 ± 1.25b

Carbohydrates* 63.28 ± 2.13ª 68.50 ± 2.09b

Calcium** 27.0 ± 3.0  ND

Iron** 4.0 ± 0.3ª 0.66 ± 0.02b

Phosphorus** 210.0 ± 16.0a 316.3 ± 2.90b

Magnesium** 69.0 ± 5.0a 16.23 ± 0.04b

Potassium** 486.0 ± 28.0a 141.9 ± 1.60b

Sodium** 207.0 ± 11.0 ND

Zinc** 1.7 ± 0.2ª 0.42 ± 0.01b

Different letters between columns show significant differences between the 
average level of significance. 
p < 0.05, according to the Student t-test. ND = not done.
*(g/100g-1).
**(mg/100g-1).

Figure 1. 

Haemoglobin levels before and after the intervention in both intervention groups.
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With respect to nutritional adequacy of the diet offered accord-
ing to age in both CMEIs., it was observed that in all age groups, 
the consumption of calories, protein, and vitamin C exceeded the 
30% recommendation in both CMEIs. By contrast, the amount 
of minerals (iron, calcium) and vitamin A was inadequate and 
below the values recommended (19). Furthermore, in the group 
offered CCFFeZn + WFFeFA, a nutritional level above the 30% 
recommendation was achieved for all age groups regarding cal-
orie intake (64.5% and 52% in G1 and G2, respectively), protein 
intake (198.5% and 135.8% in G1 and G2, respectively), and 
iron intake (31.7%). 

DISCUSSION 

Pre-school children at the CMEIs exhibited a similar profile, 
making the study sample homogeneous because the participants 
were located in the same area and neighbourhood and had similar 
socioeconomic and cultural status.

Iron-deficiency anaemia transcends the biological aspects and 
includes social and cultural dimensions. In this context, among the 
family-related variables, the education of the mother has been re-
ported to influence the development of anaemia because it affects 
the care provided to the children (20,21). This variable averaged 
9.2 years (higher education), similar to the results obtained by 
Goes et al. (22), wherein 80.7% of the mothers had more than 
eight years of education (at least incomplete secondary educa-
tion), which corroborates the low prevalence of anaemia observed 
in this study because the increased education translates into more 
knowledge, awareness, and access to information and better un-
derstanding when choosing food. 

The prevalence of anaemia among pre-school children de-
creased from 11.5% (n = 30) before the intervention to 4.2% 
(n = 11) after the intervention. These results indicate a lower 
prevalence of anaemia than has been reported in other studies, 
such as the work of Gondim et al. (23), with a prevalence of 
36.5%, Souza et al. (24), with a prevalence of 51.8%, and Rocha 
et al. (25), with a prevalence of 30.8%. This decreased prevalence 
was positively affected by the improvement in housing conditions, 
income, and education level.

Studies show that the prevalence of anaemia is from moderate 
to severe magnitude in many countries, including European coun-

tries (26) and highlight the importance of doing interventions to 
control it as if it was a serious public health problem. 

The control of anaemia can be achieved with preventive mea-
sures such as the provision of foods with wheat flour fortified 
with iron and folic acid to vulnerable populations, including pre-
school children, following the recommendations of RDC 344 is-
sued by the Ministry of Health (27). Other strategies include diet 
diversification, nutritional education programs, and promotion 
of breastfeeding. Furthermore, the control of anaemia involves 
drug therapy with ferrous sulphate through the iron supple-
mentation program of the Ministry of Health (2005) (28,29,14). 
Iron deficiency in childhood stems from diet inadequacy (bal-
ance between iron sources and substances that increase or 
decrease iron bioavailability) and not from the unavailability of 
iron-containing food products. Studies conducted in Brazil have 
indicated that food fortification has succeeded in decreasing 
the prevalence of anaemia at the national level and overseas 
and that this strategy is easy, safe, inexpensive, effective in the 
short and medium term, and able to improve food quality for 
the population (25,30). 

This study proposed the use of cookie formulation containing 
the cowpea cultivar BRS-XiqueXique as the iron source as well as 
honey, which is also a source of iron that is highly appreciated and 
consumed by the Brazilian population. The cookie was prepared 
with wheat flour enriched with iron and folic acid. The cookie 
formulations were prepared carefully to ensure quality, with the 
aim of obtaining the safest product possible within the quality 
standards established by the legislation. 

Both cookies had a good acceptance by children, because the 
results and the daily monitoring of the intervention showed that 
almost all of the children ate the whole package (30 g daily) during 
the intervention period (Table III). However, the results presented 
in table II infer that the cookie consumed by G2 with cowpea meal 
(CCFFeZn + WFFeFA) contributed to a lower supply of lipids and 
carbohydrates and increased the delivery of proteins and may 
contribute to the most appropriate control of weight gain. In addi-
tion, they had a greater amount of iron, with greater effectiveness 
in controlling anaemia and increased haemoglobin.

The nutritional intervention adopted yielded excellent results 
in decreasing the prevalence of anaemia in both G1 and G2. The 
prevalence rate decreased from 10.4% (n = 12) to 7.8% (n = 9) 
in G1 after the intervention and from 12.2% (n = 18) to 1.4% 
(n = 2) in G2. The use of wheat flour fortified with iron and folic 
acid, as required by the RDC No. 344 (27), helped to decrease 
the prevalence of iron-deficiency anaemia, as demonstrated in 
the study by Souza Filho et al. (31). In that study, the authors 
compared haemoglobin levels and the occurrence of anaemia in 
pregnant women before and after flour fortification and reported 
a prevalence rate of 27.2% in the unfortified group and 11.5% 
in the fortified group (p < 0.001). The study by Bagni et al. (32) 
used rice fortified with iron in anaemic pre-school children and 
indicated that the prevalence of anaemia decreased significantly 
(p < 0.01) from 37.8% to 23.3% in the intervention group and 
from 45.4% to 33.3% in the control group. Moreira-Araújo et al. 
(7) conducted a nutritional intervention with cookie formulations 

Table III. Consumption of CWFFeFA and 
CCFFeZn + WFFeFA by the study groups

Children

Consumption (%)

CWFFeFA CCFFeZn + WFFeFA

30 g < 30 g 30 g < 30 g 

Maternal 97.6 2.4 94.2 5.8 

Period I 97.4 2.6 91.7 8.3 

Period II 97.1 2.9 93.6 6.4 

Mean % 97.4 2.6 94.3 5.7 
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containing chickpea, bovine lung, and corn and observed that the 
prevalence of anaemia decreased from 61.5% to 11.5%. 

In this context, Moreira-Araújo et al. (12) used a cookie formula-
tion prepared with cowpea using the cultivar BRS-Guaribas during 
a nutritional intervention among pre-school children, of which 36 
(31%) were anaemic. After intervention, the formulation signifi-
cantly decreased the prevalence of anaemia from 31% (n = 36) 
to 0.8% (n = 1), thereby confirming the importance of fortification 
for anaemia control and/or increasing haemoglobin levels.

Figure I shows that after the administration of CWFFeFA to G1 
and CCFFeZn + WFFeFA to G2, haemoglobin levels increased sig-
nificantly (p = 0.0754) from 12.4 to 14.7 in G2, while the increase 
in G1 was lower (from 12.6 to 12.7) and not significant (p = 0.587), 
indicating that the suggested intervention ensured a significant in-
crease in haemoglobin levels among pre-school children. 

By the adequacy of the diet offered at the CMEIs, it was found 
that the nutritional recommendation of 30% of the RDI proposed 
by the CMEIs, according to the National School Meals Program 
(PNAE) (19) for the age groups 1-3 years and 4-6 years –consid-
ering that these children remained part-time at the CMEIs– was 
met in both age groups with respect to the intake of calories, 
proteins, and vitamin C. The iron levels offered in the CMEIs did 
not achieve the 30% RDI and corresponded to 10.8% of the RDI 
for all age groups. The RDI for iron is 6 g/day for children aged 
1-6 years (33). With the addition of CCFFeZn + WFFeFA in the 
diet, iron supply was adequate for all age groups.

Of note, the impact of the nutritional intervention was higher 
than the impact of drug therapy because the acceptance rate 
of cookies and the level of enrolment in the study were high. 
Moreover, supplementation with ferrous sulphate faces resis-
tance among children and their parents because of adverse ef-
fects including vomiting, diarrhoea, stained teeth, constipation, 
and cramps, in addition to forgetting to take the ferrous sulphate 
supplement and rejection by the child (34).

CONCLUSION

The use of two types of fortified cookie formulations (one pre-
pared with fortified cowpea flour and the other prepared with forti-
fied wheat flour) decreased the prevalence of anaemia among pre-
school children, and the consumption of the food product prepared 
with enriched cowpea flour led to a more pronounced decrease in 
anaemia. Therefore, cowpea is a viable option for use in nutritional 
intervention because of its low cost and routine use by the popu-
lation, and this ingredient resulted in a food product with adequate 
composition and acceptance by the population. In addition, its ef-
fectiveness as a dietary supplement in the control of iron-deficiency 
anaemia was demonstrated.
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Resumen
Introducción: el objetivo de este trabajo fue evaluar la prevalencia de sobrepeso, obesidad, obesidad abdominal y baja estatura entre la población 
adulta de Rosario (Argentina).

Material y métodos: se llevó a cabo un estudio nutricional transversal en Rosario (2012-2013), entrevistando una muestra aleatoria (n = 1.194) 
de la población adulta (18-70 años). Se realizaron mediciones antropométricas y un cuestionario general de características sociodemográfi cas, 
estilo de vida, nivel de educación y actividad física.

Resultados: este estudio encontró una alta prevalencia de sobrepeso y obesidad entre la población adulta en Rosario. La prevalencia de 
sobrepeso fue del 32,7% (43,9% en hombres y 27,6% en las mujeres, p < 0,001), de obesidad fue 23,5% (21,6% en hombres y 24,3% en las 
mujeres) y de obesidad abdominal fue de 57,5% (63,5% en los hombres y 54,8% en las mujeres, p < 0,005). El análisis multivariado mostró 
que la prevalencia de sobrepeso/obesidad y obesidad abdominal aumentó según la edad y la obesidad abdominal se redujo en hombres con 
elevada práctica de actividad física. En las mujeres, la prevalencia de sobrepeso/obesidad y obesidad abdominal aumentó con la edad, el estado 
civil (casado o en pareja), la presencia de al menos un niño en casa y bajo nivel educativo.

Conclusión: la prevalencia de talla baja fue mayor en las mujeres (16,4% vs. 8,4%, p < 0,001) y estaba relacionada con la edad, el sobrepeso 
y la obesidad abdominal.

Abstract
Introduction: The aim of this work was to assess the prevalence of overweight, obesity, abdominal-obesity and short stature among Rosario 
(Argentina) adult population.

Materials and methods: A cross-sectional nutritional survey was carried out in Rosario (2012-2013). A random sample (n = 1194) of adult 
population (18-70 years old) was interviewed. Anthropometric measurements and a general questionnaire incorporating questions related to 
socio-demographic and lifestyle characteristics, education level and physical activity were used.

Results: The current study detected a high prevalence of overweight and obesity among adult population in Rosario. The prevalence of overweight 
was 32.7% (43.9% in men and 27.6% in women, p < 0.001), of obesity was 23.5% (21.6% in men and 24.3% in women), and of abdominal 
obesity was 57.5% (63.5% in men vs. 54.8% in women, p < 0.005). Multivariate analysis showed that the prevalence of overweight/obesity 
and abdominal obesity increased according the age and abdominal obesity decreased with high physical activity in men. In women prevalence 
of overweight/obesity, and abdominal obesity increased with age, marital status (married or coupled), presence of at least one child at home 
and low educational level.

Conclusion: The prevalence of short stature was higher in women (16.4% vs. 8.4%, p < 0.001) and was related with age, overweight and 
abdominal obesity.
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INTRODUCTION

During the last century, industrialization, urbanization, economic 
development and the globalization have led to changes in the diet 
and lifestyle of people, with deep consequences on the health and 
nutritional status of the population. The economic transition that 
followed the industrialization came associated with demograph-
ic, epidemiological and nutritional transitions that have impact-
ed producing important nutritional changes in urban and rural 
households, due to a multiplicity of factors that have influenced 
the lifestyle and food consumption patterns (1,2).

The World Health Organization (WHO) recognizes high blood 
pressure, tobacco use, high blood glucose, physical inactivity, 
and overweight and obesity as the leading global risk for mortal-
ity in the world. Overweight and obesity are responsible for 5% 
of deaths globally. A high body mass index (BMI) is a risk factor 
which account for cardiovascular and ischemic heart disease, 
the leading cause of death worldwide (3). WHO has defined 
obesity as the epidemic of the 21st century, which has high 
impact on morbidity and mortality, health and quality of life. The 
worldwide prevalence of obesity has almost doubled between 
1980 and 2008 (4). Latin America has changed from a condition 
of high prevalence of low weight and deficit of growth towards a 
scenario marked by an increase in obesity and chronic diseases 
such as cardiovascular diseases, diabetes and cancer (5-8). 
Levels of overweight and obesity across low- and middle-in-
come countries have approached levels found in higher-income 
countries (9).

The aim of this work was to assess the prevalence of over-
weight, obesity, abdominal-obesity and short stature among Ros-
ario (Argentina) adult population.

MATERIALS AND METHODS

STUDY DESIGN

The present study is a population based cross-sectional nutri-
tional survey carried out in the Rosario city (Argentina) between 
October 2012 and June 2013.

SAMPLE

The target population consisted of all inhabitants living in 
Rosario aged 18-70 years. The theoretical sample size was 
calculated take into account the prevalence of overweight 
and obesity (53.0%), inadequate energy intake (57.0%), low 
physical activity (51%) of Argentinian National Nutritional Sur-
vey (10) and the prevalence of overweight and obesity (53.4%), 
smoking habit (27.1%) and daily consumption of fruits (35.7%) 
and vegetables (37.6%) of Argentinian National Risk Factors 
Survey (11) and then was adjusted according to the Rosario 
census (12). The sample was set at a minimum of 365 men 
and 374 women in order to provide a specific relative preci-

sion of 5% (type I error = 0.05; type error II = 0.10) and 95% 
of confidence. The sampling technique included stratification 
according to age and sex of inhabitants, and random selection 
within subgroups in each Rosario Municipal District Centers 
(MCD) located in the six areas of the city (center, north, south, 
east, southwest, northwest) being the primary sampling units, 
and individuals within these district comprising the final sample 
units. Participants were recruited by opportunistic sampling at 
all Municipal District Centers (MCD) of Rosario. The final sample 
size was 1194 individuals, 373 men and 827 women. Pregnant 
and lactating women were excluded.

ETHICS

The project was approved by the Committee of Ethics in 
Research of the Public Health Secretary of Rosario Municipality 
(Resolution no. 1816/2010) on September 5, 2012, and author-
ized by the Sub Secretariat General of the Rosario Municipality.

All the aspects involved in the development of this project be 
undertaken by adhering to national and international regulations 
and the criteria referred to in the principles contained in the Dec-
laration of Helsinki and of the law on secret statistical no. 17622 
which guarantees the anonymity of the participants and the con-
fidentiality of the information during the processing of the data. 
Each participant signed an informed consent prior to the survey.

ANTHROPOMETRIC MEASUREMENTS

Body weight was determined using a digital scale (OMROM® 
HBF - 500INT, Kyoto, Japan) to the nearest 100 g. The subjects 
were weighed in bare feet and minimum clothes wear, which was 
accounted for by subtracting the weight of the clothing that had 
not been removed, taking standard reference values. Height was 
determined using a portable anthropometer (CAM®, Buenos Aires, 
Argentina) to the nearest millimeter, with the subject standing, 
back to stadiometer, in bare feet, with the subject’s head in the 
Frankfurt plane (the line from the auditory meatus to the lower 
border of the eye orbit). Waist circumference was determined 
using an inextensible and flexible measuring tape (Sanny med-
ical®, SN- 40, Jaipur, India) to the nearest millimeter, and was 
measured with the subject of foot, on the horizontal plane equi-
distant between the bottom edge of the last rib and iliac crest, 
after an inspiration and deep exhalation, both were measured 
without clothes. Anthropometric measurements were performed 
by well-trained students of the last year of nutrition carrier in 
order to avoid the inter-observer coefficients of variation. Accord-
ing to the WHO classification the prevalence of overweight (BMI 
25 to 29.9 kg/m2) and obesity (BMI ≥ 30 kg/m2) was calculated. 
Waist-to-height ratio (WHtR) was also calculated, and a cut-off of 
0.5 was used to define abdominal obesity for men and women 
(13). Short stature in adulthood was defined as height < 153 cm 
among females and < 164 cm among males, according to the 
percentile 10 of national references (14).
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GENERAL QUESTIONNAIRE

A questionnaire incorporating the following questions was used: 
age, marital status (single; married/coupled; unmarried/divorced/
widowed), living with at least one children (yes; no), education 
level (grouped according to complete years of formal education: 
low, ≤ 7 years; medium, 8-11 years; high ≥ 12 years), profession-
al profile (grouped into student; unemployed; employed), smoking 
habits (yes; no), alcohol intake (yes; no) were utilized.

Physical activity level was evaluated according to the guide-
lines for data processing and analysis of the International Physical 
Activity Questionnaire (IPAQ) (15) in the short form (SF) to Argen-
tina. The IPAQ-SF assesses four domains of physical activity over 
the previous week, including vigorous activity (i.e. activities that 
make breathing much harder than normal), moderate activity 
(i.e. activities that make breathing somewhat harder than nor-
mal), walking and time spent sitting. Data from the IPAQ-SF were 
scored as per the IPAQ-SF scoring protocol and classifieds into 
three categories (low; moderate; high) (16) according to the total 
time and METs (Estimated Metabolic Equivalents) by week.

STATISTICAL METHODS

Analyses were performed using SPSS version 21.0 (SPSS Inc., 
Chicago, IL, USA) and STATA version 12.1 (StataCorp, College 
Station, Texas, USA). Differences between group means were 
tested by an unpaired Students’ t-test. Logistic regression mod-
els with the calculations of corresponding odds ratio (OR) and 
95% confidence interval (CI) were used to examine the possible 
association between socio-demographic and lifestyle character-
istics (independent variables) and overweight/obesity, abdomin-
al-obesity and short stature (dependent variables). Multivariate 
analysis with adjustment for age was first carried out for all the 
socio-demographic and lifestyle variables that could be associ-
ated with the frequency of overweight/obesity, abdominal obesity 
and short stature. Multivariate analyses with adjustment for all 
variables were also used to examine the effect of the sociodemo-
graphic and lifestyle variables on the prevalence of overweight/
obesity, abdominal obesity and short stature. Level of significance 
for acceptance was p < 0.05.

RESULTS

Table I shows the characteristics of participants. Married or 
coupled was the most representative marital status in both sexes. 
More than half of participants lived with children. There were more 
men employed and more students among women. Smoking habit 
didn’t show differences between sexes while alcohol consumption 
was higher in men. Women were less active than men.

The overall prevalence of overweight and obesity estimated 
for the adult population of Rosario was 32.7% (CI 95% 30.1-
35.4) and 23.5% (CI 95% 21.1-25.9%) respectively (Table II). 
Overweight was higher in men than women (43.9 vs. 27.6%, 

p < 0.001) while obesity was similar in both (21.6% vs. 24.3%). 
The prevalence of abdominal obesity (WtHR > 0.5) was 57.5%, 
higher in men than women (63.5% vs. 54.8%, p < 0.005).

Weight, height and waist circumference showed significant dif-
ferences between men and women of all age groups; weight and 
waist circumference increased with age, while height decreased. 
The mean BMI was lower than 25 kg/m2 only in 18-30 y.o. sub-
jects, with no differences between sexes. The prevalence of over-
weight was higher in men at all studied ages, while the prevalence 
of obesity didn’t show differences between sexes. Abdominal 
obesity increased according to age and was higher among men 
(Table II).

Overweight/obesity and abdominal obesity in men showed 
positive relation only with age (Table III). The risk of overweight/
obesity tripled between age groups; the risk of abdominal obesity 
was 2.85 times higher at age 31-50 years and 9.08 times at age 
51-70 years in comparison to the youngest group (18-30 years). 
Both showed significant differences after adjustment by all 
explanatory variables. Abdominal obesity had negative association 
with physical activity level. There were not significant differences 
in the prevalence of overweight/obesity and abdominal obesity 
according to the socio-demographic and lifestyle characteristics 
(Table III).

In women overweight/obesity and abdominal obesity were relat-
ed with age, marital status, presence of children at home and 
educational level. The age was the variable that showed a great-
er relationship with overweight/obesity and abdominal obesity. 
From a group to the following one, the prevalence increased 
2-3 fold, being significant after adjusting for all covariates; the 
same scenario was observed among men. Married or coupled 
women showed higher risk. Although the risk of abdominal obesity 
remained after adjustment for all covariates, the risk of over-
weight/obesity disappeared after adjustment by all explanatory 
variables. The risk of overweight/obesity and abdominal obesity, 
after adjustment by age, was double in women with at least one 
child at home. The prevalence of overweight/obesity and abdom-
inal obesity decreased according to the increase of educational 
level. The risk of overweight/obesity, adjusted by all covariates, 
was lower 65% in women with medium level and 81% among 
those with high education level, whereas the risk of abdominal 
obesity was lower four times in women with medium education 
level and nine times in women with high level; this association 
was different after adjustment for all the explanatory variables. 
Abdominal obesity was higher in non-smokers women and in 
those that not consume alcohol. Women with medium physical 
activity level showed the highest risk of abdominal obesity, being 
significant after adjustment by all explanatory variables (Table IV).

The prevalence of short stature was 16.4% in women and 
8.4% in men (p < 0.001). Men with less education (p = 0.031) 
and unemployed (p = 0.016) showed higher prevalence of height 
below p10, while in women the prevalence of short stature 
increased according to age (p = 0.001), decreased according 
to the educational level (p = 0.005), was lower in single women 
(p = 0.009), higher in women who did not consume alcohol 
(p = 0.007) and decreased according to the increase of physical 
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activity practice (p = 0.027). Women with overweight and abdom-
inal obesity showed higher prevalence of short stature. The risk of 
short stature in women, adjusted by age, was higher according to 
the age, to the lower education level, to the alcohol consumption, 
and to overweight and abdominal obesity. After adjustment for all 
explanatory variables, age, abdominal obesity and medium physic-
al activity level showed association with short stature (Table V).

DISCUSSION

The present results reveal the magnitude of overweight/
obesity and abdominal obesity among adult population of Ros-

ario, Argentina. Levels of overweight and obesity across low- and 
middle-income countries showed similar levels to those found in 
 higher-income countries, particularly in the Middle East, North 
Africa, Latin America and the Caribbean[9]. The observed preva-
lence of overweight and obesity (32.7% and 23.5% respectively) is 
closely related with the observed at the Argentinian national level 
in successive years that was conducted by the National Survey of 
Risk Factors for No Communicable Diseases (NSRF) (11,17,18). 
The prevalence of overweight and obesity in 2005 was 34.4% and 
14.6% (11); in 2009 35.4% and 18.0% (17); in 2013 37.1% 
and 20.8% (18), respectively. The higher prevalence of overweight 
observed in men (43.9 vs. 27.6%, p < 0.0001) also matches 
to the NSRF at Argentinian national level (43.2% in men and 

Table I. Socio-demographic characteristics of study participants
Total (n = 1,194) Men (n = 371) Women (n = 823) p*

% 31.1 68.9

Age (years)† 39.5 ± 15.0 39.7 ± 14.7 39.4 ± 15.1 0.710

 18 - 30 39.3 37.7 40.0

 31 - 50 34.3 35.8 33.7

 51 - 70 26.4 26.4 26.4

Educational level (%)‡ 0.140

 Low 24.8 21.6 26.2

 Medium 60.8 62.0 60.3

 High 14.4 16.4 13.5

Marital status (%)‡ 0.024

 Single 37.6 41.0 36.1

 Married or coupled 52.7 52.6 52.7

 Separated, divorced, widowed 9.7 6.5 11.2

Living with children (%)‡ < 0.001

 None 43.2 33.4 47.6

 At least one child at home 56.8 66.6 52.4

Professional profile (%)‡ < 0.001

 Student 10.1 7.0 11.6

 Unemployed 22.0 12.7 26.3

 Employed 67.8 80.3 62.2

Smoking habits (%)‡ 0.251

 No 78.0 76.0 78.9

 Yes 22.0 24.0 21.1

Alcohol consumption (%)‡ < 0.001

 No 32.3 20.2 37.8

 Yes 67.7 79.8 62.2

PA level (%)‡ < 0.001

 Low 51.9 46.4 54.4

 Medium 31.9 30.5 32.6

 High 16.2 23.2 13.0

Data were expressed as †mean ± standard deviation, and ‡%; *Gender differences were tested by means of χ2.
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28.4% in women) and in Santa Fe province (45.8% in men and 
27.0% in women) (17). Obesity prevalence was no different 
between sexes, being slightly higher in women (21.6% in men 
and 24.3% in women), although the NRFS showed a higher preva-
lence in men at Argentinian national level (19.1% vs. 17.1%) and 
in Santa Fe province (20.5% vs. 19.7%) (17).

The association between sociodemographic and lifestyle factors 
and overweight/obesity and abdominal obesity in Rosario adult 
population showed that age is one of the strength factors associ-
ated with the prevalence, whereas in women the educational level 
was strongly associated with overweight/obesity and abdominal 
obesity. NSRF showed that the prevalence of overweight and 

Table II. Anthropometric characteristics, overweight, obesity and abdominal-obesity 
prevalence among adult population1,2

Men Women

n mean ± SD, % n mean ± SD, % p2

Weight (kg)† 371 81.6 ± 14.7 823 67.9 ± 15.5 < 0.001

 18-30 years-old 140 75.1 ± 12.6 329 62.3 ± 13.1 < 0.001

 31-50 years-old 133 85.0 ± 14.5 277 70.9 ± 16.5 < 0.001

 51-70 years-old 98 86.5 ± 14.7 217 72.6 ± 14.9 < 0.001

Height (cm)† 371 173.6 ± 7.1 823 160.0 ± 6.5 < 0.001

 18-30 years-old 140 174.3 ± 7.2 329 161.5 ± 6.0 < 0.001

 31-50 years-old 133 174.3 ± 6.9 277 159.8 ± 6.7 < 0.001

 51-70 years-old 98 171.7 ± 6.9 217 158.2 ± 6.4 < 0.001

BMI (kg/m2)† 371 27.1 ± 4.6 823 26.6 ± 6.3 0.136

 18-30 years-old 140 24.6 ± 3.5 329 23.9 ± 5.0 0.073

 31-50 years-old 133 28.0 ± 4.6 277 27.8 ± 6.7 0.788

 51-70 years-old 98 29.3 ± 4.6 217 29.1 ± 6.0 0.687

Prevalence of overweight (%)‡ 371 43.9 823 27.6 < 0.001

 18-30 years-old 140 35.7 329 19.5 < 0.001

 31-50 years-old 133 48.9 277 30.3 < 0.001

 51-70 years-old 98 49.0 217 36.4 0.035

Prevalence of obesity (%)‡ 371 21.6 823 24.3 0.301

 18-30 years-old 140 7.1 329 10.9 0.206

 31-50 years-old 133 25.6 277 30.0 0.356

 51-70 years-old 98 36.7 217 37.3 0.920

Waist circumference (cm)† 370 93.3 ± 13.7 818 84.5 ± 15.6 < 0.001

 18-30 years-old 140 84.7 ± 9.8 329 76.9 ± 12.8 < 0.001

 31-50 years-old 133 95.2 ± 11.7 274 87.1 ± 15.7 < 0.001

 51-70 years-old 97 103.1 ± 13.5 215 92.8 ± 13.9 < 0.001

WHtR† 370 0.54 ± 0.08 818 0.53 ± 0.10 0.112

 18-30 years-old 140 0.49 ± 0.05 329 0.48 ± 0.08 0.165

 31-50 years-old 133 0.55 ± 0.07 274 0.55 ± 0.10 0.945

 51-70 years-old 97 0.60 ± 0.08 215 0.59 ± 0.09 0.209

Prevalence of abdominal-obesity (%)‡ 370 63.5 818 54.8 0.005

 18-30 years-old 140 37.1 329 30.1 0.135

 31-50 years-old 133 71.4 274 62.8 0.085

 51-70 years-old 97 90.7 215 82.3 0.055

BMI: body mass index; WHtR: waist-to-height ratio. 1Data were expressed as †mean ± standard deviation, and ‡%. 2Gender differences were tested by an †unpaired 
Students’ t-test, and by ‡χ2.
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obesity at Argentinian national level was rising according the age 
(17.9% and 3.9% at 18 to 24y to 41.7% and 22.8% at 60 to 64y, 
overweight and obesity respectively) (11).

In Argentina, previous studies have seen that among women, 
higher education was associated with better risk factor profiles 
for non-communicable diseases in all areas and more strongly in 
more urban than in less urban areas (19). Rosario is an urban city, 
according with the last census in Rosario live 1193605 inhabitants, 
and 739025 are 20 to 69 year old adults (12), becoming the third 
city with most population in Argentina. The NSRF (17) showed that 

obesity were the most prevalent in women with low educational 
level. Between 2005 and 2009, the prevalence of obesity in women 
with low education increased 7.5 points (23.6% in 2005 to 31.1% 
in 2009) while in high education just increased 1.7 points (10.1% 
to 11.8%). However, in men the increase of obesity was around 
4 points in all educational levels (20). In Latin America women with 
higher levels of education showed the lowest levels of obesity (21-
24). Maternal overweight and obesity are associated with maternal 
morbidity, preterm birth, and increased infant mortality (25). Preva-
lence of overweight (BMI ≥ 25 kg/m²) and obesity (BMI ≥ 30 kg/m²) 

Table III. Socio-demographic and lifestyle characteristics among men classified as 
overweight/obesity (BMI ≥ 25 kg/m2) and abdominal-obese (WHtR ≥ 0.5)1,2

Overweight/obesity Abdominal-obesity

BMI
< 25 kg/m2

BMI
≥ 25 kg/m2

Age-adjusted OR1

(95% CI)

Additionally-
adjusted OR2

(95% CI)

WHtR
< 0.5

WHtR
≥ 0.5

Age-adjusted OR1

(95% CI)

Additionally-
adjusted OR2

(95% CI)

Age group

 18-30 years-old 57.1 42.9 1.00 (ref.) 1.00 (ref.) 62.9 37.1 1.00 (ref.) 1.00 (ref.)

 31-50 years-old 25.6 74.4 3.88 (2.32-6.49)*** 2.97 (1.57-5.63)** 28.6 71.4 4.23 (2.54-7.04)*** 2.85 (1.50-5.41)**

 51-70 years-old 14.3 85.7 8.00 (4.15-15.44)*** 6.72 (2.92-15.44)***  9.3 90.7 16.55 (7.69-35.62)*** 9.08 (3.69-22.33)***

Marital status

 Single 50.0 50.0 1.00 (ref.) 1.00 (ref.) 57.2 42.8 1.00 (ref.) 1.00 (ref.)

 Married/coupled 24.1 75.9 1.26 (0.71-2.23) 1.02 (0.51-2.04) 22.7 77.3 1.32 (0.73-2.38) 1.41 (0.69-2.88)

  Unmarried/
divorced/ 
widowed 

20.8 79.2 1.06 (0.33-3.40) 1.07 (0.33-3.49) 16.7 83.3 1.12 (0.31-4.07) 1.76 (0.49-6.27)

Living with children

 None 41.7 58.3 1.00 (ref.) 1.00 (ref.) 44.5 55.5 1.00 (ref.) 1.00 (ref.)

  At least one child 
at home

20.2 79.8 1.56 (0.88-2.75) 1.38 (0.69-2.74) 20.3 79.7 1.25 (0.68-2.30) 1.36 (0.66-2.82)

Educational level

 Low 23.8 76.3 1.00 (ref.) 1.00 (ref.) 25.0 75.0 1.00 (ref.) 1.00 (ref.)

 Medium 38.7 61.3 0.64 (0.34-1.20) 0.63 (0.34-1.20) 41.5 58.5 0.63 (0.32-1.23) 0.62 (0.32-1.20)

 High 32.8 67.2 0.57 (0.25-1.26) 0.49 (0.21-1.12) 32.8 67.2 0.53 (0.23-1.25) 0.60 (0.25-1.43)

Professional profile

 Student 61.5 38.5 1.00 (ref.) 1.00 (ref.) 65.4 34.6 1.00 (ref.) 1.00 (ref.)

 Unemployed 36.2 63.8 1.00 (0.19-1.88) 0.78 (0.25-2.40) 28.3 71.7 0.79 (0.23-2.67) 1.10 (0.33-3.66)

 Employed 31.9 68.1 1.32 (0.55-3.16) 1.47 (0.59-3.62) 35.2 64.8 0.90 (0.36-2.24) 0.60 (0.25-1.43)

Smoking habit

 No 32.1 67.9 1.00 (ref.) 1.00 (ref.) 36.0 64.0 1.00 (ref.) 1.00 (ref.)

 Yes 40.6 59.4 0.84 (0.51-1.38) 0.77 (0.45-1.30) 37.7 62.3 1.29 (0.76-2.21) 1.19 (0.68-2.06)

Alcohol consumption

 No 33.3 66.7 1.00 (ref.) 1.00 (ref.) 34.7 65.3 1.00 (ref.) 1.00 (ref.)

 Yes 34.8 65.2 0.97 (0.55-1.74) 1.04 (0.57-1.90) 36.9 63.1 0.96 (0.52-1.77) 1.06 (0.56-2.00)

PA level

 Low 29.7 70.3 1.00 (ref.) 1.00 (ref.) 28.7 71.3 1.00 (ref.) 1.00 (ref.)

 Medium 34.5 65.5 0.86 (0.50-1.50) 0.86 (0.49-1.51) 30.1 69.9 1.09 (0.60-1.98) 1.08 (0.60-1.96)

 High 44.2 55.8 0.85 (0.48-1.53) 0.76 (0.42-1.38) 60.5 39.5 0.42 (0.22-0.77)** 0.37 (0.20-0.68)**

BMI: body mass index; WHtR: waist-to-height ratio; OR: odds ratio; CI: confidence interval; PA: physical activity.
1Univariate analysis (logistic regression analysis considering the effect of one explanatory variable).*p < 0.05, **p < 0.01, ***P < 0.001.
2Multivariate analyses (multiple logistic regressions considering the simultaneous effect of all the explanatory variables).*p < 0.05, **p < 0.01, ***p < 0.001.
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has been rising in all regions, together reaching more than 70% 
in the Americas and the Caribbean and more than 40% in Africa 
by 2008 (26,27), but Americas showed the highest proportion of 
overweight and obese women (25).

It is well recognized that WHtR is a good predictor for morbidity 
and mortality (28). Even though BMI is commonly used as a meas-
ure of overall adiposity and classify risk level to various chron-
ic illnesses (29,32), growing evidence suggests that a central 
(abdominal) fat distribution pattern, evidenced by a higher waist 
circumference or WHtR, might be a better measure of risk (33-41). 
Growing and strong evidence supports the use of the WHtR as 
a more sensitive measurement than BMI as an early warning of 

health risks (42-44) and it could be more closely associated with 
central obesity than BMI (45) and even better than waist circum-
ference by the adjustment to different statures (46,47). The risk 
level in the current study was rated to WHtR ≥ 0.50, according this 
cut off point the prevalence of abdominal obesity was 57.5%. The 
risk level across gender was also increased, with WHtR of 63.5% 
and 54.8% among men and women, respectively, with men to 
have more central obesity than women (p < 0.005). In Argentina, 
population-based studies which used WHtR to estimate central 
obesity were not found. In Bahia (Brazil) the observed prevalence 
was 65,3% among women and 44,5% in men (48), while in 
Florianópolis (Brasil) was 38,9% and 50,5%, respectively (49). 

Table IV. Socio-demographic and lifestyle characteristics among women classified as 
overweight/obesity (BMI ≥ 25 kg/m2) and abdominal-obese (WHtR ≥ 0.5)1,2

Overweight/obesity Abdominal-obesity

BMI
< 25 kg/m2

BMI
≥ 25 kg/m2

Age-adjusted 
OR1

(95% CI)

Additionally-
adjusted OR2

(95% CI)

WHtR
< 0.5

WHtR
≥ 0.5

Age-adjusted 
OR1

(95% CI)

Additionally-
adjusted OR2

(95% CI)

Age group

 18-30 years-old 69.6 30.4 1.00 (ref.) 1.00 (ref.) 69.9 30.1 1.00 (ref.) 1.00 (ref.)

 31-50 years-old 39.7 60.3 3.48 (2.48-4.87)*** 2.29 (1.49-3.52)*** 37.2 62.8 3.92 (2.79-5.50)*** 2.40 (1.53-3.76)***

 51-70 years-old 26.3 73.7 6.43 (4.38-9.43)*** 4.34 (2.67-7.06)*** 17.7 82.3 10.82 (7.09-16.51)*** 7.00 (4.10-11.97)***

Marital status

 Single 67.0 33.0 1.00 (ref.) 1.00 (ref.) 68.6 31.4 1.00 (ref.) 1.00 (ref.)

 Married/coupled 38.5 61.5 1.75 (1.23-2.50)** 1.49 (0.99-2.24) 33.0 67.0 2.14 (1.49-3.09)*** 2.02 (1.32-3.09)**

Unmarried/divorced/ widowed 32.6 67.4 1.25 (0.68-2.27) 1.32 (0.71-2.45) 27.2 72.8 1.30 (0.69-2.46) 1.49 (0.77-2.89)

Living with children

 None 60.8 39.2 1.00 (ref.) 1.00 (ref.) 59.3 40.7 1.00 (ref.) 1.00 (ref.)

 At least one child at home 34.2 65.8 1.98 (1.45-2.71)*** 1.32 (0.90-1.92) 29.6 70.4 2.08 (1.50-2.88)*** 1.21 (0.81-1.82)

Educational level

 Low 25.0 75.0 1.00 (ref.) 1.00 (ref.) 18.7 81.3 1.00 (ref.) 1.00 (ref.)

 Medium 54.4 45.6 0.31 (0.21-0.45)*** 0.35 (0.24-0.53)*** 52.1 47.9 0.22 (0.14-0.33)*** 0.26 (0.17-0.42)***

 High 64.9 35.1 0.17 (0.10-0.29)*** 0.19 (0.11-0.33)*** 65.8 34.2 0.10 (0.05-0.17)*** 0.11 (0.06-0.20)***

Professional profile

 Student 69.5 30.5 1.00 (ref.) 1.00 (ref.) 70.5 29.5 1.00 (ref.) 1.00 (ref.)

 Unemployed 33.8 66.2 1.53 (0.85-2.73) 1.12 (0.60-2.07) 26.2 73.8 1.94 (1.07-3.53)* 1.34 (0.70-2.58)

 Employed 50.3 49.7 1.06 (0.64-1.76) 1.17 (0.68-2.04) 48.6 51.4 0.98 (0.58-1.65) 1.32 (0.74-2.36)

Smoking habit

 No 47.0 53.0 1.00 (ref.) 1.00 (ref.) 43.3 56.7 1.00 (ref.) 1.00 (ref.)

 Yes 51.4 48.6 0.93 (0.67-1.31) 0.79 (0.55-1.12) 51.0 49.0 0.80 (0.57-1.14) 0.63 (0.43-0.92)*

Alcohol consumption

 No 33.3 66.7 1.00 (ref.) 1.00 (ref.) 37.5 62.5 1.00 (ref.) 1.00 (ref.)

 Yes 34.8 65.2 0.74 (0.54-1.00) 0.94 (0.68-1.30) 49.9 50.1 0.64 (0.46-0.88)** 0.92 (0.65-1.30)

PA level

 Low 48.2 51.8 1.00 (ref.) 1.00 (ref.) 46.5 53.5 1.00 (ref.) 1.00 (ref.)

 Medium 46.3 53.7 1.07 (0.77-1.49) 1.07 (0.76-1.50) 38.3 61.7 1.48 (1.05-2.09)* 1.51 (1.05-2.18)*

 High 52.3 47.7 1.06 (0.68-1.66) 1.28 (0.79-2.06) 57.0 43.0 0.82 (0.52-1.31) 1.01 (0.61-1.67)

BMI: body mass index; WHtR: waist-to-height ratio; OR: odds ratio; CI: confidence interval; PA: physical activity.
1Univariate analysis (logistic regression analysis considering the effect of one explanatory variable). *p < 0.05, **p < 0.01, ***p < 0.001.
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Table V. Socio-demographic and lifestyle characteristics among adult population classified 
as short stature (< p10)1,2

Men Women

Height
< p10

Height
≥ p10

Age-adjusted 
OR1

(95% CI)

Additionally-
adjusted OR2

(95% CI)

Height
< p10

Height
≥ p10

Age-adjusted 
OR1

(95% CI)

Additionally-
adjusted OR2

(95% CI)

Age group

 18-30 years-old 7.1 92.9 1.00 (ref.) 1.00 (ref.) 9.7 90.3 1.00 (ref.) 1.00 (ref.)

 31-50 years-old 6.8 93.2 0.94 (0.37-2.40) 1.09 (0.33-3.64) 17.3 82.7 1.95 (1.21-3.14)** 1.56 (0.85-2.87)

 51-70 years-old 12.2 87.8 1.81 (0.75-4.38) 1.36 (0.37-4.99) 25.3 74.7 3.15 (1.96-5.07)*** 2.01 (1.06-3.81)*

Marital status

 Single 8.6 91.4 1.00 (ref.) 1.00 (ref.) 12.1 87.9 1.00 (ref.) 1.00 (ref.)

 Married/coupled 7.7 92.3 0.52 (0.20-1.38) 0.38 (0.11-1.31) 17.5 82.5 1.00 (0.62-1.62) 0.91 (0.53-1.56)

 Unmarried/divorced/widowed 12.5 87.5 0.78 (0.17-3.56) 0.72 (0.13-3.94) 25.0 75.0 1.12 (0.56-2.26) 1.22 (0.59-2.51)

Living with children

 None 8.9 91.1 1.00 (ref.) 1.00 (ref.) 18.6 81.4 1.00 (ref.) 1.00 (ref.)

 At least one child at home 8.1 91.9 0.93 (0.42-2.06) 1.84 (0.63-5.35) 14.4 85.6 1.04 (0.71-1.54) 0.76 (0.48-1.20)

Educational level

 Low 15.0 85.0 1.00 (ref.) 1.00 (ref.) 23.1 76.9 1.00 (ref.) 1.00 (ref.)

 Medium 7.4 92.6 0.50 (0.22-1.12) 0.47 (0.20-1.11) 14.7 85.3 0.66 (0.44-0.99)* 0.73 (0.46-1.15)

 High 3.3 96.7 0.20 (0.04-0.91)* 0.26 (0.05-1.28) 10.8 89.2 0.44 (0.22-0.87)* 0.57 (0.27-1.21)

Professional profile

 Student 7.7 92.3 1.00 (ref.) 1.00 (ref.) 9.5 90.5 1.00 (ref.) 1.00 (ref.)

 Unemployed 19.1 80.9 2.14 (0.36-12.70) 2.66 (0.43-16.45) 19.0 81.0 1.04 (0.44-2.45) 0.94 (0.38-2.29)

 Employed 6.7 93.3 0.72 (0.15-3.52) 1.10 (0.20-5.98) 16.6 83.4 1.16 (0.54-2.50) 1.30 (0.57-2.97)

Smoking habit

 No 8.7 91.3 1.00 (ref.) 1.00 (ref.) 8.7 91.3 1.00 (ref.) 1.00 (ref.)

 Yes 7.5 92.5 0.93 (0.40-2.18) 1.03 (0.42-2.55) 7.5 92.5 1.02 (0.66-1.58) 1.08 (0.69-1.70)

Alcohol consumption

 No 12.0 88.0 1.00 (ref.) 1.00 (ref.) 20.9 79.1 1.00 (ref.) 1.00 (ref.)

 Yes 7.4 92.6 0.59 (0.26-1.35) 0.66 (0.27-1.56) 13.7 86.3 0.64 (0.44-0.93)* 0.70 (0.47-1.04)

PA level

 Low 8.7 91.3 1.00 (ref.) 1.00 (ref.) 19.4 80.6 1.00 (ref.) 1.00 (ref.)

 Medium 11.5 88.5 1.38 (0.63-3.03) 1.12 (0.48-2.62) 13.8 86.2 0.65 (0.43-0.99)* 0.60 (0.38-0.92)*

 High 3.5 96.5 0.43 (0.12-1.56) 0.39 (0.10-1.48) 10.3 89.7 0.54 (0.28-1.06) 0.57 (0.29-1.14)

BMI (kg/m2)

 < 25 7.0 93.0 1.00 (ref.) 1.00 (ref.) 10.9 89.1 1.00 (ref.) 1.00 (ref.)

 ≥ 25 9.1 90.9 1.08 (0.46-2.56) 0.98 (0.28-3.43) 21.5 78.5 1.74 (1.14-2.64)* 0.85 (0.47-1.53)

WHtR

 < 0.5 5.9 94.1 1.00 (ref.) 1.00 (ref.) 8.4 91.6 1.00 (ref.) 1.00 (ref.)

 ≥ 0.5 9.8 90.2 1.40 (0.55-3.60) 1.35 (0.36-5.04) 22.8 77.2 2.53 (1.59-4.03)*** 2.83 (1.47-5.46)**

BMI: body mass index; WHtR: waist-to-height ratio; PA: physical activity.
1Multivariate analysis (multiple logistic regression analysis considering the effect of one explanatory variable adjusted for age (continuous)). *p < 0.05, **p < 0.01, *** p <0.001.
2Multivariate analyses (multiple logistic regressions considering the simultaneous effect of all the explanatory variables).*p < 0.05, **p < 0.01, ***p < 0.001.

In Chile the prevalence of WHtR among people of rural area was 
57.6% in women and 51% in men (50), while in other Chilean 
study considering WHtR > 0.55, 55.6% of adult population were 
abdominally obese (51).

Women showed higher prevalence of short stature, although 
the prevalence decreases according to age increase, which could 
be related to better living conditions that those underwent by 
the Argentinian population in the past decades. In last five dec-
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ades the life expectancy increased 11 years (65 years in 1960 
and 76 years in 2012 in whole population, and from 68.2 years 
to 79.8 years in female (52)), and the mortality under 5 years 
dropped from 73.3 per 1000 in 1969 to 13.3 per 1000 in 2013 
(52). The improvement of health care and health conditions has 
contributed to reduce the prevalence of short stature in women, 
which is in conjunction with the decrease of iron deficiency 
anaemia and hence the risk of death of the mother at delivery. 
Maternal short stature is a risk factor for caesarean delivery, and 
largely related to cephalopelvic disproportion (53). It is well known 
that maternal height influences offspring linear growth over the 
growing period, which includes genetic and non-genetic factors, 
including nutrition-related intergenerational influences on growth 
that prevent the attainment of genetic height potential in low- and 
middle-income countries (54-57).

Short stature was associated with overweight and abdominal 
obesity in women but not in men, several studies have shown 
that short adult stature, a marker for early undernutrition, is a risk 
factor for obesity among women, but not men (58-64).

STRENGTHS AND LIMITATIONS  
OF THE STUDY

This is the first study that analyzes nutritional status and 
food habits of adult population of Rosario (Argentina). The main 
strength of the present study includes a large population-based 
sample that provides greater support for generalization, and take 
the sample in the six districts of the city ensures the inclusion of 
individuals of different geographical points. The use of anthropo-
metric measurements in replacement of the self-report is other 
advantage of the present study. However, this article also has 
several limitations. First, the cross-sectional study design reduced 
the ability to show causality compared with longitudinal studies. 
Second, questionnaires have inherent limitations, mainly because 
they are subjective in nature.

CONCLUSIONS

The current study was able to detect a high prevalence of over-
weight and obesity among adult population in Rosario, increasing 
the risk of many health conditions that may imply high health 
care expenses in the next future. Short stature, a marker for early 
undernutrition, was most prevalent among women than in men, 
with lower prevalence among younger women.

Argentina, like other countries in the region, is now in a post 
nutritional transition stage, with high prevalence of overweight 
and obesity. Then, the nutrition policy, which has been suc-
cessful in reducing undernutrition in the past decades, now 
it should be focused in to decrease the prevalence of obesity 
with integral strategies which should include nutrition in early 
life and during reproductive age, as well to promote physical 
activity, food and nutrition education, and industry and market-
ing food regulation.
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Abstract
Introduction: Regarding the new implications assigned to vitamin D and its association with diseases such as cancer, diabetes, heart and 
autoimmune diseases and mortality, it isn’t surprising that the measurements of the levels of vitamin D in general population had been defended. 
Nevertheless, there aren’t any experimental data which show the viability and rentability of the screening strategy in population, and there is a 
lack of benefi ts for health. That’s why, currently, it is only advisable the measurement of 25 (OH) vitamin D in groups of people at high risk as 
international clinical guides indicate.

Objectives: Analyse vitamin D petitions confi rming if they adequate to clinical guides.

Methods: We carried out a descriptive study in the health area of Badajoz (Spain) studying the petitions for vitamin D analysis for 12 consecutive 
months (n = 3,907), in which we checked the diagnosis requested and the medical records of the patient to select between

petitions that fi t in the clinical guides, and those unjustifi ed. Lastly, we also carried out an economical study.

Results: In our results we found that almost a third of the petitions didn’t fi t the clinical guides, in pathologies like diabetes, dyslipidemia and 
hypertension where the measurement of the vitamin D levels is not recommended, so this would mean an enormous expense for public health. 
This cost it is growing every year, so it has been an increase in requests over 1,000% in the last 6 years.

Conclusions: We conclude with the idea of creating vitamin D petition protocols which fi t the clinical guides until more experimental studies 
about the new implications on vitamin D are published, and fi nally achieve a correct use of the economical resources of the hospital.

Resumen
Introducción: ante las nuevas implicaciones atribuidas a la vitamina D y la asociación con enfermedades tales como el cáncer, diabetes, 
enfermedades cardiovasculares, autoinmunes y mortalidad, no es de extrañar que se haya defendido la medición de los niveles de vitamina D en 
la población general. Sin embargo, no existen datos experimentales que demuestren la viabilidad y rentabilidad de la estrategia de cribado en la 
población y tampoco se ha comprobado la existencia de benefi cios para la salud, por lo que en la actualidad solo es aconsejable la medida de 
25 (OH) vitamina D en los grupos de personas de alto riesgo como indican las guías clínicas internacionales.

Objetivos: analizar las peticiones de vitamina D comprobando si se adecuan a las guías clínicas.

Métodos: realizamos un estudio descriptivo transversal en el Área de Salud de Badajoz (España) estudiando las peticiones de determinación de 
vitamina D durante 12 meses consecutivos (n = 3.907). En dicho estudio revisamos el diagnóstico de petición y la historia clínica del paciente 
para discriminar entre peticiones que se adecuaban a las guías clínicas y peticiones injustifi cadas. Por último, realizamos el estudio económico.

Resultados: en nuestros resultados encontramos que casi un tercio de peticiones no se adecuaban a las guías clínicas, en patologías tales 
como diabetes, dislipemias e hipertensión en las que no está recomendada la medición de los niveles de vitamina D, por lo que suponía un 
exceso de gasto para el sistema sanitario. Gasto que se incrementa cada año, tanto es así que se ha producido un aumento en las peticiones 
de más del 1.000% en los últimos 6 años.

Conclusiones: concluimos la necesidad de crear protocolos de petición de vitamina D que se ajusten a las guías clínicas hasta que existan más estu-
dios experimentales sobre las nuevas implicaciones de la vitamina D y así conseguir una correcta utilización de los recursos económicos del hospital.
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INTRODUCCIÓN

La vitamina D es una de las principales hormonas implicadas 
en el metabolismo óseo y la homeostasis del calcio. La presencia 
de receptores de la vitamina D en una amplia variedad de células 
sugiere que también desempeña un papel muy importante en 
diferentes procesos fisiológicos y de diferenciación y proliferación 
celular. En la actualidad, numerosos artículos en su mayoría des-
criptivos, han puesto de manifiesto la asociación entre el déficit de 
vitamina D y multitud de patologías, entre ellas el cáncer, dislipe-
mias, hipertensión arterial, diabetes, enfermedades cardiovascu-
lares, infecciones, enfermedades metabólicas y mortalidad (1-7), 
aunque, por el contrario, no existen estudios experimentales que 
confirmen tal relación.

En España se han realizado diferentes estudios que indican que 
la población española en general presenta déficit de vitamina D. 
Un estudio realizado en la población española ambulatoria mayor 
de 64 años sin factores de riesgo conocidos de hipovitamino-
sis presentaba unos niveles de 25 (OH) vitamina D en rango de 
deficiencia del 87% (8). También existen estudios en población 
joven, como el realizado en Canarias a estudiantes universitarios 
y que reflejó que el 61% presentan niveles de insuficiencia o 
deficiencia (9). Más recientemente se ha realizado un estudio 
para ver la situación de la población pediátrica y se ha encontrado 
una alta prevalencia de deficiencia de vitamina D sobre todo en 
primavera (10).

El 70% de vitamina D se produce de forma endógena por un 
proceso de fotobiogénesis a partir del 7-dehidrocolesterol y el 
30% restante procede de la ingesta de alimentos ricos en vita-
mina D como los pescados grasos (caballa, sardina, salmón), 
el huevo y, principalmente, los alimentos fortificados con esta 
vitamina, como pueden ser la leche, yogur y mantequilla. Su 
déficit primario principalmente parece estar asociado a la baja 
exposición solar, pero también puede deberse a la escasa ingesta 
de alimentos ricos en vitamina D. Los déficits secundarios son 
debidos a diversas enfermedades que impiden la correcta absor-
ción o hidroxilación de la vitamina D, por lo que los niveles séricos 
están disminuidos. Los principales factores que influyen en los 
niveles de vitamina D son:

–  Exposición solar: la cantidad necesaria de radiación UVB se 
ve afectada por el tiempo de exposición, estación del año, 
latitud, superficie corporal expuesta (el uso de protector solar 
disminuye la síntesis de vitamina D), pigmentación de la piel 
(individuos de piel oscura necesitan más tiempo de exposi-
ción), envejecimiento de la piel (menor cantidad de 7-dehi-
drocolesterol en la piel de ancianos).

–  Ingesta de alimentos ricos en vitamina D: una ingesta baja 
de estos alimentos produce una insuficiencia.

–  La obesidad se asocia a un déficit de vitamina D circulante, 
debido a que la vitamina D se deposita junto con la grasa y 
no se libera a la circulación.

–  Enfermedades y situaciones clínicas que producen la malab-
sorción de las grasas: celiaquía, enfermedad inflamatoria 
intestinal, insuficiencia pancreática, fibrosis quística, coles-
tasis hepática, enfermedad de Crohn, cirugía gástrica.

–  Enfermedades hepáticas y renales que pueden impedir la 
correcta hidroxilación de la vitamina D

–  Ciertos fármacos se asocian con déficit, ya que aumentan el 
catabolismo de la 25 (OH) D como pueden ser los antiepi-
lépticos y glucocorticoides.

La medición de los niveles séricos de 25 (OH) vitamina D total 
es la mejor prueba para evaluar las reservas corporales de vita-
mina D (11), permitiéndonos el diagnóstico y el seguimiento de la 
deficiencia de vitamina D, pero, aunque la deficiencia de vitamina 
D es frecuente, la medición de niveles de 25 (OH) D en suero es 
cara y el cribado universal no se admite.

El aumento exponencial de las peticiones de determinación de 
los niveles séricos de 25 (OH) D en los últimos años hace que sea 
necesaria la adecuación de la demanda de tal determinación, por 
lo que solo es razonable la medida de 25(OH) D en los grupos de 
personas de alto riesgo de déficit de vitamina D que recomiendan 
las guías clínicas internacionales.

Por lo tanto, nuestro objetivo es determinar la adecuación y el 
sobrecoste generado por las peticiones inadecuadas, para ello 
analizamos las peticiones de vitamina D en el Área de Salud de 
Badajoz (España), atendiendo a criterios de petición de las socie-
dades científicas, discriminando entre peticiones justificada y no 
justificada, si no se adecuaban a los criterios de petición de las 
guías clínicas, con el objetivo final de implantar un protocolo de 
petición y conseguir una adecuación de los recursos económicos.

MATERIALES Y MÉTODOS

Se realizó un estudio epidemiológico descriptivo transversal de las 
peticiones de vitamina D realizadas en el Área de Salud de Badajoz 
durante 12 meses consecutivos, con un total de 3.907 peticiones. 
Cada petición se estudió detalladamente, cotejando el diagnóstico 
de la petición de vitamina D y la historia clínica del paciente para 
así poder confirmar si la petición de vitamina D fue correctamente 
realizada. Para realizar la discriminación entre petición de vitami-
na D justificada e injustificada nos guiamos por tres guías clínicas 
en las que se enumeran las patologías o situaciones en las que sería 
necesario medir los niveles de vitamina D séricos y la bibliografía 
más reciente sobre el tema. Son las guías clínicas de la Sociedad 
Americana de Endocrinología (12), la guía de la Sociedad Española 
de Bioquímica Clínica (SEQC) (13) y el Consenso de la Alta Autoridad 
Sanitaria Francesa sobre la petición de vitamina D (14). Siguiendo 
las tres guías y la bibliografía reciente, elaboramos un protocolo de 
petición con los casos en los cuales sería adecuado determinar los 
niveles séricos de vitamina D:

–  Raquitismo.
–  Osteomalacia.
–  Osteoporosis.
–  Insuficiencia renal crónica (solo estadios 3-5).
–  Trasplante renal.
–  Hiperparatiroidismo.
–  Insuficiencia hepatocelular.
–  Síndromes de malabsorción (celiaquía, Crohn, pancreatitis, 

fibrosis quística, etc.).



1161ADECUACIÓN DE LAS PETICIONES DE LOS NIVELES DE VITAMINA D AL LABORATORIO

[Nutr Hosp 2016;33(5):1159-1163]

–  Tras cirugía bariátrica.
–  Tratamientos crónicos con ciertos fármacos (glucocorticoi-

des, antiepilépticos, medicación antirretroviral).
–  Caídas repetidas.
–  Ciertos linfomas.
–  Enfermedades granulomatosas (tuberculosis y sarcoidosis).
Siguiendo estas guías analizamos las 3.907 peticiones de vita-

mina D del año 2013. En primer lugar, las dividimos en peticiones 
justificadas y peticiones no justificadas; después, analizamos más 
detenidamente las peticiones no justificadas y las organizamos 
por patología del paciente, por un lado, y por servicio peticionario, 
por otro, así veíamos las patologías más frecuentes en las que 
se pedía determinación de vitamina D innecesaria y cuáles eran 
los servicios que más lo hacían. Además, realizamos un estudio 
para observar cómo se había incrementado el número de deter-
minaciones de vitamina D en los últimos 6 años (2009-2014).

También estudiamos el impacto económico que tuvo en nuestra 
zona (Área de Salud de Badajoz) las peticiones de vitamina D no 
justificadas, para ello utilizamos el coste directo de la determinación 
aislada de vitamina D para calcular el coste total en nuestra región 
en dicho año; por último, realizamos una extrapolación de nuestros 
resultados al resto de Áreas de Salud del Servicio Extremeño de 
Salud (SES) para calcular el gasto en peticiones de vitaminas D no 
justificadas según los protocolos de petición en toda Extremadura.

RESULTADOS

En el año 2013 se realizaron un total de 3.907 determina-
ciones de 25 (OH) vitamina D en el Área de Salud de Badajoz. 
Si seguimos las guías clínicas mencionadas anteriormente, solo 
el 68% (2.638 peticiones) eran justificadas según la historia y el 
diagnóstico del paciente y el 32% (1.271 peticiones) no se ade-
cuaba a las guías clínicas, por lo que se trataba de peticiones 
no justificadas. En la tabla I se expresa el número de peticiones 
de los principales diagnósticos de las peticiones justificadas, así 
podemos comprobar que la insuficiencia renal (60,5%) es la pato-
logía más frecuente que produce déficit de vitamina D, seguida 
de osteoporosis-osteopenia (18%).

En la tabla II se expresa el número de peticiones de las princi-
pales patologías en las que se pide determinación de vitamina D 
que no está justificada, siendo la más frecuente la hipertensión 
con un 21,71%, seguida de la diabetes con 10,38% y de las 
dislipemias con un 9,04%. En la tabla III se puede observar cuáles 
son los servicios que más realizan peticiones no justificadas, y 
resalta la atención primaria (centros de salud) con más del 50% 
de las peticiones no justificadas.

Cuando realizamos este estudio para investigar si había variación 
en el número de determinaciones de vitamina D en los últimos años, 
como sucedía a nivel nacional e internacional, descubrimos los 
siguientes resultados: en la figura I podemos comprobar el aumento 
que se ha producido de peticiones de vitamina D en los últimos 
años en el Área de Salud de Badajoz y en la tabla IV se observan 
los números absolutos del número de peticiones por año, reflejando 
un aumento de más del 1.000% en 6 años.

Tabla I. Distribución de las 2.636 peticiones 
justificadas según el diagnóstico

Diagnóstico N.º de peticiones % total

Insuficiencia renal crónica 1.596 60,5

Osteoporosis-osteopenia 502 18

Fractura de cadera 198 7,5

Trasplante renal 31 1,2

Otros (síndromes 
malabsorción, Crohn, 

pancreatitis, etc.)
309 12,8

Tabla II. Distribución de las 
1.271 peticiones no justificadas según  

el diagnóstico

Diagnóstico N.º de peticiones % total

Hipertensión arterial 276 21,71

Diabetes 132 10,38

Dislipemia 115 9,04

Enfermedades reumatológicas 75 5,90

Hipo e hipertiroidismo 68 5,35

Anemia 60 4,72

Cáncer 16 1,25

Otros (alergias, controles 
rutinarios, problemas 

neurológicos, etc.)
529 41,62

Figura 1. 

Evolución de peticiones de vitamina D en el Área de Salud de Badajoz (últimos 
6 años).
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Los resultados sobre la repercusión económica que tiene este 
estudio de adecuación de la demanda de vitamina D en el Área 
de Salud de Badajoz se ponen de manifiesto de manera clara, ya 
que cada prueba de vitamina D tiene un precio por determinación 
de 4,2 euros (costes directos), sin contar los costes indirectos. 
Por lo que si tenemos 1.271 peticiones cuya determinación no 
sería adecuada, estaríamos ante un exceso de gasto sanitario de 
5.331,6 euros. Además, conociendo la población de cada Área 
de Salud de Extremadura y el número de determinaciones realiza-
das en cada área, podemos hacer una extrapolación de nuestros 
resultados y calculamos el exceso de gasto en determinaciones de 

vitamina D que se produjo en 2013 en Extremadura. En el Área de 
Salud de Badajoz se realizaron un total de 14,33 peticiones/1.000 
habitantes, de las cuales si nos guiamos por las guías clínicas 
solo estarían justificadas 9,68 peticiones/1.000 habitantes, como 
la patología es similar en toda Extremadura o incluso mayor en 
el Área de Salud de Badajoz (mayor número de especialidades 
médicas), se extrapola utilizando 9,68 peticiones correctas/1.000 
habitantes al resto de Áreas de Salud de Extremadura y se calcula 
el exceso de gasto, que ascendió a un total de 82.900 euros al 
año. Los resultados reflejaron cómo las áreas de Salud de Cáce-
res, Plasencia y Coria, presentaban un elevado número de peti-
ciones por cada 1.000 habitantes.

DISCUSIÓN

Como podemos observar en los resultados obtenidos en este 
estudio, alrededor de un tercio de las peticiones de vitamina D 
en 2013 en nuestra Área de Salud son no recomendadas por 
las guías clínicas, por lo que su determinación es innecesaria y 
además supone un gasto sanitario que podría invertirse en otras 
actividades sanitarias. Dentro de este grupo de peticiones innece-
sarias según diagnóstico e historia clínica, se pone de manifiesto 
que las principales patologías en las que se pide determinación de 
vitamina D son la hipertensión con un 21,71%, seguida de la dia-
betes con 10,38% y de las dislipemias con un 9,04%; no existen 
evidencias científicas que apoyen la necesidad de determinar los 
niveles de 25 (OH) vitamina D en estas patologías, lo que sí hay 
en la actualidad son numerosos estudios descriptivos que ponen 
de manifiesto la asociación entre una deficiencia de vitamina D y 

Tabla V. Exceso de gasto al no seguir el protocolo de petición de vitamina D en todas las 
áreas del SES

Área de salud N.º de peticiones N.º de habitantes N.º de peticiones/1.000 habitantes
Gasto no 

justificado (euros)

Badajoz 3.907 272.477 14,33882493 5.331,6

Mérida 3.047 167.190 18,22477421 6.000,1

Don Benito-Villanueva 1.858 142.464 13,04189128 2.011,6

Llerena-Zafra 2.438 106.646 22,86067926 5.903,8

Cáceres 10.982 198.717 55,26452191 38.045,3

Coria 1.535 47.250 32,48677249 4.526

Plasencia 5.998 112.960 53,09844193 20.599

Navalmoral de la Mata 646 54.706 11,80857676 489,1

Tabla IV. Evolución de las peticiones en el Área de Salud de Badajoz durante  
los últimos 6 años

Año 2008 2009 2010 2011 2012 2013 2014

N.º de determinaciones de vitamina D 428 681 818 1.029 2.131 3.907 5.117

Tabla III. Distribución de las 
1.271 peticiones no justificadas según el 

servicio peticionario

Servicio peticionario N.º de peticiones %

Centro de salud 637 50,11

Nefrología Pediátrica 108 8,49

Nefrología 64 5,03

Neurología 64 5,03

Medicina Interna 90 7,08

Otorrinolaringología 34 2,67

Reumatología 44 3,46

Endocrinología 46 3,61

Otros 184 14,47
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estas patologías (hipertensión, diabetes y dislipemias), la mayo-
ría son estudios epidemiológicos, pero sin evidencias claras que 
indiquen que los suplementos de vitamina D tengan un papel 
en la prevención o mejora de estas enfermedades (15,16). Al 
igual que sucede con otras patologías como la artritis reumatoide, 
anemia y cáncer, en las que no existen evidencias sobre la mejora 
de esta patologías con suplementos de vitamina (1,6,7,17), por 
lo que la determinación de los niveles de 25 (OH) D no estaría 
recomendada.

Como más del 50% de las peticiones no recomendadas por 
las guías clínicas procedían de atención primaria (centros de 
salud), opinamos que sería importante la restricción de la peti-
ción de vitamina D desde los servicios de atención primaria sin 
una justificación que atendiera a criterios clínicos. Además, 
independientemente del servicio peticionario se ha producido 
un aumento casi exponencial en el número de determinaciones 
de vitamina D en los últimos años, y todo parece indicar que 
se debe al aumento de estudios descriptivos sobre nuevas 
implicaciones de la vitamina D, aunque las guías clínicas no 
aconsejan la determinación de sus niveles en estas situaciones 
hasta que no haya más datos concluyentes. Este aumento en 
nuestra Área de Salud fue de más del 1.000% en los últimos 
6 años. También el aumento exponencial se está producien-
do a escala mundial: en Francia se produjo un aumento del 
250% de determinaciones de vitamina D entre 2007 y 2009, 
y de un 1.000% entre 2005 y 2009 (14). Las estadísticas del 
Gobierno australiano reflejan un aumento de 100 veces entre 
2000 y 2010. Por ello se hace necesaria la implantación de 
un protocolo de petición en toda la región, para evitar que las 
peticiones sigan aumentando en los próximos años sin ningún 
criterio clínico.

La mala racionalización de la determinación de 25 (OH) D supo-
ne un exceso de gasto para los sistemas sanitarios, al igual que 
otras pruebas de laboratorio. Si nos fijamos en los resultados de 
todas las áreas de salud del Sistema Extremeño de Salud (SES), 
nos percatamos de que principalmente en el Área de Salud de 
Cáceres y Plasencia no existe ningún control de la demanda, y 
son las que mayor gasto suponen al SES. El sobrecoste sanitario 
que se produjo en el SES en 2013 ascendió a 82.900 euros, 
gasto que sigue aumentando año a año, por lo que la implantación 
de protocolos de petición de vitamina D en toda Extremadura 
ayudaría a una correcta adecuación de la demanda y, lo que 
es más importante, a una correcta utilización de los recursos 
sanitarios. Este problema de racionalización de la vitamina D no 
solo afecta a Extremadura, sino que también sería interesante 
realizar estudios en otras comunidades y si es necesario tomar 
medidas al respecto.

CONCLUSIÓN

Como conclusión final, podemos resaltar que las peticiones 
de determinación de vitamina D que no se atengan a ninguna 
indicación de las guías clínicas no solo suponen un gasto sanitario 
extra, sino que además no reportan beneficios para los pacientes. 
Por ello se ha propuesto la implantación del protocolo de petición 
en el Área de Salud de Badajoz, para después implantarlo al resto 
de Áreas del SES.
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Resumen
Introducción: en escolares mexicanos el consumo de verduras y frutas y (VyF) es menor del 25% de la cantidad recomendada por la Organi-
zación Mundial de la Salud.

Objetivos: evaluar la efectividad de una campaña de promoción del consumo de VyF en niños de escuelas urbanas de Hidalgo, México.

Métodos: se realizó un ensayo comunitario no contralado en 226 escolares de una escuela privada y una pública; se diseñó y distribuyó 
material impreso de promoción del consumo de VyF entre la población escolar; se facilitó el acceso a VyF mediante una planifi cación y venta en 
establecimientos de consumo escolar, y se supervisó el consumo por los profesores.

Resultados: al fi nalizar la intervención, se incrementó el consumo de verduras en 50 g y el de agua simple en 100 ml (T-test, p < 0,05); se 
aumentó signifi cativamente la proporción de escolares que identifi caban los benefi cios en su salud del consumo de VyF (68% inicial, 87% fi nal) 
y se logró mayor apoyo de los padres de familia (61% inicial, 92% fi nal).

Conclusiones: una campaña de promoción y mejoramiento del acceso a verduras, frutas y agua en el contexto escolar, que cuente con el apoyo 
de padres de familia y profesores, puede favorecer una alimentación más saludable en la escuela.

Abstract
Introduction: In Mexican school-age children the consumption of vegetables and fruits (V&F) is less than 25% of the amount recommended 
by the World Health Organization.

Objectives: Evaluate the effectiveness of a promotion campaign about the consumption of V&F in urban school children from Hidalgo, Mexico.

Methods: A non controlled community trial in 226 school-age children from private and public schools was conducted, we designed and dis-
tributed printed material for promoting the consumption of V&F among the school population, access to V&F was provided through planning and 
sales at school stores, and consumption was supervised by the teachers.

Results: At the end of the intervention vegetable consumption increased by 50 g and plain water in 100 mL (T-test, p < 0.05); the proportion 
of school-age children who identifi ed the health benefi ts of the consumption of V&F increased signifi cantly (68% initial, 87% fi nal) and greater 
support from parents (61% initial, 92 fi nal%) was achieved.

Conclusions: A promotion campaign and improved access to vegetables, fruits and water in the school environment which is supported by 
parents and teachers can encourage healthier eating at school.
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INTRODUCTION

Regular consumption of vegetables and fruits (V&F) could pre-
vent 60% of the burden of chronic non-communicable diseases 
(CNCDs), such as obesity, diabetes, cardiovascular disease and 
several types of cancer (1); scientific evidence suggests that con-
sumption of at least 400 grams of V&F a day, is associated with 
decreased risk of these diseases (2,3). A varied consumption of 
V&F can prevent micronutrient deficiencies, such as iron, and 
vitamins A, C and B12; provide a sufficient quantity of dietary 
fiber and non nutrient essential substances; in addition, V&F con-
sumption can create a feeling of fullness, thereby reducing the 
total calorie intake (2).

The Mexican population has one of the lowest rates of fruit and 
vegetable consumption in Latin America, on average their consump-
tion does not exceed 110 grams per day and only 30% of the Mex-
ican population has an adequate intake of V&F (1). According to the 
United Nations Organization for Food and Agriculture (FAO); Chile, 
Mexico and Brazil have an offer of V&F in their markets of more than 
146 kilos/person/year, whereas in other countries it ranges between 
80 to 138 kilos, so in Mexico V&F availability is sufficient, varied and 
accessible in most regions of the country. The causes of low con-
sumption have not been sufficiently studied but a change in eating 
patterns has been identified in almost the entire population which is 
increasingly oriented towards the consumption of processed foods 
with high energy density, high in saturated fats, sugar, salt and low in 
dietary fiber, which could be contributing to this lower consumption 
(4). This eating lifestyle, along with physical inactivity, is a global 
problem which largely explains the high prevalence of obesity and 
CNCDs existing in most countries (5).

Various initiatives have been launched to promote the con-
sumption of V&F; as the “5 a Day” program, aimed at increasing 
the average consumption to five or more servings per day of V&F 
among the United States population. Currently, this initiative is 
implemented in more than forty countries and has the support 
of international organizations such as WHO and the International 
Association for Cancer Research; it performs various actions, such 
as advertising campaigns and specific activities in schools, work-
places or supermarkets to ensure that people know and assume 
the importance of eating five or more daily servings of fruits and 
vegetables (6). Different evaluations of the “5 a Day” program 
have reported an increase between 0.2 and 1.7 servings per day 
in the consumption of vegetables and fruits in various population 
groups. This initiative has been taken by the World Health Organ-
ization (WHO) in its Global Strategy on Diet, Physical Activity and 
Health, 2004, creating a joint initiative to promote V&F, guiding 
sustainable measures at community, national and global level, 
which, taken as a whole, lead to reduced risk for CNCDs through 
increased consumption of V&F (8).

In the state of Hidalgo, Mexico, an evaluation conducted in 
2010 reported that only a third of school-age children carried an 
average of 200 g of V&F in their school snack, and three out of 
ten children were overweight or obese (9). From this diagnosis, 
different intervention strategies have been implemented to pro-
mote the consumption of healthy foods, reduce sedentary lifestyle 

and prevent the risk of obesity and chronic diseases in school-
age children from public and private schools; so the purpose of 
this research was to evaluate the effectiveness of a campaign to 
promote the consumption of vegetables and fruits in children from 
urban schools in Hidalgo, Mexico.

DATA AND METHODS

STUDY DESIGN

We conducted a non controlled community trial comparing 
the results of the effect studied in the same group of individuals 
before and after receiving the intervention (10). Students from 
first to sixth grade from a private and a public elementary school 
in the 2014-2015 school year located in an urban area from the 
municipality of Tula, in the state of Hidalgo, Mexico, participated.

POPULATION AND SAMPLE

A sample size was calculated to find significant differences 
in consumption of 50 grams of vegetables between the initial 
(before) and final (after) evaluation of the intervention; an aver-
age consumption of V&F of 200 grams in the school snack as 
reported in the study of Nutritional Profile of School-age children 
of Hidalgo 2010 (9), and a standard deviation of 30 grams in 
each measurement (two measurements of the same subject), an 
precision of 0.05 and a power of 0.80 was considered; thus it 
was determined that 6 school-age children were required in each 
group and grade from each school (11). The private school had 
23 groups and the public school 18 groups, giving a total of 246 
school children. School children were selected randomly from 
the list provided by the teachers of each group, three men and 
three women who at the time of the initial evaluation were present 
were selected, otherwise we proceeded to select another student, 
and we implemented the evaluation tools to these children at the 
beginning and end of the intervention. In the sample we included 
the school children who agreed to participate and who had the 
informed consent from their parents, who did not have any dis-
ease that interfered with the results, and that his attendance was 
at least 80% during the term of the intervention.

DESIGN OF THE INTERVENTION

In figure 1, the stages of the design intervention to promote the 
consumption of vegetables and fruits (V&F) in the school setting 
are presented.

Stage 1. Formative research

We applied a questionnaire to all pupils in the second, third 
and fourth grade of the selected schools; in the first question 
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they were presented with three options to choose a motto that 
would motivate them to increase their intake of V&F at school; in 
questions 2 and 3, they were asked to write down five vegetables 
and five fruits they would like to eat at school, and finally they 
were asked if they would be willing to participate in a campaign 
to promote the consumption of V&F at school. For the applica-
tion of the instrument, trained personnel went to each classroom, 
gave the children the printed questionnaire and the instructions 
to answer the questions individually.

At this stage, 72% of the students selected the motto Choose to 
Be Healthy! Eat vegetables and fruits, as the highlight of the cam-
paign to encourage the consumption of V&F at school. Vegetables 
and fruits that were located in the preference of school children 
were: carrots (84%), broccoli (63%), cucumber (63%), lettuce (52%) 
and tomatoes (34%); and fruits were: apple (74%), banana (55%), 
watermelon (45%), orange (42%), mango (38%), grapes (36%) and 
strawberries (32%). 97% of school children who were surveyed said 
they would be willing to participate in a campaign promoting the 
consumption of vegetables and fruits in school.

With this information the expert team conformed by marketing, 
nutrition and psychology professionals created the messages to 
promote V&F taking into account social marketing elements test-
ed in other interventions: provide basic and practical concepts 
based on scientific evidence, avoid confusion and bad information, 
generate significant messages that were client centered and with 
relevance of content according to the opinion of teachers and 
school principals (12,13). This resulted in a brochure with key 

information that gave answers to simple questions that school 
children would make themselves about the consumption of vege-
tables and fruits: Why should we eat vegetables and fruits?, How 
can I increase the consumption of vegetables and fruits at school 
and at home?, Why should I disinfect vegetables and fruits?, and, 
How many vegetables and fruits should I eat a day?; plus some 
good tips were added to enhance the flavor of V&F and the con-
sumption of drinking water. According to consumer preferences 
of V&F detected, a daily planning of the type of vegetables and 
fruits with the amount in home measures that the children should 
bring as lunch was defined, recommending vegetables three days 
a week and fruit two days a week, for three weeks, and the fourth 
week as free choice.

We performed a test of the promotional material with the same 
children that were interviewed; teachers were asked to distribute 
the brochure in class, the children read the information and iden-
tified the words which were difficult to understand and expressed 
what the images and the campaign motto represented to them. 
An observer of the research team recorded the suggestions so a 
team of experts could make relevant adjustments in consensus.

Stage 2. Implementation of the campaign

The promotional campaign is a 30-minute session to raise 
awareness with all groups of students and teachers involved, 
where they were given the diffusion material (brochure) and 

Stage I
Formative 
research

Stage II
Implementation of 

the campaign 

Stage III
Evaluation before 

and after 

Questionnaire in schoolchildren for material promotion design

–  Definition of campaing slogan
–  Likes and preferences of V&F
–  Disposition to participate
–  Piloting of the promotional material

Promotion campaing

–  Schoolchildren and teachers were sensitized
–  Distribution of material with planification of V&F
–  Promotion and sale of V&F on school stores 
–  Teachers monitored the V&F consumption 

F&V consumption by schoolchildren

–  Quantificación of V&F and drinks
–  Questionnaire to assess consumption of V&F

Figure 1. 

Design of campaign promo-
tion consumption of vegeta-
bles and fruits (V&F) in the 

school context.
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their content was explained, as well as daily planning of the 
type of vegetable and/or fruit that the children should bring to 
school in their lunch box to eat at school for three weeks; for 
the fourth week the school children together with the teacher 
agreed on the V&F they would consume each day. Those respon-
sible for the school stores of both schools, placed a promotional 
notice in a visible place to encourage the consumption of V&F in 
their business (canvas of 92 cm x 142 cm) and were instructed 
to promote each day, the vegetable and/or fruit indicated in the 
daily planning, so in case the children did not bring it from home, 
they could have access to it. During the three months of the 
campaign, teachers monitored the V&F as well as the beverage 
the school children carried in their lunchbox every day.

Stage 3. Evaluation before and after

At the beginning (before) and ending (after) of the interven-
tion an evaluation was performed on the sample of selected 
school children. The evaluation was made in one day and con-
sisted in the weighing of V&F, recording the amount and type 
of drinks they brought from their home for lunch, and applying 
an individual questionnaire to assess consumption of V&F. The 
weight of V&F was measured on a scale for weighing food 
from the brand SECA, model 852; once the weight was dis-
played, the value in grams was entered in the assessment tool; 
to ensure food safety in these procedures, the field staff used 
coif, face masks, gloves and disposable materials. The amount 
of the drinks in milliliters was recorded in accordance with 
the indications on the container or with a measuring cup; the 
beverages with water, but with no additives, were registered 
as plain water; registered as fruit juice were those containing 
sucrose mixed with any unprocessed fruit, and registered as 
flavored water or processed juice, the beverages containing 
flavorings and/or artificial sweeteners, plus any additives for 
preservation or stabilization. The assessment questionnaire 
about the consumption of V&F consisted of 5 questions, aimed 
at evaluating the frequency of consumption of V&F, consumer 
preference of V&F, health benefits from the consumption of 

V&F, purchase of V&F in school stores in case they did not 
bring them from home and parental support so the children 
could have access to V&F as well as their consumption.

DATA ANALYSIS

A descriptive analysis with percentages, averages and standard 
deviations of the total sample was performed by gender and type 
of school (private and public). McNemar test was applied to com-
pare responses related to the school children by gender and type 
of school; and the Student t test was used for related samples 
to compare means at the beginning and end of the intervention. 
A p < 0.05 value was considered significant. For the analysis 
STATA 12 statistical software was used.

ETHICAL CONSIDERATIONS

This research is part of the project Prevention of Overweight 
and Obesity in School Children of Hidalgo (PESOEH) approved 
by the Ethics Committee of the School of Health Sciences at the 
Autonomous University of Hidalgo, which is governed by principles 
for medical research involving human subjects (Declaration of 
Helsinki). In all cases we have an informed consent letter which 
was signed in due course by the parent or guardian and took into 
account the consent of the child to perform evaluations.

RESULTS

We analyzed data from a total of 226 school children from first 
to sixth grade; from the initial sample, 20 cases were eliminated 
for not having some of the criteria defined or for having incomplete 
data; 49.9% were male and the rest female, the age range was 
6 to 12 years, 56% of school children were from private schools 
and the rest from public schools (Table I).

In the total sample, in men and in public schools, an increase 
of more than 50 g (p < 0.05) was recorded in the intake of vege-

Table I. Vegetables, fruits and drinks average basal and final consumption at school 
context in the total sample by sex and school type

Total (n = 226) Men (n = 112) Women (n = 114) Private (n = 127) Public (n = 99)

Initial Final Initial Final Initial Final Initial Final Initial Final

Food g/day g/day g/day g/day g/day g/day g/day g/day g/day g/day
 Vegetables 74 ± 39* 128 ± 52* 69 ± 41* 130 ± 66* 81 ± 36 126 ± 44 73 ± 42 119 ± 50 76 ± 32* 137 ± 58*+

 Fruits 146 ± 92 140 ± 58 145 ± 80 135 ± 59 148 ± 66 145 ± 56 142 ± 62 141 ± 58 161 ± 74 139 ± 58

Drinks ml/day ml/day ml/day ml/day ml/day ml/day ml/day ml/day ml/day ml/day

 Plain water 503 ± 231* 597 ± 234* 532 ± 240* 613 ± 248* 487 ± 222 518 ± 211 488 ± 219* 534 ± 221* 544 ± 248* 617 ± 248*

 Fruit Water 488 ± 205* 531 ± 186* 518 ± 216 514 ± 145 441 ± 185 560 ± 244 425 ± 179 460 ± 103 548 ± 215 619 ± 229

  Flavored water or 
industrialized juice

326 ± 92* 408 ± 132* 361 ± 98 436 ± 170 261 ± 60 388 ± 141 350 ± 110 420 ± 147 305 ± 78 393 ± 160

*p < 0.05 with T-test for related samples.
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tables, without any changes in the amount of fruits. In the total 
sample, in men and in private and public schools, a significant 
increase of 100 mL was found in the consumption of plain water. 
About the consumption of fruit water and flavored water or pro-
cessed juice, an increase in the amount consumed in the total 
sample was observed, but only 20% of school children consumed 
such beverages (Table I).

In the final evaluation a higher proportion of school children 
who consumed V&F on a daily basis in the total sample and in the 
private school (McNemar, p < 0.05) was recorded; and in these 
same school children a decrease in the proportion of those who 
consumed V&F, from 3 to 5 times a week (McNemar, p < 0.05) 
was recorded. No significant changes were observed in public 
schools (Fig. 2).

Generally speaking, 46% of school children mentioned they 
prefered to consume vegetables incorporated into a stew, with no 

significant differences at the beginning and end of the evaluation. 
In the private school a decrease of 9 points in the preference of 
consuming raw V&F, and an increase of 8 points in the preference 
of consuming cooked vegetables was recorded; while in the public 
school the preference for consuming raw vegetables increased 
by 8 points (McNemar, p < 0.05) (Table II). In the total sample, 
90% of school children said they prefered to consume V&F with 
lemon, chili and salt, and the rest with some seasoning such as 
cream or yogurt, without differences at the beginning and end of 
the evaluation (Table II).

In the final evaluation the proportion of school children who iden-
tified the health benefits from the consumption of V&F increased 
by 20 points (68% initial vs. 87 final%, McNemar, p < 0.05); for 
example they mentioned that V&F helps them in their develop-
ment and growth, protects them from diseases and contributes 
to their health, to have a proper and healthy diet, and because 

Figure 2. 

Frecuence of weekly consumption of vegetables 
and fruits (V&F) in the total sample of schoolchil-
dren and by school type.

Table II. Preference proportion of schoolchildren vegetables and fruit consumption in the 
total sample, by sex and school type

All (%) Men (%) Women (%) Private (%) Public (%)

Preference of 
consumption of V and F

Intial Final Intial Final Intial Final Intial Final Intial Final

Raw 25 24 27 26 26 27 30* 21* 19* 29*

Coooked 27 31 29 28 27 26 25* 33* 30 28

In stew 48 45 44 46 47 45 45 46 51 43

With chili, salt and lemon 88 87 86 88 89 88 91 89 91 93

With dressing, cream, or yogurt 12 13 14 12 11 12 9 11 9 7

p < 0.05 McNemar test for related samples.
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they provide energy, vitamins and minerals. In the final evaluation 
school children from private schools recorded a higher increase 
in the proportion of school children who selected correct answers 
on the health benefits from the consumption of V&F, compared to 
public schools (23% and 16%, respectively, McNemar, p < 0.05) 
(Fig. 3). In the final assessment the proportion of school children 
who reported buying vegetables and fruits (V&F) in school stores 
(ECE) in case they did not take them from home, increased 17 
points, (McNemar, p < 0.05). A twofold increase in the purchase 
of vegetables and fruits (V&F) in school stores (ECE) in private 
schools, compared to public schools (22% and 11%, respectively, 
McNemar, p < 0.05 was recorded) (Fig. 3). In the final assessment 
the proportion of students who indicated that their parents sup-
ported them to achieve the consumption of vegetables and fruits 
increased 31 points (McNemar, p < 0.05); in both types of schools 
the increase in this proportion was similar (Fig. 3).

DISCUSSION

In the school children who participated, a significant increase in 
vegetable consumption was registered, indicating that a campaign 
of short duration (3 months) informing about the health benefits of 
vegetables and fruits, promotes its consumption through planning 
based on tastes and preferences of children, facilitates access in 
school stores and which has the support of the school community, 
can be effective to promote the consumption of healthier foods 
at school. In similar interventions which disseminate information 
about the benefits of healthy snacks in children and parents are 
involved, the preferences of healthier food consumption have 
improved (14); but there is little evidence of the increase in the 
amount of vegetables consumed. In an intervention where teach-
ers were trained and parents were given informative workshops, 
only positive changes in knowledge and attitudes regarding V&F 
were observed, but there was not a significant increase in its 
consumption, which indicates that to make a quantitative impact 
it is necessary to modify the environment of school feeding (15), 
and would explain the significant increase in the consumption of 

vegetables found in this research, by facilitating access to vege-
tables and fruits in school stores and parents support.

It is much easier for children to consume fruits than vegetables 
(16); the latter are less accepted because of their neutral flavor 
and hard consistency, compared to fruits which are sweet and 
have a smooth consistency (17); which is an important point to 
note in this intervention that gave the same priority to V&F, but 
the significant increase was observed only in vegetables, probably 
because at the beginning of the intervention they were consumed 
in small quantities and variety. Other factors that determine the 
consumption of vegetables are the cost and time required in its 
preparation (18), so in this intervention we included vegetables 
that were available in local markets, and in the dissemination 
material we recommended parents to involve their children in 
buying, washing, disinfecting and preparing vegetables.

After the intervention, the participating school children con-
sumed on average 268 g of V&F, thereby achieving 70% of 
the daily intake recommended by the WHO, indicating that the 
environment generated in schools may be the most important 
factor for changing consumption patterns. This is confirmed by a 
study made in 5 countries where the socioeconomic level is not 
consistently associated with the consumption of V&F, but it was 
identified that the environment of the area where people live has 
the potential to influence in their behavior (19).

At the end of the intervention a significant increase in the con-
sumption of plain water was registered school children, indicating 
that monitoring the type of beverage they consume and a health-
ier environment in the school grounds can positively influence 
their consumption habits, as observed in an intervention made in 
school children in Mexico City, which promoted the modification 
of the environment and consumption of plain water (13).

Identifying the culinary preferences of consumption of vege-
tables and fruits in the population is very important to design 
promotion campaigns appropriate to the cultural practices. In this 
research it was a constant that half of the students mentioned 
that they prefer to consume vegetables incorporated into a stew, 
which could be determined by the cultural practices of the region, 
where it is common to consume soup-like dishes which feature 

Figure 3. 

Contributing factors to consume vegetables and 
fruits (V&F) at school context in the total sample 
and by school type.
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vegetables. In a study of culinary practices of women in Chiapas, 
Mexico, it was found that 77% of wild species of vegetables were 
boiled and 23% cooked (20), so in future interventions correct 
guidelines for cooking and preserving vegetables must be given, 
so that the school community benefits from their nutritional prop-
erties and health protection.

Generally speaking, school children in this study prefer to add 
lemon, chili and salt to enhance the flavor of V&F for its con-
sumption. This culinary practice is common among the Mexican 
population. It has been observed that the addition of a condiment 
or other food to enhance the flavor of fruits and vegetables is a 
facilitator for their consumption among children (21); however, it 
is recommended to moderate their consumption to avoid health 
risks due to high sodium intake (22), and the possible adverse 
effects of chili in the digestive tract of children (23). After the 
intervention, a higher proportion of school children identified the 
health benefits of consuming V&F, indicating that the messages 
of the printed material together with the planning action of the 
consumption of V&F can ease the appropriation of information by 
children. This has been observed in some interventions, where 
information is given but the means to adopt healthier behaviors 
are also provided (15).

Selling fruits and vegetables in school stores was an environ-
ment facilitator, an increase in the proportion of school children 
who bought their share of vegetables or fruits in these places was 
observed. It has been identified that one of the barriers to buying 
healthy food in schools is the low availability and high price, so 
the supply of healthy food and marketing strategies to increase 
consumption of these foods among school population must be 
increased. In a study made in Chile with the implementation of 
healthy kiosks in schools, a significant increase was achieved 
in buying fruits, milk, yogurt, juice and light juices, dried fruit, 
healthy sandwiches and fat free ice cream by school children 
who participated in the study as compared to control group (24).

In this intervention the proportion of school children who 
reported having the support of their parents to achieve the con-
sumption of vegetables and fruits in school increased; it has been 
found in other studies that parental encouragement can influence 
their children to consume V&F, providing them the food and con-
tinually encouraging them to consume them (25), so interventions 
aimed at promoting the consumption of vegetables and fruits in 
children must train parents and help them prepare more attractive 
dishes for their children.

A favorable aspect of this study was to include the opinion of 
children before starting the campaign to promote consumption 
of vegetables and fruits, as this action prepared them to make 
a change in their consumption habits. Moreover, the design of 
the campaign to promote fruit and vegetable consumption was 
strengthened by the collaboration of marketing and health experts, 
where the communication strategy enabled to facilitate the appro-
priation of information by school children. It has been reported 
that one of the keys to increasing the demand of V&F is in the 
messages of promotional campaigns, addressing the issue from 
perspectives that go beyond disease prevention, being sufficiently 
clear and directed to the target group (26); however, a weakness 

of this study was not having a control group which allows us to 
affirm that the observed changes are due solely to the actions 
taken. In futures studies it is necessary to evaluate whether chan-
ges in the consumption of V&F remain after completion of the 
intervention. It can be concluded that a promotion campaign and 
improved access to vegetables, fruits and water in the school 
environment which is supported by parents and teachers can 
encourage healthier eating at school. It is necessary to imple-
ment campaigns to promote the consumption of V&F throughout 
basic education, for positioning in the minds of school children the 
benefits and well being provided by their consumption, thus giving 
them elements to make informed decisions throughout their lives.
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Abstract
Introduction: University students eating habits are moving away increasingly from the Mediterranean Diet (MD) Both nutrition and physical 
activity are essential to preserve an appropriate health.

Objective: To compare food intake between athletes and sedentary University students.

Subjects and methods: Cross-sectional study conducted on 49 students from the University of Valladolid. The weight and height were deter-
mined. The physical activity was evaluated by the GPAQ questionnaire. A food frequency questionnaire and a three-day food record were completed 
for the food intake analysis. The MD adherence was estimated by the Mediterranean Diet Score (MDS). Differences by sex and sport practice 
were analyzed with the T-test or with the Mann-Whitney-test. Statistical signifi cance was reached at p < 0.05.

Results: All subjects had normal weight with no signifi cant differences depending on the sports practice. Women had a lower physical activity 
level than men. The diet in the whole sample was slightly hyperproteic, rich in fats and cholesterol, with an inadequate fat profi le and poor in 
carbohydrates and fi ber. Generally, the students covered the micronutrients requirements. There was a scarce consumption of fruits and vege-
tables, cereals, olive oil, fi sh and nuts; and an excessive intake of meat, butter, processed bakery foods, sweets, snacks and soft drinks. Around 
50% of the sample had a low or very low MD adherence.

Conclusion: The University student food pattern does not accomplish the nutritional objectives within the Spanish population and have a medi-
um-low Mediterranean diet adherence, and there are no differences depending on the sports practice.

Resumen
Introducción: la alimentación de los jóvenes universitarios se aleja cada vez más de la dieta mediterránea (DM). El binomio alimentación-actividad 
física es fundamental para mantener un adecuado estado de salud.

Objetivo: comparar la ingesta en un grupo de estudiantes universitarios deportistas frente a otro que no realiza deporte habitualmente.

Sujetos y métodos: estudio observacional transversal realizado en 49 voluntarios de la Universidad de Valladolid. Se determinaron peso, talla 
y actividad física (cuestionario GPAQ). La ingesta se evaluó a partir de un cuestionario de frecuencia de consumo y un registro de alimentos de 
3 días. La adherencia a la DM se estimó con el Mediterranean Diet Score. Las diferencias entre las variables en función del sexo y la práctica 
deportiva se analizaron con la t de Student o la U-Mann-Whitney. Signifi cación estadística: p < 0,05.

Resultados: todos los sujetos presentaron normopeso, sin diferencias en función de la práctica deportiva. El nivel de actividad física fue inferior 
en las mujeres. En todos los estudiantes la dieta fue ligeramente hiperproteica, rica en grasas y colesterol, con un inadecuado perfi l lipídico y 
defi ciente en hidratos de carbono y fi bra. Se cubren los requerimientos de micronutrientes. Destaca un escaso consumo de frutas-verduras-
hortalizas, cereales, aceite de oliva, pescado y frutos secos; y un exceso de carne, mantequilla, bollería-industrial, dulces, snacks y refrescos. El 
50% de la muestra tiene una adherencia baja o muy baja a la DM.

Conclusión: las dietas de los jóvenes universitarios no cumplen los objetivos nutricionales para la población española y presentan una adherencia 
media-baja a la DM, independientemente de la práctica deportiva.
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INTRODUCCCIÓN

El acceso a la universidad puede suponer un cambio importante 
en el estilo de vida para muchos jóvenes: vivir fuera del domicilio 
familiar, adaptarse a nuevos horarios y actividades, ser respon-
sables de la compra y la alimentación del hogar, etc.

Esta etapa se suele caracterizar por la predilección por ali-
mentos procesados, comidas rápidas y preparadas, bebidas 
azucaradas y un consumo excesivo de alcohol. Además, no es 
infrecuente la omisión de algunas de las comidas principales del 
día y los picoteos entre horas. Es muy habitual que los jóvenes 
no desayunen y, si lo hacen, es de forma incompleta, sin llegar 
a aportar el 20% de la energía diaria, y consumiendo alimentos 
no recomendados, como bollería industrial y zumos procesados, 
en detrimento de cereales y frutas, lo que conduce a un exceso 
de azúcares simples y grasas saturadas (1). También se observa 
un desequilibrio en el aporte de la energía a lo largo del día, con 
comidas y cenas copiosas, con una elevada densidad energética 
y un escaso aporte de energía durante la mañana (2).

Respecto al consumo de alimentos, el patrón alimentario de 
los jóvenes se caracteriza por un excesivo consumo de carnes 
y derivados cárnicos, grasas y azúcares refinados, con una baja 
ingesta de frutas y verduras, cereales, legumbres, pescado y acei-
te de oliva (2-4). Todo ello se traduce en una ingesta elevada de 
azúcares simples, proteínas de origen animal, colesterol y grasas 
saturadas, que, en contraposición al bajo aporte de grasas insa-
turadas y fibra, presenta un perfil lipídico inadecuado.

Estos hábitos alimentarios inadecuados, junto con el seden-
tarismo, son los principales factores asociados al aumento del 
riesgo de enfermedades crónicas de alta prevalencia en el mundo 
desarrollado. Por tanto, mantener los buenos hábitos alimentarios 
aprendidos en la infancia, o adquirir nuevos hábitos saludables en 
este periodo, es crucial.

Dieta equilibrada es aquella que aporta todos los nutrientes 
necesarios para cubrir los requerimientos fisiológicos, mantener 
un adecuado nivel de actividad física y promover la salud. No 
existe un único modelo de dieta saludable, sino que esta se puede 
alcanzar combinando los alimentos de diversas maneras para 
conseguir una dieta equilibrada.

La dieta mediterránea (DM) es un patrón de dieta equilibra-
da caracterizada por un consumo elevado de frutas y verduras 
frescas, cereales integrales, legumbres, frutos secos, aceite de 
oliva como grasa principal, un consumo moderado de vino tin-
to, lácteos, pescados y carne magra, y un escaso consumo de 
carnes rojas y embutidos (5). Se trata, por tanto, de un patrón 
de alimentación equilibrado, rico en fibra, antioxidantes y grasas 
insaturadas. Además, el concepto de DM también incluye hábitos 
de vida saludables, como el consumo de productos locales y de 
temporada, una buena hidratación, la práctica de actividad física 
regular, etc.

Diversos estudios han observado que una alta adherencia a 
la DM se asocia inversamente con patologías crónicas de alta 
prevalencia, como algunos tipos de cáncer (6), hipertensión (7), 
diabetes de tipo 2 (8) o síndrome metabólico (9). Por otra par-
te, mantener una vida físicamente activa se ha relacionado con 

un descenso en la mortalidad: realizar 30 minutos de actividad 
moderada casi todos los días de la semana reduce la mortalidad 
un 27% (10).

Sin embargo, en nuestro país en los últimos años se ha impues-
to el modelo de dieta occidental en detrimento del patrón de DM, 
siendo este alejamiento más evidente entre los jóvenes (11,12). 
Los pocos estudios existentes sobre los hábitos alimentarios y 
la calidad de la dieta en los estudiantes universitarios españoles 
también han evidenciado la existencia de un patrón de alimen-
tación poco saludable (4). No obstante, actualmente no hemos 
encontrado estudios que analicen las diferencias en los hábitos 
alimentarios y en la calidad de la dieta de estudiantes universi-
tarios en función de la práctica de actividad física, por lo que el 
objetivo del presente estudio fue comparar la ingesta alimentaria 
y el grado de adherencia a la dieta mediterránea en un grupo de 
estudiantes universitarios deportistas frente a otro que no realiza 
actividad física regular.

SUJETOS Y MÉTODOS

DISEÑO Y SUJETOS

Estudio descriptivo transversal llevado a cabo en una muestra 
de estudiantes voluntarios de la Universidad de Valladolid proce-
dentes de diferentes titulaciones. Como criterios de inclusión se 
admitieron aquellos estudiantes que estuviesen dispuestos a par-
ticipar en el estudio, a cumplimentar los cuestionarios necesarios 
y a acudir a la Unidad de Valoración del Estado Nutricional de la 
Facultad de Medicina para someterse a una valoración del estado 
nutricional. Finalmente se seleccionaron 49 sujetos, 27 estudian-
tes que no practicaban actividad física regular (no deportistas) y 
22 estudiantes de los equipos de baloncesto y bádminton de la 
Universidad de Valladolid (deportistas). Los participantes fueron 
debidamente informados sobre el objetivo del estudio y el proto-
colo de recogida de información. Todos firmaron el consentimiento 
informado y se obtuvo la aprobación del Comité Ético del centro.

La recogida de información tuvo lugar entre los meses de 
febrero y marzo de 2015. Los voluntarios fueron citados en dife-
rentes días para que acudieran a la Unidad de Valoración del 
Estado Nutricional de la Facultad de Medicina, donde se realizó 
una entrevista personal que incluía un cuestionario de frecuencia 
de consumo de alimentos y el Cuestionario Mundial sobre Activi-
dad Física (GPAQ); se realizó una valoración antropométrica y se 
proporcionó a los voluntarios un registro alimentario de tres días 
(tres días no consecutivos, uno de ellos festivo), que debían cum-
plimentar siguiendo las indicaciones que les fueron facilitadas.

ANÁLISIS DE LA INGESTA

Para analizar el patrón de consumo de los participantes, la 
frecuencia de consumo de los principales grupos de alimentos y 
poder, posteriormente, evaluar la adherencia a la DM se empleó un 
cuestionario de frecuencia de consumo de alimentos (CFC) semi-
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cuantitativo validado para la población española (13). A partir de los 
datos recogidos en el CFC se estimó la frecuencia de consumo de 
los principales grupos de alimentos (cereales y patatas, verduras y 
hortalizas, frutas, lácteos, aceite de oliva, carnes magras, pescados, 
huevos, legumbres, carnes grasas y embutidos, otras grasas y bolle-
ría y dulces), teniendo en cuenta los tamaños de ración consumidos 
en cada caso y el tamaño establecido para las raciones dietéticas 
(14). La frecuencia obtenida se comparó con las recomendaciones 
de la Guía Alimentaria para la Población Sana Española (14).

La adherencia a la dieta mediterránea se estimó mediante el 
cálculo del Mediterranean Diet Score (MDS) diseñado por Tri-
chopoulou y cols. (6). Este índice se calcula asignando un valor de 
0 o de 1 a nueve componentes de la ingesta diaria. Brevemente, 
se asigna un valor de 1 si el consumo de los alimentos que se 
consideran protectores o beneficiosos es igual o superior a la 
mediana de la ingesta de estos alimentos por sexo y edad, y si 
el consumo de los alimentos que se consideran perjudiciales es 
inferior a la mediana de la ingesta de esos alimentos por sexo y 
edad; y se asigna un valor de 0 en caso contrario. Para la ingesta 
de etanol, se asigna un valor de 1 si los varones consumen entre 
10 y 50 g de etanol/día y las mujeres entre 5 y 25 g/d; y se asigna 
un 0 si están fuera de esos límites. En este estudio, para calcular 
el MDS, como punto de corte para la asignación del valor de cada 
ítem (0/1) se ha empleado la mediana de ingesta de la cohorte 
SUN (7,15). Aunque para el cálculo del MDS debe tenerse en 
cuenta la mediana de ingesta por sexo y edad de los diferentes 
alimentos de la población analizada, dado el reducido tamaño de 
la muestra estudiada, se ha decidido emplear los datos de ingesta 
de una gran muestra de población española de edades similares a 
las nuestras (7,15). El valor del MDS varía entre 0 (mínima adhe-
rencia a la DM) y 9 (máxima adherencia). Las puntuaciones del 
MDS se interpretan de la siguiente manera: 1) puntuación de 0 a 
4: baja adherencia a la DM; 2) puntuación entre 4 y 6: adherencia 
intermedia, y 3) puntuación superior a 6: adherencia elevada.

La adecuación de la ingesta de energía, macronutrientes (perfil 
calórico), perfil lipídico y fibra se realizó mediante la comparación 
con los objetivos nutricionales para la población española (16). El 
análisis nutricional de la dieta se realizó con los datos obtenidos 
a partir del registro dietético de tres días, utilizando el programa 
informático Easy Diet, basado en las tablas de composición de 
alimentos españoles (17).

ESTIMACIÓN DEL NIVEL DE ACTIVIDAD FÍSICA

Para evaluar el nivel de actividad física de los participantes se 
utilizó el instrumento GPAQ (cuestionario mundial sobre la práctica 
de actividad física), versión 2, diseñado y validado por la Organi-
zación Mundial de la Salud (OMS) (18), en su versión en español.

DETERMINACIONES ANTROPOMÉTRICAS

Las mediciones antropométricas (peso, talla) fueron realizadas 
por el mismo explorador, siguiendo los protocolos del National 

Health and Nutrition Examination Survey (NHANES) (19) y de la 
OMS (20). El peso corporal se determinó con una báscula SECA 
(Hamburgo, Alemania), con una precisión de 100 g; y la talla se 
midió con un tallímetro SECA (Hamburgo, Alemania), con una 
precisión de 0,1 cm.

ANÁLISIS ESTADÍSTICO

El análisis estadístico se realizó con el paquete estadístico SPSS 
19.0 para Windows. La normalidad de las variables se determinó 
mediante el test de Kolmogorov-Smirnov o Shapiro-Wilk. Para 
evaluar las diferencias entre las distintas variables en función 
de una variable dicotómica (sexo, deportista) se empleó la t de 
Student para medidas independientes o la U de Mann-Whitney, 
en función de la normalidad de las variables. La significación 
estadística se alcanzó con p < 0,05.

RESULTADOS

La muestra de estudio estuvo formada por un grupo de 49 uni-
versitarios, 17 varones (34,7%) y 32 (65,3%) mujeres, con una 
edad media de 22,4 (20,9-23,0) años. El índice de masa corporal 
(IMC) medio de los varones fue significativamente mayor que el 
de las mujeres: 22,9 kg/m2 (2,0) frente a 21,3 kg/m2 (2,1). No 
obstante, las diferencias no fueron significativas, ni estadística 
ni clínicamente (en ambos sexos el IMC indicaba normopeso). 
Tampoco se encontraron diferencias significativas en hombres y 
en mujeres en función de la práctica de actividad física regular 
(Tabla I).

En la figura 1 se muestra el nivel de actividad física en hombres 
y mujeres en función de la práctica de actividad física. Como se 
puede observar, el nivel de actividad física de las mujeres que 
practicaban deporte universitario fue inferior al de los hombres 
que también lo practicaban. En cambio, entre los no deportistas, 

Tabla I. Características de la muestra
Hombres Mujeres

ND  
(n = 7)

D  
(n = 10)

ND  
(n = 20)

D  
(n = 12)

Edad 
(años)

22,8 (3,2) 22,2 (2,4) 21,7 (1,3) 23,5 (3,8)

Peso (kg) 72,7 (6,9) 78,1 (6,2) 56,7 (7,7)
56,3  

(53,4-59,6)

Talla (m)
1,74  

(1,72-1,86)
1,85 (0,10) 1,62 (0,07)

1,62  
(1,60-1,72)

IMC  
(kg/m2)

22,9 (2,0) 22,9 (2,1) 21,5 (2,3) 21,0 (1,7)

ND: no deportistas; D: deportistas; IMC: índice de masa corporal.
Los resultados se describen como media (DE) o mediana (intervalo 
intercuartil).
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casi la mitad de las mujeres realizaban actividades moderadas, 
mientras que los varones presentaron mayoritariamente una acti-
vidad ligera.

El análisis de la ingesta dietética se muestra en la tabla II. No se 
observaron diferencias estadísticamente significativas en ninguna 
de las variables analizadas en función de la actividad física ni en 
los hombres ni en las mujeres, a excepción del hierro, cuyo aporte 
dietético en las mujeres que practicaban deporte universitario fue 
superior al de las que no lo practicaban. A pesar de que no se 
observaron diferencias estadísticamente significativas en el resto 
de las variables, cabe destacar que el aporte energético de la die-
ta fue superior en los estudiantes que practicaban actividad física 
regular con respecto a los que no la practicaban, tanto en hom-
bres como en mujeres. Además, en ambos casos el incremento 
en el aporte energético provenía de hidratos de carbono (HCO), 
aunque en ninguno de los grupos se alcanzó el objetivo nutricional 
(> 50% del valor calórico total). El perfil lipídico y el criterio de 
calidad de la grasa dietética de ácidos grasos monoinsaturados 
(AGM) y ácidos grasos poliinsaturados (AGP)/saturados (AGS) 
tampoco alcanzó los objetivos nutricionales (ON) en las mujeres, 

Actividad intensa
Actividad moderada
Actividad ligera

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
ND ND

Hombres Mujeres
D D

28,6%

71,4%

80,0% 25,0% 66,7%

20,0%

45,0%

30,0%

8,3%

25,0%

Figura 1. 

Nivel de actividad física: catalogación según el cuestionario GPAG.

Tabla II. Análisis de la ingesta dietética
Hombres Mujeres

ND (n = 7) D (n = 10) ND (n = 20) D (n = 12)

Valor calórico, perfil calórico y lipídico de la dieta

Energía (kcal) 2.358,6 (520,6) 2.987,1 (1.236,4) 1.715,5 (402,1) 2.015,3 (470,1)

HCO (%) 42,7 (7,5) 45,1 (4,5) 41,3 (5,8) 43,9 (6,2)

Prot. (%) 18,9 (10,0) 17,3 (2,8) 18,7 (5,3) 18,2 (2,7)

Grasa (%) 35,4 (5,3) 36,8 (4,9) 39,0 (5,8) 38,2 (5,2)

AGM (%) 14,6 (1,8) 13,4 (5,3) 16,4 (3,1) 16,3 (3,2)

AGP (%) 5,4 (1,6) 5,8 (2,1) 6,2 (2,2) 5,8 (1,5)

AGS (%) 12,7 (2,9) 9,7 (4,6) 12,7 (3,5) 12,1 (3,1)

Índices de calidad de la dieta

(AGM+AGP)/AGS 1,7 (0,5) 2,3 (1,0) 1,8 (1,5-2,2) 1,9 (0,5)

Fibra (g/1.000 kcal) 10,2 (4,1) 8,0 (7,2-13,4) 9,8 (8,0-13,8) 10,5 (2,3)

Col. (mg/1.000 kcal) 172,5 (43,7) 162,3 (140,2-178,4) 180,4 (63,4) 177,6 (53,9)

Vitamina E/AGP (mg/g) 0,69 (0,18) 0,73 (0,68-0,89) 0,71 (0,22) 0,74 (0,17)

Vitamina B6/Prot. (mg/g) 0,025 (0,023-0,029) 0,025 (0,007) 0,024 (0.022–0.029) 0,025 (0,005)

Ca/P 0,6 (0,2) 0,5 (0,1) 0,6 (0,1) 0,6 (0,1)

Na/K 0,9 (0,3) 1,0 (0,4) 0,9 (0,3) 0,9 (0,2)

Nutrientes de riesgo

Na (mg) 3.224,8 (1.022,6) 4.119,0 (1.423,5) 2.393,4 (782,1) 2.890,2 (620,5)

Ácido fólico (µg) 356,3 (81,9) 425,3 (172,9) 272,0 (98,8) 319,4 (86,0)

Ca (mg) 1.000,4 (257,2) 933,5 (726,7-1.086,0) 762,3 (227,8) 848,5 (234,4)

Fe (mg) 16,0 (3,8) 18,3 (5,7) 10,4 (8,2-11,0)a 13,0 (3,8)

ND: no deportistas; D: deportistas; HCO: hidratos de carbono; Prot.: proteínas; AG: ácidos grasos monoinsaturados; AGP: ácidos grasos poliinsaturados; AGS: ácidos 
grasos saturados; Col.: colesterol; Ca: calcio; P: fósforo; Na: sodio; K: potasio; Fe: hierro.
Los resultados se describen como media (DE) o mediana (intervalo intercuartil).
ap < 0,05 respecto a los deportistas del mismo sexo.
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independientemente de la práctica de deporte universitario, ni 
en los hombres que no practicaban actividad física regular. En 
cambio, en los hombres que sí practicaban actividad física el 
porcentaje de AGS fue inferior al 10% (ON intermedio) y el criterio 
de calidad de la grasa también se ajustó a los ON (> 2). La densi-
dad nutricional del colesterol fue elevada y la de la fibra reducida 
tanto en hombres como en mujeres, independientemente de la 
práctica de actividad física. Por último, las ratios vitamina E/AGP 
y vitamina B6/proteína fueron adecuadas en todos los subgrupos 
(> 0,6 mg/g y > 0,02 mg/g, respectivamente).

En cuanto al patrón de ingesta de los estudiantes (frecuencia de 
consumo), en términos globales destaca por un escaso consumo 
de frutas, verduras y hortalizas, cereales, aceite de oliva, pescado 
y frutos secos, y un consumo excesivo de carne, mantequilla, 
bollería industrial, dulces, snacks y refrescos. El consumo de 
lácteos, huevos, vino y cerveza fue acorde a las recomendacio-
nes. No se encontraron diferencias significativas en función de 
la práctica de actividad física regular, ni en los hombres ni en las 
mujeres (Tabla III).

Por último, el grado de adherencia a la DM fue, en términos 
globales, bajo. En torno al 50% de la muestra, en ambos sexos, 
presentó una adherencia baja o muy baja. Los hombres depor-
tistas tenían mayor adherencia a la DM que los no deportistas, al 
contrario de lo que ocurrió en el grupo de mujeres. La adherencia 
a la DM de las mujeres deportistas fue menor que la de los hom-
bres deportistas (Fig. 2).

DISCUSIÓN

En este trabajo se ha estudiado la ingesta de un grupo de estu-
diantes de la Universidad de Valladolid comparando la de aquellos 

Tabla III. Frecuencia de consumo de alimentos

Hombres Mujeres

ND (n = 7) D (n = 10) ND (n = 20) D (n = 12)

Frutas (r/d) 1,5 (1,0) 2,8 (1,7) 2,1 (1,4) 2,0 (0,8)

Verduras y hortalizas (r/d) 1,3 (0,9) 1,0 (0,6-2,4) 1,8 (1,0) 1,8 (1,0)

Pan, cereales, cereales integrales, arroz, 
pasta, patatas (r/d)

3,2 (2,4-5,5) 2,2 (1,7-3,3) 2,1 (1,3-3,6) 2,6 (1,4)

Lácteos y derivados (r/d) 2,3 (1,1-2,5) 2,8 (1,7) 1,6 (1,1-2,8) 2,2 (0,9)

Aceite de oliva (r/d) 2,0 (1,0-2,0) 2,1 (1,4) 2,4 (1,4) 2,8 (1,7)

Pescados y mariscos (r/s) 3,0 (1,9) 3,5 (1,5) 2,8 (2,0) 2,5 (1,5)

Carnes magras (r/s) 9,2 (2,5) 8,7 (4,0) 5,4 (2,8) 5,0 (2,9)

Huevos (r/s) 3,0 (3,0-3,0) 3,0 (3,0-5,4) 3,0 (1,0-3,0) 3,0 (1,5-3,0)

Legumbres (r/s) 6,4 (3,0-6,4) 6,5 (2,6) 4,2 (3,0-5,3) 4,7 (3,9)

Frutos secos (r/s) 0,6 (0,6-2,4) 1,4 (1,0-3,0) 1,1 (0,6-2,2) 0,3 (0,0-1,1)

Carnes grasas y procesadas (r/s) 3,4 (2,3) 3,3 (2,2-6,9) 1,8 (1,4) 2,4 (1,1)

Mantequilla, margarina y bollería 
industrial (r/d)

2,0 (1,7-4,0) 3,9 (2,4) 2,5 (1,3) 2,9 (1,9)

Dulces, snacks y refrescos (r/s) 11,4 (5,1-21,4) 10,9 (5,4) 10,5 (7,0) 3,6 (2,1-24,2)

Bebidas de alta graduación (r/s) 0,6 (0,0-1,2) 1,2 (0,4-1,9) 0,6 (0,0-1,2) 0,6 (0,0-1,1)

Vino y cerveza (r/d) 0,1 (0,0-0,7) 0,3 (0,2-1,0) 0,5 (0,1-0,8) 0,2 (0,0-0,8)

D: deportistas; MD: no deportistas; r/d: raciones por día; r/s: raciones por semana.
Los resultados se describen como media (DE) o mediana (intervalo intercuartil).
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Figura 2. 

Adherencia a la dieta mediterránea.
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que formaban parte de equipos deportivos con la de estudian-
tes que no practicaban actividad física habitualmente.

El valor medio del IMC de los universitarios evaluados indicó 
normalidad nutricional, sin diferencias significativas en función de 
la práctica deportiva, ni en varones ni en mujeres. Estos resultados 
coinciden con los obtenidos en otros estudios que han documen-
tado que la mayoría de los universitarios españoles se encuentra 
dentro de la categoría de normopeso (2,4,21,22), aunque en algu-
nas zonas, principalmente del sur de España, se ha observado una 
alta prevalencia de sobrepeso y obesidad entre los jóvenes (23).

La actividad física se analizó utilizando el GPAQ, que tiene en 
cuenta la actividad realizada en el trabajo, en los desplazamien-
tos y en el tiempo libre. A pesar de ser un método subjetivo, su 
reproducibilidad es mejor que la de otros cuestionarios como 
el Cuestionario Internacional de Actividad Física (IPAQ) (24). El 
nivel de actividad física en varones fue similar al observado en 
otros estudios (25) y coherente con el grupo al que pertenecían, 
no habiendo ocurrido así en las mujeres. A este respecto, hay 
que tener en cuenta que el cuestionario GPAQ, a pesar de que 
está validado (26,27), sobreestima la actividad física de personas 
sedentarias (28). En este sentido, es posible que las mujeres del 
presente trabajo hayan sobreestimado la actividad física que rea-
lizan. Por otra parte, también conviene considerar que el deporte 
universitario es una actividad lúdica que, aunque tiene un com-
ponente competitivo considerable, no está sujeto a las exigencias 
del deporte de élite, ni en cuanto a la condición física requerida, ni 
al nivel de entrenamiento y competición. Por lo tanto, los sujetos 
estudiados deben considerarse como población general activa.

En cuanto al análisis de la ingesta, la dieta de los universitarios 
evaluados es adecuada desde el punto de vista energético, como 
se ha observado en otros estudios (4,29). No obstante, el perfil 
calórico es desequilibrado en ambos sexos, independientemente 
de la práctica deportiva, y se ha observado un excesivo aporte 
de grasas y proteínas en detrimento de los HCO, lo que puede 
explicarse por la elevada ingesta de carne y sus derivados, bollería 
industrial, mantequilla y snacks. Este perfil es muy habitual en el 
colectivo universitario (4,23), y en la población general (30). Otros 
trabajos, en cambio, han observado perfiles más adecuados en 
estudiantes universitarios (31).

En cuanto al perfil lipídico, las mujeres presentaron un consumo 
adecuado de AGM y AGP, pero elevado de AGS, igual que los varo-
nes, aunque en estos el consumo de AGM fue ligeramente inferior 
de lo recomendado. Estos resultados coinciden con los datos del 
estudio ENIDE sobre jóvenes de entre 18 y 24 años (32). La ingesta 
de colesterol en ambos grupos fue muy elevada. Todo ello indica 
que la dieta de los estudiantes evaluados era potencialmente ate-
rogénica. Este perfil lipídico se ha documentado en otros trabajos 
realizados en universitarios (30,31). También se observó un aporte 
de fibra dietética escaso, sin diferencias significativas en función 
del sexo o de la práctica deportiva, lo que ya se ha documentado 
en otros grupos (29-31,33). Esta reducida ingesta de fibra se debe 
al escaso aporte de frutas, verduras y cereales.

Para analizar la adherencia a la DM se empleó el MDS dise-
ñado por Trichopoulou y cols. (6). Este cuestionario indicó que en 
torno a la mitad de la muestra evaluada presentó una adheren-

cia baja o muy baja a la dieta mediterránea, con diferencias en 
función del sexo y de la actividad física: los varones deportistas 
tenían mayor adherencia que los sedentarios, mientras que en 
las mujeres ocurría lo contrario. Estos resultados resultan lla-
mativos, ya que habitualmente las principales motivaciones de 
las mujeres universitarias para practicar actividad física están 
relacionadas con el mantenimiento de la forma física, la salud 
y la imagen personal, mientras que en los varones están más 
relacionadas con la competición y las relaciones sociales (34). 
Por ello cabría esperar que la adherencia a la DM fuese mayor 
en las mujeres deportistas frente a las que no practicaban acti-
vidad física regular.

CONCLUSIONES

El análisis cuantitativo y cualitativo de la dieta evidencia que, 
efectivamente, los jóvenes universitarios no siguen un patrón de 
dieta mediterráneo, sino que se acercan más al modelo de dieta 
occidental, y en nuestra muestra esto es independiente de la 
práctica de actividad física regular.
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Resumen
Introducción: la estrategia de prevención del cáncer de mama sigue siendo el factor clave para el diagnóstico precoz y el método más efi caz 
para el seguimiento de la enfermedad.

Objetivo: este estudio tuvo como objetivo evaluar el nivel de vitamina D asociado con el cáncer de mama en las mujeres.

Métodos: este estudio de casos y controles hospitalarios se llevó a cabo con 181 mujeres con cáncer de mama y 197 controles sanas. Se 
estudió el nivel de vitamina D, calcio, fósforo y la dosis de suero PTH; se recopilaron de datos relacionados con el estilo de vida y com la historia 
de las pacientes, además se realizaron mediciones antropométricas. El análisis univariante (Chi-cuadrado probabilidades y primas ratio) y el 
análisis multivariado se realizó mediante regresión logística multivariante.

Resultados: este estudio muestra un valor más alto de vitamina D en los controles de salud (26,9 mg/dl) que en las mujeres con cáncer de 
mama (24,8 mg/dl). Se encontraron más mujeres con sufi ciente vitamina D (34,85%) en el grupo control que en el grupo de cáncer. Usando el 
modelo de regresión logística múltiple, la historia familiar de cáncer de mama (OR 36,37; IC del 95%: 4,75 a 278,50) y la menopausia (OR 5,17; 
IC del 95%: 2,72 a 9,80) se halló una relación directa con el cáncer de mama, mientras que el nivel de vitamina D (OR 0,95; IC del 95%: 0,91 
a 0,99) y la actividad física moderada (OR 0,31; IC del 95%: 0,10 a 0,93) mantienen las asociaciones inversas con la enfermedad.

Conclusión: el estado de vitamina D y la práctica de actividad física moderada se consideraron factores de protección para el cáncer de mama. 
Sin embargo, la menopausia y la historia familiar de cáncer de mama se consideran un factor de riesgo para el cáncer de mama.

Abstract
Introduction: The prevention strategy of breast cancer is still the key factor for early diagnosis and the most effective method for tracking the 
disease.

Objective: This study aimed to evaluate the association vitamin D level with breast cancer in women.

Methods: This hospital case-control study was conducted with 181 women with breast cancer and 197 healthy controls. Vitamin D status, calcium, 
phosphorus and PTH serum dosage and data collection related to lifestyle and patient’s history, besides anthropometric measurements were 
performed. Univariate analysis (Chi-square and raw odds ratio) and multivariate analysis were performed through multivariate logistic regression.

Results: This study shows a higher value of vitamin D in health controls (26.9 mg/dL) than in breast cancer women (24.8 mg/dL). Higher numbers 
of women with suffi cient vitamin D status (34.85%) were found in control group than cancer group. Using the multiple logistic regression model, 
the family history of breast cancer (OR 36.37, 95%CI 4.75-278.50) and menopause (OR 5.17, 95% CI 2.72-9.80) had a direct association with 
breast cancer, while the level of vitamin D (OR 0.95, 95%CI 0.91-0.99) and moderate physical activity (OR 0.31, 95%CI 0.10-0.93) maintained 
the inverse associations with the disease.

Conclusion: Vitamin D status and the practice of moderate physical activity were considered protective factors for breast cancer. However, 
menopause and family history of breast cancer were considered a risk factor for breast cancer. 
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INTRODUCTION

Increasing life expectancy, adoption of western lifestyle, and 
growing urbanization has raised the global incidence of breast can-
cer (1). Breast cancer has known risk factors such as the cellular 
aging, family history, alcohol consumption (2), overweight (3), sed-
entary lifestyle, and high breast tissue density (4). Other risk factors 
are related to women’s reproductive life, which leads to increased 
endogenous estrogen levels, as the later age at first childbirth, early 
menarche, and late menopause (1,3). Some studies indicated that 
sun exposure and vitamin D levels are inversely proportional to the 
risk of developing breast cancer (5,6). Moreover, it is suggested 
a greater benefit if sun exposure occurs during the breast tissue 
development in young stages of women’s life (7). Furthermore, vita-
min D may act directly in tumorigenesis, and extrarenal tissues such 
as breast tissue, expressing the CYP27B1 enzyme, that provide 
instructions for the synthesis of 1-α-hydroxylase. This enzyme is 
responsible for converting the inactive precursor of vitamin D to the 
active form, namely, 1, 25-dihydroxycholecalciferol [1,25(OH)

2
D

3
]. 

This vitamin can have autocrine or paracrine activity, protecting the 
breast tissue cells from malignant transformation (8). The production 
of 1,25(OH)

2
D

3
 is controlled by its own levels and is controlled by 

the parathyroid hormone, fetal growth factor 23, and calcium and 
phosphorus levels in serum (9).

Parathyroid hormone (PTH) along with vitamin D is involved in 
calcium homeostasis acting directly or indirectly in organs relat-
ed to its storage, excretion, and absorption. Moreover, PTH can 
promote both formation and reabsorption of the bone tissue. Also, 
drops in calcium levels of 10% are sufficient to increase PTH 
serum levels (10,11).

In this study, we aimed to evaluate the associations between 
lifestyle, vitamin D status, PTH, calcium and phosphorus levels in 
serum, with breast cancer in women in the Hospital Foundation 
of Belo Horizonte, Minas Gerais, Brazil.

MATERIAL AND METHODS

STUDY POPULATION

This study is a part of hospital-based case-control study, whose 
source of patients were health services, ambulatory care; hospital; 
compulsory notification or registration diseases. The study was 
conducted with women treated in the Mastology Service of Odete 
Valadares Maternity, of Hospital Foundation of Minas Gerais State 
(FHEMIG), in Belo Horizonte, Minas Gerais, Brazil. Women who 
were referred to the ambulatory care were invited to participate in 
the study as volunteers. Those women who accepted signed the 
free and clarified consent term. The study followed the Declaration 
of Helsinki and was approved by the National Committee of Ethics 
in research (protocol number: 1889/2005) (12,13).

The case group (GCa) was composed by women who were referred 
for evaluation at the Maternity Odete Valadares, older than 18 years, 
living in rural or metropolitan region of Belo Horizonte, Minas Gerais, 
Brazil, with mammography result BI-RADS (14) (Breast Imaging 

Reporting and Data System) 0, 3, 4 or 5 (assessment incomplete, 
probably benign, suspicious abnormality and highly suspicious of 
malignancy, respectively) and breast cancer confirmed by biopsy. The 
control group (GCo) was composed by women who were older than 
18 years old, lived in same area in Brazil, and mammography’s result 
BI-RADS 1 or 2 (negative and benign findings) (14).

The exclusion criteria were: the age below 18 years old, previ-
ous history of any other cancer type, benign, suspicious or indeter-
minate biopsy result or not having performed mammography.

A total of 378 women were selected for the study, 181 healthy 
women (GCo group) and 197 women with breast cancer (GCa 
group). Only those women with ductal or invasive lobular carcin-
oma were included in GCa group. Women with in situ disease, or 
Phyllodes malignant or borderline breast tumor or benign disease 
biopsy were not included in the study.

STUDY DESIGN

Data collection was carried out in the ambulatory in two steps: 
In the first step, prior to diagnosis, nutritional interview, lifestyle 
characteristics, medical history (such as diabetes), family history 
data and anthropometric measurements were collected. In the 
second stage, after diagnosis, peripheral blood sample was col-
lected for laboratory analysis.

The anthropometric assessment was performed considering the 
weight and percentage of fat using the Tanita Body Fat Monitor Scale 
(model TBF 531©) and height was noted using the vertical stadiom-
eter (Altura Exata©). The waist and hip circumferences were also 
measured and the body mass index (BMI) was calculated (12,15).

A questionnaire previously validated by Pena et al (12) was 
applied to the studied population to characterize the sample with 
regards to socioeconomic issues, medical history (such as dia-
betes), lifestyle, and food consumption.

Regarding the variables related to women’s gynecological history, 
menarche and menopause age were requested. If they had children, 
the number of living children, abortion, breastfeeding, duration of 
breastfeeding for each child, age at first pregnancy, oral contra-
ceptive use, and hormone replacement therapy were also asked.

The patients provided information about lifestyle, as alcohol 
use, smoking behavior and physical activity Those women who 
consumed at least one dose (10 g of alcohol) of any alcoholic 
beverage daily or more than 3 days a week were considered 
alcoholics (12,16). Those who reported smoking at least one 
cigarette per day, regardless the time of use, were considered 
smokers (17). The practice of physical activity was assessed by 
the International Physical Activity Questionnaire (IPAQ) (18), short 
version, and the women were classified as sedentary, low active, 
or active (12) (Fig. 1).

BIOCHEMICAL ANALYSES

Blood samples (4 mL) were collected in opaque bottles con-
taining EDTA at the Odette Valadares Maternity’s ambulatory care 
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on interview day. The blood was centrifuged to obtain plasma and 
stored at −80 °C for further analysis.

Serum levels of vitamin D, calcium, phosphorus, and PTH were 
measured in 256 women. For the vitamin D dosage, the ABBOTT© 
chemiluminescence kit was used and the metabolite 25-hydroxy-
vitamin D [25(OH)D] was dosed (imprecision ≤ 10%,accuracy, 
8,0 ng/mL detection limit, 8,0-160 ng/mL reference range). PTH 
was also dosed by chemiluminescence using the Beckman Cout-
er© Kit (imprecision ≤ 8%, accuracy, 1 pg/mL detection limit, 
12-88 pg/mL reference range). Calcium and phosphorus were 
measured by colorimetric method according to the manufacturer’s 
protocol (Beckman Couter©) (calcium; precision 0,95% coeffi-
cient of variation, detection limit 0,01 mmol/L, reference range 
8,8-10,6 mg/dL, phosphorus: precision < 3% CV, detection limit 
1 mg/dL, reference range 3.7-7.2 mg/dL). The analyses were 
performed in the clinical laboratory of the Health Division at the 
Federal University of Viçosa, Minas Gerais, Brazil.

STATISTICAL ANALYSIS

The statistical analyses were carried out using Stata program, 
version 9.1. Kolmogorov Smirnov normality test was performed 
for each continous variable. The mean values for the variables net 
income, age, age at first pregnancy, age of menopause, patients’ 
age when they performed the first mammography, weight, BMI, 
parathyroid hormone, calcium, phosphorus and vitamin D pre-
sented asymmetric distribution. Furthermore, Student’s t test 
was used to evaluate the differences between the averages of 
the GCa and GCo groups. The Mann-Whitney test was used for 
determination of asymmetric distribution. In addition, the associ-
ation between the breast cancer and each categorical variable 
was evaluated using the Chi-square test. Univariate analysis 
(chi-square and raw odds ratio) and multivariate analysis were 
performed through multivariate logistic regression (cancer was 
considered dependent variable, and menopause, diabetes, age 
at first pregnancy, patients age when they made the first mam-
mography, physical activity, income, contraceptive, body fat, 

 vitamin D, alcoholism, breast cancer history family, nulliparity, age 
and breast-feeding were considered independent variables). A 5% 
level of significance was considered for the analysis.

RESULTS

The characteristics of the women in each group are shown in 
table I. The women with breast cancer were older than healthy 
controls (p < 0.001). There was no difference between the groups 
regarding the level of education and rural or urban living. A total of 
378 women were evaluated, with a median age of 51 years (44-
59 years). Among them, 43.09% of women were from the rural 
zone and 29.63% had attended full middle school (full middle 
school, 7th grade, or more) (data not shown).

The average net income of the family and the minimum wage 
was assessed. Women from control group had higher income 
than women from case group (p = 0.018) (Table I). In relation to 
reproductive factors, more women from GCo reported having at 
least one born child alive than the women from GCa (p = 0.014) 
(Table I). There was no difference between the groups regard-
ing breastfeeding, (p = 0.120) and use of hormone replacement 
therapy (p = 0.45). The contraceptive use was higher in control 
women (p = 0.025). The first term pregnancy equal to or more 
than 30 years old was higher in GCa group (p = 0.024) (Table I). 
The average of age of women when they first underwent mam-
mography was higher in the GCa group (43 years × 40 years, 
p = 0.002). Approximately 80.51% of cases and 41.24% of 
controls were in menopause (p < 0.001) (Table I). However, no 
difference was observed for the age of menopause between the 
groups (p = 0.61). The mean age of menarche was the same in 
both groups approximately 13 years (p = 0.611) (data not shown).

Differences between groups were not found for anthropomet-
ric characteristics, like BMI, weight and waist-hip ratio (WHR) 
(p = 0.842, p = 0.402 and p = 0.464). To assess the percentage 
of body fat, patients were classified as normal/eutrophic body fat 
or high body fat. More women of control group presented high 
percentage of body fat than in GCa (p = 0.049) (Table I).

The lifestyle, current or previous smoking, alcoholism, 
and physical activity was assessed. In GCo group, 17.68% of 
women reported current smoking, while in GCa group, only 
12.69% reported smoking (p = 0.014). With regard to alcoholism, 
more women in GCo group did not consume alcohol in sufficient 
levels to configure alcoholism than in GCa (p < 0.001) In relation 
to the practice of physical activity, most of women from control 
group practiced mild physical activity. However, in case group, 
most of the women did not practice any physical activity. In GCo 
13.41% had moderate physical activity, while in the GCa group 
3.57% reported the same (p = 0.001) (Table I).

The median value of vitamin D in GCo group was higher than 
GCa group (p = 0.008). In GCo group, 34.59% had vitamin D lev-
els above 30 ng/mL, while in the GCa group, only 21.95% had 
sufficient levels. Approximately 51.13 and 51.22% of controls and 
cases, respectively, had vitamin D levels considered as insuffi-
cient (between 21 and 29.9 ng/mL); while 14.29% in GCo group 

Figure 1. 

Study design. Number of women selected in the case and control groups, accord-
ing to inclusion and exclusion criteria. 

378 women

181 Birads  
1-2 mammography

181 controls 197 cases

197 Birads 0,3,4,5 mammography 
and ductal ou lobular invasive 

breast cancer - included

BIRADS (Breast Image Reporting and Data System) defined according to Eberl et al. (14).
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and 26.83% in GCa group had deficient levels, less than 20 ng/mL 
(p = 0.014). The analysis of calcium, phosphorous, and PTH did 
not show any differences (p > 0.05) between the groups (Table II).

The results of the univariate analysis indicate a direct associ-
ation between the disease and the age of women, nulliparity, age 
of first successful pregnancy, age the first mammography, dia-
betes mellitus, and family history of breast cancer. Inverse asso-
ciation was verified with moderate physical activity, percentage 
of body fat, use of hormonal contraceptive, and vitamin D levels 
(p < 0.05) (Table III).

Finally, a direct association was found between menopause 
(OR = 5.17, 95% CI = 2.72-9.80) and family history of breast 

cancer (OR = 36.37, 95% CI = 4.75-278.50), considered risk 
factors. Moreover, an inverse association was also observed 
between vitamin D levels (OR = 0.95, 95%CI = 0.91-0.99) and 
moderate physical activity (OR = 0.31, 95%CI = 0.10-0.93), with 
protective effect for breast cancer (Table IV).

DISCUSSION

The results suggest that menopause (12 months or more of 
amenorrhea) is associated with breast cancer. GCa had more 
menopausal women than GCo. This result was maintained in the 

Table I. Characteristics of women from case and control groups

Characteristics n
Groups

p
Case Control

Age (years)a, ** 377 54 (48-62) 47.5 (42-53) < 0.001*

Average net income (R$)a, ** 372 600 (350-1000) 700 (400-1200) 0.018*

Income in minimum wage a,** 362 1.714 (1-2.85) 2 (1.14-3.42) 0.018*

Income < R$700,00 (%)b 362 54,31 43.09 0.044*

Rural region (%)b 369 45.31 40.68 0.369

Schooling (full middle school/7th grade or more) (%)b 378 28.43 30.94 0.864

Previous history of benign breast disease (%)b 374 17.77 0 < 0.001*

Family history of breast cancer (%)b 374 31.12 1.12 < 0.001*

Age of first pregnancy (years) a,** 316 23 (19.5-26) 20 (18-24) < 0.001*

Age first pregnancy > = 30 years (%)b 316 14.74 6.88 0.024*

Children (yes, %)b 79.70 88.95 0.014*

Children (no, %) 20.3 11.05

Use of contraceptive (%)b 373 51.78 62.43 0.025*

Breast-feeding (%)b 371 74.62 82.32 0.120

Menopause (%)b 372 80.51 41.24 < 0.001*

Age of first mammography (years)a,** 362 43 (39-52) 40 (36-46) 0.002*

High % body fat (%)b 363 48.11 58.43 0.049*

Weight (kg)a, ** 372 63.8 (56.8-75.2) 66.2 (57.2-75.6) 0.402

Body mass index (BMI)a, ** 372 26.89 (23.57-30.73) 26.95 (24.08-30.49) 0.842

Diabetes mellitus (%)b 13.71 7.26 0.043*

Alcoholism (n,%)b,*** < 0.001*

Yes 56 31 (15.74) 25 (13.81)

No 292 139 (70.56) 153 (84.53)

No answer 30 27 (13.71) 3 (1.66)

Physical activity (n, %)b,*** 375 0.001*

Sedentary lifestyle 167 102 (52.04) 65 (36.31)

Mild 147 87 (44.39) 90 (50.28)

Moderate 31 7 (3.57) 24 (13.41)
aMann Whitney, bχ2 Test, **Median (interquartile interval), ***estimated population size and percentage (n,%) are presented.
*Significant difference at p < 0,05.
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final statistical model, even after the adjusted model for patient 
age. Despite the breast cancer patients were older than controls, 

it did not influence the association between breast cancer and 
menopausal status.

Although menopause is not considered a risk factor for breast 
cancer, the late menopause (after 55 years) is directed associated 
with the disease (19), due to longer exposure of endogenous 
hormones. The estrogen exposure has also been associated with 
conditions like nulliparity, late menopause age, early menarche 
and giving first birth at later age (20). There is an increased risk 
each year of late menopause, particularly in positive estrogen 
receptors tumors (2121). Despite of it, this study did not show 
difference for the age of menopause (p = 0.600) and late meno-
pause (p = 0.083) between GCa e GCo. This result is due the 
close menopause age between groups.

Age is considered a risk factor for breast cancer (22). In 
approximately 80% of cases, the disease occurs after age 50 (4). 
According to Howlader et al, the risk of developing breast cancer 
among American women increases 0.44% at 30 years, 2.38% at 
age 50 and 3.82% at 70 years (23). In this study, the patients of 
CaG had median age higher than controls, with a direct association 
with breast cancer. However, this association did not persist after 
the adjustment in the final model. In a systematic review, Cutler 
et al. (24) observed an average of cumulative breast cancer inci-

Table II. Levels of vitamin D, calcium, phosphorus and PTH in case and control groups

Characteristics n
Groups

p
Case Control

Vitamin D (ng/mL)a,** 256 24.8 (20.5-29.3) 26.9 (22.3-32) 0.008*

Status of vitamin Db (n,%)# 256 0.014*

Deficient 33 (27.05) 19 (14.399)

Insufficient 62 (50.82) 67 (50.76)

Sufficient 27 (22.13) 46 (34.85)

Calcium level (mg/dL)a,** 256 9.9 (9.6-10.3) 9.7 (9.4-10.1) 0.127

Phosphorus level (mg/dL)a,** 256 3.7 (3.3-4) 3.7 (3.4-4.2) 0.236

PTH level (pg/mL)b,# # 256 8.5 9.0 0.660
aMann Whitney, bχ2 Test, **Median (interquartile interval), #mean, estimated population size (n) and percentage (%). # #Mean. *Significant difference at p < 0.05.

Table III. Association of patients’ 
characteristics and incidence of breast 

cancer among the study groups
Characteristics OR 95% CI p

Age 1.06 1.04-1.09 < 0.001*

Menopause 5.89 3.70-9.36 < 0.001*

Nulliparity 2.05 1.15-3.66 0.015*

Age at first successful 
pregnancy 

1.08 1.03-1.13 0.001*

Age at first pregnancy > 30 years 2.34 1.10-4.99 0.027*

Age at first mammography 1.04 1.02-1.06 0.001*

Income 1.62 1.08-2.45 0.021*

First mammography performed 
after 40 years

1.93 1.27-2.94 0.002*

Diabetes mellitus 2.03 1.01-4.07 0.046*

Family history of breast cancer 39.76 9.55-165.52 < 0.001*

Physical activity - sedentary 1 - -

 Mild 0.62 0.40-0.95 0.027*

 Moderate 0.19 0.08-0.46 < 0.001*

High % body fat 0.66 0.44-0.99 0.049*

Use of hormonal contraceptive 0.62 0.41-0.93 0.022*

Alcoholism 1.37 0.77-2.43 0.289

Vitamin D 0.94 0.91-0.98 0.001*

Vitamin D levels- Deficient (< 20) 1

Insufficient (20-29,9) 0.53 0.28-1.03 0.062

Sufficient (≥ 30) 0.34 0.16-0.71 0.004*

OR: Odds Ratio; 95% CI, 95% Confidence Interval. *Significant difference at 
p < 0.05.

Table IV. Final model of multiple logistic 
regression analysis of breast cancer-

related characteristics
Characteristics OR 95% CI p 

Menopause 5.17 2.72 - 9.80 < 0.001*

Vitamin D 0.95 0.91 - 0.99 0.012*

Mild physical activity 0.61 0.32 - 1.14 0.122

Moderate physical activity 0.31 0.10 - 0.93 0.037*

Family history of breast cancer 36.37 4.75 - 278.50 0.001*

OR: Odds Ratio; 95% CI, 95% Confidence Interval. *Significant difference at 
p < 0.05.
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dence of 0.22% each year of age in women less of 50 years and 
0.23% per year among women either 50 years old or with surgically 
menopausal.

Family history of breast cancer is directly associated with the 
disease. Having a first degree relative with breast cancer is one 
of the most consistent risk factors for the disease (19,25). The 
breast cancer risk in lifetime is 7.8% in women without history 
family, and rises to 13.3 % with one case in family and 21.1% 
with two affected relatives (25). The increased risk of breast 
cancer is associated with different subtypes of the disease, both 
in cancers with hormone receptor positive and negative (26). 
Heredity accounts for about 27% of cases of breast cancer, for 
the sporadic cancer, most cases are related to the environment 
(27). Family history of breast cancer is also found in cases of 
hereditary breast cancer associated with gene mutations BRCA1 
and BRCA2, and other mutations, accounting for 5-10% of 
cases (28).

In our study more women in GCa were reported with family 
history of breast cancer than in GCo (p < 0.001) and there was a 
direct association with the disease (OR = 36.37). Moreover, only 
1.12% of the patients in GCo presented cases of family history 
of breast cancer in first-degree relatives. This value is lower than 
the ones reported in the national literature. For instance, Paiva et 
al. (29), in a case-control study observed a family history of breast 
cancer in 12.5% of the patients with breast cancer and in 13.1% 
of the controls. Matos et al. (30) also showed the prevalence of the 
disease in 2.3% mother, 3.9% sister and 0.2% daughter affected 
by the disease.

Some studies have shown that the practice of physical exercise 
reduces the risk of breast cancer (31-33). In United Kingdon, 3.4% 
of post-menopausal breast cases in 2010 were associated with 
lack of exercise (34). Some possible mechanisms involved in breast 
cancer risk reduction are the reduction of hormone levels induced 
by exercise (35), body fat reduction (36,37), stimulation of antitumor 
immune activity and the reduction of insulin-like growth factors, 
which may increase cell division and inhibit cell death (35,37).

In our study, an inverse association was observed between 
the practice of moderate physical activity and breast cancer 
(p < 0.001). A greater number of GCo patients reported moderate 
physical activity practice (p = 0.001), while sedentary lifestyle was 
higher among the GCa. The moderate physical activity may have 
a protective effect against breast cancer according to the results.

The sedentary lifestyle is associated with 8% of breast cancer 
cases (38). Cohen et al. (39) in 2013 showed in white women that 
increased physical activity was associated with less chance of 
developing breast cancer, while sedentary lifestyle was associated 
with increased risk. The sedentarism is related with weigh gain, 
and cancer risk, including breast cancer, increases with increasing 
BMI (40). In a study with Japanese women, an inverse association 
with breast cancer was found among those who had the habit to 
walk more than an hour a day than those who walked less than 
an hour a day (33).

The benefits of practicing physical activity go beyond the dis-
ease prevention, also influencing the prognosis of breast cancer 
patients (41). Friedenreich et al. (42) observed that the practice of 

moderate to vigorous physical activity in post-menopausal women 
was enough to reduce the total body fat and adiposity. Therefore, 
this benefit may be related to the reduced risk of breast cancer 
in post-menopausal women.

Although there were a greater number of women practicing 
mild or moderate physical activity in the control group (p = 0.001), 
higher percentage of body fat (overweight or obese) was found in 
this group when compared to the GCa (p = 0.049).

The GCo patients had higher levels of 25(OH)D than the GCa 
patients (p = 0.008) (Table II). After stratification in deficient, 
insufficient, and sufficient vitamin D levels, the GCo group showed 
lower number of women with deficient levels and greater number 
of women with sufficient levels than GCa (p = 0.014) (Table II). 
Besides, an inverse association with breast cancer in the final 
model (OR = 0.95, 95% CI 0.91-0.99, p = 0.012) was observed 
(Table IV). Therefore, sufficient levels of vitamin D have given pro-
tective effect against breast cancer. Similar to our study, Park et al. 
(43) also dosed the vitamin D levels and stratified the women in 
groups by the levels of vitamin D, as deficient, insufficient, and 
sufficient (20 ng/dL, 20-29.9 ng/dL, and 30 ng/dL, respectively). 
It was assessed the levels of 25(OH)D in Korean women with 
breast cancer and in the general population, and found a direct 
association with breast cancer in women with deficient vitamin D 
serum levels when compared to those with sufficient levels, with 
no variation of menopausal status.

In Brazil, studies have shown insufficient levels of vitamin D in 
the elderly. Camargo et al. (2014) found concentration of 25(OH) 
D of 24.8 ng/mL in patients aged 67.9 ± 8.6 years (44). Arantes 
et al. (2013) demonstrated deficient levels (< 20 ng /mL) at 17% 
in women with age between 60 and 85 years old (45). Saraiva et 
al. (46) also found insufficient levels of 25(OH)D in 43.8% of out-
patients and 71.2% of institutionalized elderly patients. Saraiva et 
al. (2005) found Vitamin D deficiency in 15.4% and insufficiency 
in 41.9% of patients aged 79.1 ± 5.9 years (47).

According to the Nurses’ Health Study results, comparing the 
highest quintile with the lowest quintile of vitamin D in patients, 
there was a 30% breast cancer reduction risk (48), with even 
more impact in postmenopausal women aged over 60 years. The 
vitamin D action in the risk reduction of breast cancer could be 
explained by the inhibition and control of mammary cell growth 
demonstrated in animal model (49,50), by the antiproliferative 
action of 1,25 (OH)

2
D in tumor-derived endothelial cells, by modu-

lating the cell cycle, and by affecting tumor cell signaling (51). 
Vitamin D also has action on the expression of genes involved in 
growth, differentiation and apoptosis (52). The overexpression of 
p73 is associated with induction of apoptosis in animals and in 
humans and can be influenced by calcitriol (52,53). The presence 
of 25-hydroxyvitamin D3 1-α-hydroxylase (CYP27B1) in mam-
malian cells indicate that local production of vitamin D would lead 
to a paracrine or autocrine action in mammary cells protection 
(54). In the present study, breast cancer patients with low vitamin 
D levels, would probably have less protection against malignant 
transformation and tumor growth.

The menopausal status seems to influence the association 
between vitamin D and breast cancer. However, there is no con-
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sensus in the literature. In a recent meta-analysis evaluating 
nine prospective studies, no association of risk reduction was 
found for breast cancer in pre-menopausal women, however, 
for post-menopausal women a decrease of risk, especially for 
25(OH)D levels between 27 and 35 ng/mL was verified (55). The 
protective effect of adequate levels of this vitamin in preventing 
breast cancer among post-menopausal women was demonstrated 
by Crew et al. (56). Other studies have found benefit in reducing 
breast cancer risk in pre-menopausal women with normal weight, 
mainly with an intake of 5 µg/day of vitamin D (57,58). Abbas et 
al.(59) found an inverse association between breast cancer in 
pre-menopausal women and vitamin D levels, without interaction 
with BMI and family history of breast cancer, also demonstrated 
among Japanese women.

Fedirko et al. (60) also demonstrated an inverse association 
between circulating levels of vitamin D and breast cancer among 
pre-and post-menopausal Mexican women in a case-control 
study. This study had a greater number of menopausal women 
among the cases. The 25(OH)D

3
 average was 18.6 ng/mL in the 

cases and 21.9 ng/mL in controls. Furthermore, among the con-
trols, 36% of women had deficient vitamin D levels (25(OH)D

3
 < 

20 ng/mL) and 9% sufficient levels (> 30 ng/mL). Similarly, in this 
study, in GCa group, a greater number of menopausal women was 
observed. Among GCo patients, 14.29% had deficient levels and 
34.59% sufficient levels of vitamin D (Table II).

The serum levels of calcium, phosphorus and PTH did not 
present difference between case and control groups, independent 
of vitamin D status and despite the vitamin D levels. The calcium 
and the vitamin D supplement intake may have a role in reduction 
of breast cancer risk (61-63), but more studies are needed to 
confirm this association.

 The direct association was found in this study between dia-
betes mellitus and breast cancer in univariate analysis, but it did 
not remain after the final model analysis.

CONCLUSION

This case-control study demonstrated that menopause and 
family history of breast cancer were considered risk factors for 
breast cancer in women independent of the women age.

The serum level of vitamin D was considered protective factor 
for breast cancer. Despite the vitamin D levels found in women 
with breast cancer being lower than those of the control group, 
both averages were stratified as sufficient level. The vitamin D 
status is not yet used for breast cancer screening in women. 
However, this result suggests that vitamin D may have a positive 
impact as strategy of breast cancer prevention or reduction. Thus, 
an interesting strategy would be to screening women with insuffi-
cient and deficiency vitamin D status to provide supplementation 
of this vitamin. Another strategy could be the encouragement 
of physical activity practice for health improvement, since the 
practice of moderate to intense physical activity had a protective 
effect for breast cancer. Thus, our findings will contribute to fill an 
important gap in the scientific literature.
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Abstract
Objectives: To estimate the preventive activities carried out by the patients diagnosed with chronic obstructive pulmonary disease (COPD) in 
the province of Leon.

Methods: Multicenter epidemiological, cross-sectional study (30 health centers in the province of Leon). It included patients older than 35 years diag-
nosed and treated for COPD. Study variables: age, sex, habitat, anthropometric data, smoking, nutritional status, physical exercise, infl uenza vaccination, 
pneumococcal vaccination (PCV13 and VNP23) phenotype, severity, exacerbations and hospitalizations. Results are expressed with their CI 95.5%.

Results: 833 patients were included. 85.8% males; mean age: 64.69 (53.66-75.61) years and 20.65 (4.47-36.8) years of COPD evolution. The 
86.67% (80.30-93.30) had previous history of tabaquism (n = 722) with 35.26 (17.87-52.64) years of evolution and an average consumption 
of 28,36 (9.60-46.86) packs per year p < 0,001, 58% being heavy smokers. In active smokers (n = 288) the most effective intervention was 
cognitive behavioral therapy combined with varenicline, with an abstinence of 29.86%. A total of 51.05% (49.49-52.70) of the patients with 
COPD quit smoking, p < 0,001. 73.67% (71.78 to 75.65) performed prescribed exercise, 88.76% (84.82 to 90.7) performed a balanced diet, 
89.7% (87.8 to 91.8) were vaccinated against fl u, this being more common in patients older than 65 years and hospitalized patients, p < 0.001. 
9.61% (7.7 to 11.6) of unvaccinated had exacerbations that required hospitalization, p < 0.001. The VNP23 vaccination rate was 52.8% (49.3 
to 56.4) vs. 4.97% (3.0 to 6.61) of PCV13, p < 0.05.

Conclusions: Preventive activities in patients with COPD are performed optimally in our environment, higher than the national average, tough 
higher coverage rates of vaccination against pneumococcus must be achieved.

Resumen
Objetivos: estimar las actividades preventivas que realizan los pacientes diagnosticados de enfermedad pulmonar obstructiva crónica (EPOC) en 
la provincia de León.

Métodos: estudio epidemiológico, transversal, multicéntrico (30 centros de salud de la provincia de León). Incluyó pacientes mayores de 35 años 
diagnosticados y tratados de EPOC. Variables a estudio: edad, sexo, hábitat, datos antropométricos, tabaquismo, estado nutricional, ejercicio físico, 
vacunación antigripal, vacunación, antineumocócica (VNP23 y VNC13), fenotipo, gravedad, reagudizaciones y hospitalizaciones. Los resultados 
se expresan con sus IC al 95,5%.

Resultados: se incluyeron 833 pacientes, el 85,8% varones, edad media: 64,69 años (53,66-75,61) y 20,65 años (4,47-36,8) de evolución de 
la EPOC. El 86,67% (80,30-93,30) tenían antecedentes de tabaquismo (n = 722), de 35,26 años de evolución (17,87-52,64), consumían 28,36 
paquetes al año (9,60-46,86), p < 0,001, siendo el 58% fumadores severos. En fumadores activos (n = 288) la intervención más efectiva fue 
terapia cognitivo-conductual más vareniclina, con abstinencias del 29,86%. En total dejaron de fumar el 51,05% (49,49-52,70) de los pacientes 
con EPOC, p < 0,001. El 73,67% (71,78-75,65) realizaba ejercicio prescrito, el 88,76% (84,82-90,7) realizaba dieta equilibrada, el 89,7% 
(87,8-91,8) estaba vacunado frente a la gripe, siendo esta más frecuente en los mayores de 65 años y hospitalizados, p < 0,001. El 9,61% 
(7,7-11,6) de los no vacunados tuvo reagudizaciones que requirieron ingreso hospitalario, p < 0,001. La tasa de vacunación con VNP23 fue del 
52,8% (49,3-56,4) vs. 4,97% (3,0-6,61) de VNC13, p < 0,05.

Conclusiones: las actividades preventivas en los pacientes con EPOC se realizan de forma óptima en nuestro entorno, superior a la media 
nacional, aunque se deben lograr mayores tasas de cobertura de vacunación frente al neumococo.



1188 A. B. de Abajo Larriba et al.

[Nutr Hosp 2016;33(5):1187-1193]

INTRODUCCIÓN

Las actividades preventivas son esenciales en los pacientes 
con EPOC; destaca el abandono del tabaco, nutrición adecuada, 
realización de actividad física regular, vacunación antigripal, vacu-
nación antineumocócica en todos los pacientes y educación sani-
taria de los pacientes para favorecer el autocuidado. En muchos 
pacientes la rehabilitación forma parte de su tratamiento integral.

El abandono del consumo del tabaco es la intervención sanita-
ria más eficaz para frenar el deterioro progresivo de la EPOC. El 
profesional sanitario tendrá siempre una actitud empática, com-
prensiva, a la vez que firme y determinante, para proporcionar 
intensa ayuda al fumador.

En los pacientes con EPOC es muy importante la valoración del 
estado nutricional, ya que está bien demostrado que la malnutri-
ción condiciona un peor pronóstico (1,2). Una buena planificación 
dietética y la práctica de ejercicio físico son esenciales.

La actividad física ha demostrado ser relevante en cuanto a la 
evolución y pronóstico de la enfermedad. Existen estudios que 
indican que cuanto mayor es la actividad física menor era la 
disminución de la función pulmonar, tanto en fumadores activos 
como en antiguos fumadores. Además, el ejercicio físico reduce el 
estrés oxidativo, tiene efecto antiinflamatorio, reduce la frecuencia 
de las infecciones de vías respiratorias (3) (mecanismos atenua-
dores de los efectos nocivos del tabaco) y facilita a los fumadores 
dejar de fumar. Aun siendo difícil modificar los hábitos y conseguir 
que los pacientes que hacían ejercicio comiencen a hacerlo, el 
consejo individualizado es eficaz para aumentar la actividad física 
en las personas inactivas (4).

La vacunación antigripal es considerada la medida de preven-
ción primaria más eficaz para prevenir la agudización de la EPOC 
(5). En algunos estudios la vacunación antigripal se ha asociado a 
la disminución en el número de ingresos hospitalarios por agudi-
zación de la enfermedad (6-8%). El 80% de la mortalidad en estos 
pacientes se atribuye directamente a complicaciones de la gripe. 
Sin embargo, en Estados Unidos siguen sin vacunarse entre el 40 
y el 50% de las personas de alto riesgo (9), y en el Reino Unido, 
el 52%. En España, la tasa de vacunación tampoco es la deseada 
(10). La vacunación antigripal reduce la mortalidad en un 41% 
en los individuos de alto riesgo. La Guía GesEPOC recomienda la 
vacunación antigripal a todos los pacientes con EPOC, para evitar 
las exacerbaciones durante la época epidémica.

La infección neumocócica y en especial la enfermedad neu-
mocócica invasiva (ENI) es una importante causa de morbilidad y 
mortalidad en el mundo. Los pacientes con EPOC tienen aumen-
tado el riesgo de ENI y su evolución. Un consenso reciente sobre 
la vacunación antineumocócica en el adulto con patología de 
base (11) recomienda en los pacientes inmunocompetentes con 
EPOC la administración de la VNC13 en no vacunados y en los 
vacunados previamente con VNP23 un año después. La nue-
va vacuna neumocócica conjugada de 13 serotipos aporta una 
mayor respuesta inmunológica, incluso en mayores de 70 años 
que han sido previamente vacunados con la vacuna neumocócica 
polisacárida (12). Esto es especialmente relevante para la EPOC, 
ya que confiere un riesgo elevado de enfermedad neumocócica 

invasiva (13) y la mayoría de pacientes son de edad avanzada, por 
lo que se debe recomendar la vacunación. También, en conse-
cuencia, el grupo de trabajo del área de tabaquismo de la SEPAR 
recomienda la vacunación antineumocócica utilizando una sola 
dosis de VNC13 en todos los fumadores, independientemente 
de su edad e intensidad y/o carga de consumo, que padecen 
enfermedades respiratorias como la EPOC (14).

METODOLOGÍA

El estudio ADEPOCLE, es un estudio epidemiológico, trans-
versal, multicéntrico, no controlado en el ámbito de la atención 
primaria, en el que han participado 30 centros de salud de la 
provincia de León.

SUJETOS A ESTUDIO

Se incluyeron pacientes ambulatorios mayores de 35 años 
diagnosticados y tratados de EPOC siguiendo la práctica clínica 
habitual. La recogida de datos ser realizó en un año, de noviembre 
de 2013 a noviembre de 2014. El análisis estadístico se realizó 
durante el primer semestre de 2015. En el estudio se incluyeron 
un total de 833 pacientes de ambos sexos, mayores de 35 años, 
que aceptaron participar en el estudio y firmaron el consenti-
miento informado. Se seleccionaron mediante un muestreo sis-
temático con arranque aleatorio a los pacientes con número par 
que acudieron a la consulta de modo consecutivo y que cumplían 
los criterios de inclusión: pacientes de ambos sexos, mayores de 
35 años, con EPOC que tengan realizada espirometría con un 
índice FEV1/FVC posbroncodilatador < 0,7%, diagnosticados y 
tratados de EPOC y que firmen el consentimiento informado. Se 
excluyeron del estudio a los pacientes diagnosticados de EPOC 
que no tenían realizada una espirometría posboroncodilatadora, 
a los no tratados y a los pacientes con EPOC correctamente diag-
nosticados y tratados que no quisieron participar en el estudio.

OBJETIVOS

El objetivo de este estudio fue estimar las actividades preven-
tivas que realizan los pacientes diagnosticados de EPOC en la 
provincia de León.

VARIABLES A ESTUDIO E INSTRUMENTOS DE 
MEDIDA

Las variables analizadas fueron: edad, sexo, hábitat (rural, 
urbano), datos antropométricos (peso, talla e índice de masa 
corporal), antecedentes personales de tabaquismo, abandono 
del tabaco, estado nutricional, ejercicio físico, vacunación anti-
gripal, vacunación antineumocócica (VNP23 y VNC13) y reha-
bilitación. Además, deben de tener caracterizado el fenotipo o 
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realizar la caracterización en el momento de la visita. Adicional-
mente se les evaluará la gravedad de forma multidimensional 
mediante el índice de BODEX en atención primaria y se regis-
trará el tratamiento adecuado a su fenotipo y nivel de gravedad. 
Se valorará la calidad de vida mediante el Cuestionario CAT. Se 
registró el número de reagudizaciones, hospitalizaciones y se 
registró si habían sido adiestrados en el uso de inhaladores, así 
como en que nivel de atención y que profesionales sanitarios 
habían realizado dicho adiestramiento.

ANÁLISIS ESTADÍSTICO

Para el conjunto del total de la muestra en estudio, tras depurar 
la base de datos de posibles errores, se realizarán las pruebas de 
estadística descriptiva. Las variables con distribución continua se 
resumirán mediante medidas de tendencia central y dispersión 
(media, mediana, desviación estándar y amplitud). Las distribu-
ciones de variables discretas se resumirán mediante tablas de 
frecuencias.

Las proporciones se estimarán por intervalo de confianza del 
95%, utilizando la aproximación normal, o el método exacto de 
Wilson cuando las prevalencias sean muy extremas y los efectivos 
disponibles escasos. Para la comparación entre grupos se reali-
zarán de la siguiente manera: las variables categóricas se anali-
zarán mediante tablas de contingencias y aplicación pruebas de 
Chi-cuadrado para diferencia entre proporciones. Para las varia-
bles cuantitativas se utilizarán pruebas paramétricas o pruebas no 
paramétricas según la naturaleza de las variables. Para la compa-
ración de medias tras la comprobación de normalidad con el Test 
de Kolgomorov-Smirnov, se utilizó la T de Student si la distribución 
es normal o el Test de Mann-Whitney cuando la distribución no es 
normal o el tamaño de la muestra es muy pequeño. La comparación 
múltiple de medias se realizó por medio de ANOVA o el Test de 
Kruskal-Wallis como prueba no paramétrica. El nivel de significación 
estadística mínimo se fijó en todos los casos como p < 0,05. Los 
resultados se expresan con sus IC al 95,5%.

RESULTADOS

En total se incluyeron en el estudio un total de 833 pacientes 
con EPOC que firmaron el consentimiento informado y cumplieron 
los criterios de inclusión. Las características de distribución de 

sexo, edad y hábitat se describen en la tabla I. Existe un predo-
minio de varones con edades comprendidas entre los 55-64 años 
y del medio rural, con una edad media de 64,69 años (53,66-
75,61) y 20,65 (4,47-36,08) años de evolución de la EPOC, 
p < 0,001.

Las actividades preventivas estudiadas y analizadas en los 
pacientes con EPOC incluyeron, intervención antitabáquica, activi-
dad física regular, alimentación equilibrada, vacunación antigripal 
y vacunación antineumocócica.

TABACO

El 86,67% (80,30-93,30) de los pacientes con EPOC tenían 
antecedentes de tabaquismo (n = 722), de 35,26 (17,87-52,64) 
años de evolución, con consumo medio 28,36 (9,60-46,86) 
paquetes año, p < 0,001, siendo el 58% fumadores severos. 
El 57,4% (53,90-60,60) son exfumadores. El 39,3% (26,40-
32,70) de los pacientes con EPOC fueron fumadores activos 
declarados vs. 35,11% (33,90-37,12) fumadores diagnostica-
dos por cooximetría p < 0,05. Los pacientes que seguían sien-
do fumadores activos (n = 288) presentaban baja motivación 
(49,80%), alta dependencia (49,5%), actitud negativa (52,60%), 
bajo estado de ánimo (32,05%), con 2,72 (1,74-3,67) intentos 
para dejar de fumar, p < 0,0001. La terapia conductivo-conduc-
tual (TCC) combinado con tratamiento farmacológico se realizó 
en el 55,8% (52,2-54,9), p < 0,05. La intervención más efectiva 
fue TCC combinada con vareniclina que logra una abstinencia 
del 29,86%. Con el conjunto de todas las intervenciones dejaron 
de fumar el 51,05% (49,49-52,70) de los pacientes con EPOC, 
p < 0,001.

EJERCICIO

El 73,67% (71,78-75,65) de los pacientes con EPOC realizaba 
ejercicio de forma regular según se les había pautado por su 
médico de familia y/o neumólogo, siendo los fenotipos no reagu-
dizadores los que más ejercicio realizan. Los que menos ejercicio 
realizan son los fenotipos agudizadores con bronquitis crónica 
grave, seguidos de los reagudizadores con enfisema, p < 0,05. 
La realización de ejercicio físico se asocia con un menor número 
de agudizaciones, con una menor gravedad de estas y con un 
menor número de hospitalizaciones, p < 0,001.

Tabla I. Vacunación antigripal

Vacuna de la gripe Frecuencia Porcentaje
Bootstrap para porcentajea

IC 95%

No 80 9,7 7,7-11,6

Sí 743 89,7 87,8-91,8

Total 828 100,0
ap < 0,05.
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DIETA EQUILIBRADA

El 88,76% (84,82-90,7) de los pacientes sigue una dieta equilibra-
da según las recomendaciones para pacientes con EPOC descritas 
en la introducción), siendo los pacientes que peor siguen las reco-
mendaciones dietética los fenotipos mixtos y los fenotipos reagudi-
zadores graves. En menos del 5% se utilizan suplementos dietéticos 
especialmente en pacientes inmovilizados y caquécticos con EPOC.

VACUNACIÓN ANTIGRIPAL

La vacunación antigripal para prevenir las reagudizaciones de la 
EPOC se realizó el 89,7% (87,8-91,8) de los pacientes, p < 0,05 
(Tabla I), siendo los pacientes más vacunados los de gravedad 
moderada y grave, sin diferencias significativas por fenotipos.

Existen diferencias significativas en cuanto al sexo, edad y el 
hábitat de los vacunados y son los pacientes más frecuentemente 
vacunados los varones de ámbito rural, p < 0,05. Por grupos de 
edad, los que más vacunas antigripales recibieron son los de 
edades comprendidas entre los 65-74 años, los que menos, los 
de edades entre 35-54 años, p < 0,001 (Tabla II), de reciente 
diagnóstico, con pocos años de evolución de la enfermedad y 
frecuentemente no reagudizadores.

La tasa de vacunación fue mayor en los pacientes ingresados. 
El 66,86% (65,30-68,4) no había ingresado o tan solo había 
tenido un ingreso por reagudización. No se recogieron en este 
estudio los pacientes con ingresos hospitalarios debidos a la gripe 
o a sus complicaciones.

La tasa de no vacunados fue más alta en los pacientes reagudiza-
dores, para cualquier número de reagudizaciones producidas en el 
último año. El 9,61% (7,7-11,6) de los no vacunados tuvo reagudi-
zaciones de su EPOC que requirieron ingreso hospitalario, p < 0,001. 
No existen diferencias significativas en cuanto a la vacunación antigri-
pal por tabaquismo, fenotipos, ni en cuanto a los niveles de gravedad 
de la EPOC, existiendo un mayor porcentaje con vacunación antigripal 
en los pacientes con EPOC moderados y graves.

VACUNACIÓN ANTINEUMOCÓCICA

La vacunación antineumocócica para prevenir la aparición de 
neumonías y enfermedad neumocócica invasiva es muy hete-
rogénea. La tasa de vacunación con la VNP23 fue del 52,8% 
(49,3-56,4), siendo muy infrecuente la vacunación con VNC13, 
del 4,97% (3,0-6,61) (Tabla III), p < 0,05. Es llamativo el alto 
porcentaje de pacientes no vacunados frente al neumococo y la 
baja tasa de vacunación con la VNC13.

Tabla II. Porcentajes de vacunación antigripal por edad, sexo y hábitat

Frecuencias 
% vacunados IC 95% p

Vacunados No vacunados

Sexo
 Varones
 Mujeres
Total

646
107
753

69
11
80

77,55
22,45

100,00

75,95-79,15
20,50-24,35

0,05
0,05

Edad
 35-54 años
 55-64 años
 65-74 años
 ≥ 75 años
Total

92
203
296
162
753

55
21
3
1

80

12,21
26,45
39,30
22,04

100,00

10,36-14,06
24,49-28,41
37,52-41,17
20,03-23,81

0,001
0,001
0,001
0,001

Hábitat
 Rural
 Urbano
Total

438
315
753

50
30
80

58,17
41,83

100,00

56,12-60,25
40,29-43,37

0,94
0,94

Tabla III. Tasa de vacunación antineumocócica en pacientes con EPOC
Vacuna antineumocócica Frecuencia Porcentaje IC 95% p

No vacunados 355 42,61 39,6-46,1 0,05

VNP23 437 52,46 49,5-56,0 0,05

VNC13 6 0,72 0,1-0,91 0,05

VNP23 + VNC13 35 4,21 2,9-5,7 0,05

Total 833 100,0

VNP23: vacuna antineumococica de polisacáridos capsulares 23 valente; VNC13: vacuna antineumocócica de polisacáridos conjugados 13 valente. IC 95%: intervalo 
de confianza al 95%. p: significación estadística.



1191ESTIMACIÓN DE ACTIVIDADES PREVENTIVAS EN PACIENTES CON ENFERMEDAD PULMONAR OBSTRUCTIVA CRÓNICA. 
ESTUDIO ADEPOCLE

[Nutr Hosp 2016;33(5):1187-1193]

Los vacunados mayoritariamente con VNP23 corresponden al 
fenotipo no reagudizador, seguidos del fenotipo reagudizador con 
bronquitis crónica (Tabla IV). Los más vacunados fueron los que 
no presentaban ninguna reagudización y los que presentaban 
una. En general, los reagudizadores se vacunaron más con la 
VNP23. En función del número de ingresos, los más vacunados 
son los que no han tenido ningún ingreso y los que habían tenido 
entre 1-3 ingresos hospitalarios. Los pacientes con mayor número 
de ingresos son los que menor tasa de vacunación antineumocó-
cia presentan con cualquiera de las dos vacunas. No se habían 
vacunado con la vacuna antineumococica VNP23 los pacientes 
con EPOC leve, casi la mitad de los pacientes con EPOC Moderado 
y un tercio de los graves. Se vacunaron mayoritariamente los 
pacientes con EPOC moderado y grave (Fig. 1). La vacuna VNC13 
no se administró prácticamente en ningún estadio de gravedad.

DISCUSIÓN

El nivel de actividad física en la EPOC se asocia consistente-
mente con la mortalidad y las exacerbaciones, pero hay poca evi-
dencia sobre los determinantes de la actividad física, incluyendo el 
impacto del tratamiento (15). En este estudio, el 73,67% (71,78-
75,65) de los pacientes con EPOC realizaba ejercicio de forma 
regular. Estos resultados obtenidos en el estudio  ADEPOCLE están 
por encima de la media de los reportados por otros estudios. La 
implementación de los estilos de vida saludables y la adherencia 
a los servicios clínicos preventivos recomendados para los pacien-
tes con EPOC está por debajo de los niveles deseables en España. 
Un programa de entrenamiento muscular de 20 sesiones contri-
buye a una mejoría en la calidad de vida, la tolerancia al ejercicio 
y el pronóstico de los pacientes con EPOC con exacerbaciones 
leves o moderadas (16). Los pacientes con estilos de vida más 
desfavorables son aquellos que también realizan menor número 
de las actividades preventivas recomendadas.

La nutrición y metabolismo han sido un tema de la investigación 
científica extensa en la EPOC, pero en cuanto a la concienciación 
sobre los hábitos alimentarios, su impacto clínico, el estado nutri-
cional y las intervenciones nutricionales que pueden tener sobre 
la incidencia y progresión de la EPOC el resultado es limitado. 

En general, la evidencia indica que una dieta bien equilibrada es 
beneficiosa para todos los pacientes con EPOC, no solo por sus 
potenciales beneficios pulmonares, sino también por sus benefi-
cios metabólicos y sobre el riesgo cardiovascular (17). En nues-
tro entorno, el 88,76% (84,82-90,7) de los pacientes con EPOC 
sigue una dieta equilibrada. A pesar de ello, la prevalencia de la 
malnutrición es alta en la EPOC, y es mayor cuanto más grave es 
la EPOC. En la provincia de León, en menos del 5% de los casos 
se utilizan suplementos dietéticos, especialmente en pacientes 
inmovilizados y caquécticos con EPOC.

La prevalencia de vacunación antigripal en diferentes series 
de pacientes con patología crónica oscila entre el 40 y el 60% 
(18). En este estudio se determinó que el 89,7% (87,8-91,8) está 
vacunado de la gripe en la provincia de León, un porcentaje muy 
superior a la media nacional. En un estudio transversal que incluyó 
2.575 pacientes con EPOC en la Encuesta Nacional de Salud de 
2006 y en la Encuesta Europea de Salud en España de 2009, 
se puso de manifiesto que el 63,4% de los pacientes se había 
vacunado de la gripe en 2006. Estos porcentajes aumentaron 

Tabla IV. Vacunación antineumocócica por fenotipos de la EPOC

Vacuna 
antineumococica

Fenotipo
TotalFenotipo no 

reagudizador
Fenotipo mixto 

EPOC-asma
Fenotipo reagudizador 

con enfisema
Fenotipo 

reagudizador con BC

No 233 62 29 31 355

VNP23 244 47 52 94 437

VNC13 1 0 0 0 1

VNP23 + VNC13 7 4 9 14 34

Total 485 113 90 139 827

VNP23: vacuna antineumococica de polisacáridos capsulares 23 valente; VNC13: vacuna antineumocócica de polisacáridos conjugados 13 valente. BC: bronquitis 
crónica. Es de destacar que el fenotipo en que más pacientes se vacunan es no reagudizador, contrariamente a lo deseado.

No VNP23

Vacuna antineumococica

VNP23: vacuna antineumococica de polisacáridos capsulares 23 valente; VNC13: 
vacuna antineumocócica de polisacáridos conjugados 13 valente.

300
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0
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Figura 1. 

Vacunación antineumocócica en función de la gravedad de la EPOC.
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en el año 2009, llegando al 72,65% (19). En un estudio realiza-
do en cohortes retrospectivas que incluyó a los 1.323 pacientes 
diagnosticados de EPOC del Área Básica de Salud del Pla d’Ur-
gell (Lleida), se clasificaron en 2 cohortes: cohorte 1, pacientes 
vacunados contra la gripe estacional (campaña 2011/2012), 
y cohorte 2, no vacunados. Se cuantificaron los pacientes que 
requirieron ingreso hospitalario por exacerbación de la enferme-
dad entre el 1 de diciembre de 2011 y el 15 de marzo de 2012, 
el 55,3% había sido vacunado. Los pacientes vacunados eran 
de mayor edad y presentaban mayor comorbilidad asociada. A la 
vez, estos ingresaron menos (3,0% versus 8,9%, p < 0,001). 
Las efectividades cruda y ajustada de la vacunación antigripal 
fueron del 68,4% (IC 95%: 47,5-81,0) y del 90,8 (IC 95%: 96,8-
88,2), respectivamente (20). Estos datos contrastan con los de 
otro estudio de cobertura de vacunación antigripal en pacientes 
con EPOC del 49,4% (46,3-52,5) (21). Algunos autores (22) han 
señalado que los pacientes con EPOC e IC suelen presentar mejo-
res tasas de vacunación, como es el caso de nuestro estudio. En 
nuestro trabajo se ha observado que los pacientes con mayor 
comorbilidad asociada suelen vacunarse más; apreciación tam-
bién descrita por otros autores. Además, hay que tener en cuenta 
que únicamente el 18% de los pacientes vacunados lo solicitan 
directamente a su médico de atención primaria (23). También se 
debe señalar que los pacientes fumadores se vacunan menos que 
los no fumadores, tal y como han señalado otros estudios (24), 
si bien nosotros no hemos encontrado diferencias significativas.

Los estudios de vigilancia hospitalaria señalan que más del 
20% de la enfermedad neumocócica invasiva en España acontece 
en pacientes con EPOC, siendo estos pacientes uno de los gru-
pos de riesgo donde la letalidad de la enfermedad neumocócica 
es mayor (25). Estudios epidemiológicos apuntan a una mayor 
frecuencia de neumonías en los pacientes con EPOC, a lo que 
contribuiría, además de la toxicidad local producida por el tabaco 
como causa más frecuente de EPOC, la edad avanzada a la que 
suele aparecer clínicamente la enfermedad y el excesivo uso de 
corticoides inhalados en gran número de estos pacientes.

Conscientes de la importancia de las infecciones respiratorias 
en los pacientes con EPOC, una medida recomendada en las 
guías de práctica clínica es su prevención. La vacunación anti-
gripal se recomienda desde hace tiempo y en los últimos años se 
ha añadido a esta recomendación la prevención de la infección 
neumocócica. Durante muchos años se ha aconsejado la VNP23, 
y recientemente, la vacuna conjugada de 13 serotipos.

En el presente estudio la tasa de vacunación con la VNP23 fue 
del el 52,8% (49,3-56,4), datos similares a los obtenidos en otro 
estudio realizado en España con una cobertura del 50,1% (26). 
Otro estudio que incluyó un total de 10.711 pacientes en atención 
primaria reportó una cobertura muy inferior al nuestro, tan solo del 
32,5% (31,6-33,4) (27). En otro estudio realizado en Cataluña, 
el 62,5% de los pacientes con EPOC había recibido la VNP23 y 
la vacuna antigripal (28). En un estudio publicado recientemen-
te, la cobertura global fue del 65,5% (67,5% de hombres frente 
a 60,4% de mujeres, p < 0,001). En pacientes de 40-59 años, la 
cobertura fue de 19,5%, llegando a 75,8% en los de ≥ 60 años. 
Los factores asociados con las mayores tasas de vacunación en 

ambos sexos eran la edad y el cumplimiento óptimo de la vacu-
nación de la gripe (29). Los datos de coberturas vacunales con 
VNP23 españoles contrastan con los de otros países como Reino 
Unido, en el que las tasas de cobertura en mayores de 65 años 
son del 75% (30).

En España, datos del periodo 2010-2012 indican que la cober-
tura en la población general para los serotipos de VNC13 es del 
63% en adultos inmunocompetentes y del 45% en adultos inmu-
nocomprometidos. En el año 2011, la diferencia de cobertura de 
serotipos de la VNC13 y la VNP23 era tan solo del 15,5% (31). En 
nuestro estudio la tasa de vacunación con la VNC13 fue tan solo 
del 0,73% (0,1-0,91) cuando se administraba sola, llegando al 
4,25% (2,9-5,7) cuando se administraba en pacientes que habían 
recibido la VNP23. Estos pobres porcentajes obtenidos en León 
son atribuidos a que en Castilla y León, la VNC13 solo está indica-
da en pacientes con EPOC que hayan tenido ENI y además estén 
inmunodeprimidos. Las personas con enfermedades respiratorias 
crónicas con riesgo de ENI, y las fumadoras y exfumadoras con 
alta carga de consumo de tabaco deben ser vacunadas contra 
el neumococo y, si es posible, con la nueva vacuna VNC13 (32).

CONCLUSIONES

Los pacientes con EPOC suelen ser físicamente inactivos y 
con pronóstico negativo. Por lo tanto, la promoción de la activi-
dad física regular es de importancia clave en la reducción de la 
morbilidad y mortalidad y para mejorar la calidad de vida de esta 
población. Por sus efectos beneficiosos para estos pacientes y 
para evitar la desnutrición en las fases avanzadas de la EPOC, 
estos pacientes deben seguir una dieta equilibrada. Es necesario 
seguir estrategias adecuadas para conseguir coberturas vacu-
nales frente a la gripe y el neumococo más elevadas en nuestra 
provincia y a escala nacional para mejorar la calidad de vida 
de estos pacientes, disminuir el número de reagudizaciones, de 
hospitalizaciones y mejorar su pronóstico vital.
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Resumen
Introducción: el Modelo Tranteórico multiconductual aborda distintas conductas y es una estrategia prometedora para el abordaje de patologías 
multifactoriales, sobre todo en las enfermedades crónicas. Los resultados iniciales de su empleo han sido favorables, pero no han sido probados 
con rigor.

Objetivos: el objetivo de este estudio fue realizar una revisión sistemática de la efi cacia del Modelo Transteórico en el cambio de hábitos dietéticos 
y en el grado de actividad física con intervenciones en varias áreas de la conducta.

Métodos: se realizó una búsqueda en PubMed y SCieLO utilizando como criterios de búsqueda estudios de intervención realizados antes de 
2016 y que incluyeran más de un hábito, incluyendo hábitos alimentarios y/o actividad física.

Resultados y conclusión: se identifi caron 18 estudios, con un predominio de ensayos clínicos aleatorizados, estudios realizaos en Estados 
Unidos de Norteamérica, y uso de Internet y/o teléfono. Los estudios seleccionados tenían como meta el cambio en los hábitos dietéticos. En 5 
de los estudios no se incluía la actividad física. El principal resultado de la intervención fue la disminución en el consumo de grasa y el aumento 
en la ingestión de frutas y verduras, así como un aumento en la actividad física. Estos cambios supusieron progresos en la pérdida de peso. Sin 
embargo, los trabajos eran metodológicamente débiles, incluyendo una alta tasa de abandonos, y falta de información sobre la aleatorización y 
cómo se realizó el estudio ciego.

Abstract
Introduction: The multi-behavioral Transtheoretical Model (TTM) addresses multiple behaviors and it is a promising strategy to control multifac-
torial morbidities, such as chronic diseases. The results obtained using the TTM are positive, but are not consistently methodical.

Objectives: The aim of this study was to systematically review the effectiveness of the Transtheoretical Model in multi-behavioral interventions 
for changing eating habits and levels of physical activity.

Methods: A search on PubMed and SciELO databases was performed with inclusion criteria set for intervention studies before 2016 using the 
Transtheoretical Model for more than one behavior, including eating habits and/or engaging in physical activity.

Results and conclusion: Eighteen studies were identifi ed; there was a predominance of randomized clinical trials, studies conducted in the 
United States, and the use of the Internet and/or telephone. The selected studies were aimed at changing eating behaviors; fi ve of the studies 
did not address physical activity. The main results were reduction of fat consumption, an increase in the consumption of fruit and vegetables, and 
increases in physical activity, which are progressions in the stages of change and weight loss identifi ed by the Transtheoretical Model. However, 
the studies showed methodological weaknesses, including high participant loss and the omission of information about randomization and blinding.
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INTRODUCTION

The Transtheoretical Model (TTM) is used in developing and mon-
itoring the effectiveness of health interventions in research and 
health service contexts. This study focused on the multi-behavioral 
TTM because it addresses multiple behaviors, which makes it a 
promising strategy to control multifactorial morbidities, such as 
chronic diseases (1).
The main pillars of TTM encompass the stages of change (SC), 
decisional balance, self-efficacy, and processes of change. The 
SC represents the motivation and promptness of change (2), and 
progression is mediated by the other components. Decisional 
balance involves the individual’s perception of the advantages 
and disadvantages of modifying the targeted behaviors and self- 
efficacy, which is defined as the confidence in the ability to adopt 
new behaviors. The processes of change comprise cognitive, 
experimental, and behavioral strategies that encourage the pro-
gression across stages (3).
The results obtained using the TTM are positive, but are not con-
sistently methodical. The present work systematically reviewed 
the effectiveness of the TTM in multi-behavioral interventions for 
changing eating habits and levels of physical activity.

METHODS

This review was conducted based on the recommendations of 
the PRISMA (Preferred Reporting Items for Systematic reviews 
and Meta-Analyses) guide. The following steps were undertaken 
in this study: The hypothesis and aims of the study were defined, 
the criteria for inclusion and exclusion of articles was established, 
bibliographical research was conducted, the material was care-
fully read, the information to be obtained from the articles was 
defined, and the methods of analyzing and presenting the results 
were established.
The bibliographical research was performed with the purpose 
of answering the following question: Has the multi –behavioral 
change-eating habits and physical activity– using the TTM been 
effective? The databases of the United States National Library of 
Medicine (PubMed) and The Scientific Electronic Library Online 
(SciELO) were used. The keywords used (in Portuguese and in 
English) included (1) use of the Transtheoretical Model (“stages of 
change”, “stage of change”, “transtheoretical model”, “transtheor-
etical model of change”); (2) addressing more than one behav-
ior: Multi-behavioral Transtheoretical Model (“multiple behavior 
interventions”, “multiple behavior changes”); and (3) inclusion of 
the eating behaviors and/or physical activity in the intervention 
(“dietary therapy”, “eating habits”, “physical activity”, “diet and 
exercise”).
All articles published before 2016 were identified, followed by an 
analysis of their titles, and an analysis of abstracts and full texts. 
When the title and the abstract met the established criteria, the 
selected articles were read in full (Table I) (4). Moreover, the arti-
cles referenced in this work and additional available publications 
were recovered using the same inclusion criteria.

To verify agreement on the selection of articles to be analyzed in 
this review, two authors applied the proposed inclusion criteria 
in an independent and blinded manner. The kappa test was used 
to measure the concordance between the evaluators. In case 
of discordance, there was a discussion and a consensus was 
proposed and, when necessary, the other authors of this work 
were consulted. The articles associated with an unique study were 
analyzed separately, but referenced in the text according to the 
first publication.

RESULTS

STUDY SELECTION

The database SciELO did not have any articles containing the 
multi-behavioral TTM; therefore, only articles found in the PubMed 
database were analyzed.
The independent evaluators reached an initial consensus over the 
selection of 78.8% of the articles (kappa test: 0.697). The discord-
ance generated resulted mainly from the incomplete description 
of the methodology in the abstracts.
Figure 1 presents the flowchart used to select the articles. Eighteen 
studies met the eligibility criteria and were included in this review. 
The 18 studies evaluated generated 23 publications: Johnson et al. 

(5); Cook et al. (6), Prochaska et al. (7-9), Logue et al. (10), Jones 
et al. (11), Svetkey et al. (12) and Elmer et al. (13) (Premier Study), 
Block et al. (14) and Sternfeld et al. (15) (Alive! Study), Clark et al. 
(1), Greaney et al. (16) and Greene et al. (17) (SENIOR study), Riebe 
et al. (18,19), Steptoe et al. (20,21), Van Wier et al. (22,23) (ALIFE@
Work study), Niederhauser et al. (24) (Building Strong and Ready 
Families Program), Mauriello et al. (25), Velicer et al. (26), Armitage 
et al. (27), Menezes et al. (28) (Table II).

METHODOLOGICAL CHARACTERISTICS  
OF THE STUDIES

From the 18 analyzed studies, 14 were conducted in the United 
States of America, two in the United Kingdom (20,27), one in Brazil 
(28) and one in Canada (11).
The sample size in the studies varied from 71 to 5,407 (avera-
ge = 1,349) participants, and included male and female par-
ticipants. The average age ranged from 25, 8 to 75 years, with 
the exception of two studies which samples were composed by 
preadolescents (26) and adolescents (25) (Table II).
The main inclusion criterion for the studies was the presence of an 
aggravating factor, such as overweight (9,10,18,20,22,27), high 
blood pressure (12), increased risk of cardiovascular diseases 
(20), and diabetes mellitus (11).
The predominant design was the randomized clinical trial 
(5-12,14,20,22,26,28), but studies of interventions without a con-
trol group (CG) (18,26), an experimental (1) and quasi-experimental 
(24) group were also identified. Only 8 studies clearly described the 
randomization method used (10,12,14,20,22,26-28).
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From the 16 studies that had a CG, 31 % (n = 5) did not conduct 
an intervention. The treatment of the CG was generally defined 
as “usual care” (1,6,7,10-12,20,22, 8), and only five studies 
(7,10,12,27,28) described the intensity and type of care.
In the majority of the studies, the comparability of the control and 
intervention groups (IG) was tested on the baseline values (1,6-
12,14,20,24,25,27,28) for demographical and socio- economic 
variables, among others, with the exception of two studies (5,22). 
In the study of Van Wier et al. (22,23), the groups were not statis-
tically compared before the intervention, although all the analy-
ses were adjusted by baseline values, which created an adjusted 
follow-up score.
Most of the trials had a follow-up period of six months or longer 
(4), varying between one (27) and 36 months (26). Some studies 
presented participant losses considered acceptable over the short- 
(≤ 6 months) (6,12,27) and long-term (> 6 months) (5,8,11,12,26); 
one study did not give the loss information. We found losses ran-
ging between 11,1% (27) and 63% (24) in the short-term studies 
and between 17,3% (26) and 46% (5) in the long-term studies. In 
general, these losses were lower in the CG.
All studies evaluated the CG and IG (intervention group) at 
comparable time points, and additional analyses were performed 

only with the IG; in some studies, this was done for supporting 
the intervention (8,11).
Seven investigations (39%) did not mention whether the research-
ers or the participants were blind to status (1,5,7,11,20,22,24), 
and the reason given was the nature of the interventions (18,20) 

or the presence of research assistants, who were not blind to the 
group assignment, during assessments (25,26). The remaining 
studies explained how blind analyses were performed or the data 
collection was carried out using self-report questionnaires without 
the involvement of the researcher (6,8,10,12,14,27,28).
Regarding the statistical analysis of the data, the majority of the stud-
ies controlled by potential confounding factors in  intention-to-treat 
analyses (1,5,10-12,14,20,22,25,26). In addition, Prochaska et al. 
(7,8) used the Generalized Linear Model, a method that allows the 
evaluation of a changing pattern across time, in addition to per-
forming modeling and evaluation of missing data.
For the evaluation of the main outcomes, the studies used Food 
Frequency Questionnaires (11,14,17,22), 24 hours Food Records 
(R24) (10,13,17,18,28) and general questionnaires concerning 
eating habits and behaviors (6-8,14,25,26,28) to evaluate food 
consumption. R24 were administered face-to-face, via tele-
phone or computer, two (13) or three (10,17,18,28) times at 

Table I. Information extracted from the studies

Methodological characteristics

Design
–  Realization and description of randomization
–  Presence of a control group
–  Presence of intervention in the control group

Population
–  Statistical comparison of control and intervention groups
–  Percentage of acceptable abandonment: Acceptable value < 20% in short-term follow-up (≤ 6 months) or < 30% 

long-term (> 6 months)

Measurement quality
–  Realization of blinding in the studies
–  Comparable time measurements between intervention and control groups
–  Follow up time acceptable (> 6 months)

Statistical analysis
–  Analysis controlled for confounders
–  Analysis by intention-to-treat

Outcome variables

Primary outcome
–  Consumption and feeding behavior
–  Physical activity

Other outcomes
–  Anthropometric measures: weight, body mass index, waist circumference; and body composition
–  Pillars of the Transtheoretical Model (TTM)

Other variables extracted

Participants
–  Number
–  Profile: age, sex, nutritional status and health conditions

Location and year
–  Country of conducting the study
–  Year of publication

Intervention
–  Using TTM
–  Professionals involved
–  Method of application: Internet, face to face (individual and group) and telephone
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each  evaluation time-point. However, only one study included 
the consumption of micronutrients (13), while the others lim-
ited the analysis to the consumption of calories, lipids, and food 
groups, including fruit and vegetables (FV).
Concerning the practice of physical activity (PA), the studies 
applied distinct questionnaires in which the participants reported 
the duration and/or frequency of the activity (14,16,19,20,22,24-
26). A seven-day PA (physical activity) Recall to estimate the daily 
energy expenditure (10,13), an ergometric test to evaluate the 
cardiac frequency or maximum oxygen consumption (13,19), a 
measure of the functional mobility in the elderly (16), monitoring 
of PA with a pedometer (23) were among the measures used.
Regarding other outcomes investigated, thirteen studies obtained 
anthropometric data (10,12,18,20,22,27,28) or used self- 
reported anthropometric information (5,6,9,11,22,24,25). Weight 
was the most frequently used measurement, and some stud-
ies also included Body Mass Index (BMI) (18,19,24,25,27,28), 
waist circumference (WC) (10,22,28), and body fat percentage 
(BF %) (19).
Some studies failed to report which questionnaire was used for 
evaluating the TTM pillar stages of change (6,14) and only a few 
described the validation of this tool (5,25,26,28). The remaining 
TTM pillars (processes of change, decisional balance and self-ef-
ficacy) were used to monitor the results in only a few interventions 
(1,6,14,19,22).

INTERVENTIONS AND THE 
TRANSTHEORETICAL MODEL

The application methods for the intervention included online 
platforms, e-mails, phone calls (1,5-11, 14,22,25,26) and group 
(12,18,28) and individual (9,20) face-to-face meetings.
The professionals engaged in the development and execution 
of the interventions included nutritionists (10,12,18,22,28), 
health educators (12,20), health coaches (9), psychologists 
(10,18,20,28), nurses (20,24), chaplains (24), and physical edu-
cation teachers (22), or advisors (10,11); seven studies did not 
report who developed or performed the intervention (1,5,7,8, 
25-27). The training of these professionals was mentioned in six 
of the studies (9,10,12,20,22,28).
The TTM was used as an aid to classify the SC of the participants 
and assess the intervention (22), as an intervention tool (10,12), 
or both (1,5-9,11,14,18,20,24-26,28). As an example, in the 
ALIFE@Work study (22) (performed with overweight workers) 
the advice related to PA was based on the stages of change, 
while the advice related to healthy eating habits was based on 
self-reports of food consumption.
Some interventions were exclusively based on the TTM 
(1,5,7,8,10,11,18,20,25-28), while others (6,12,14,22) used it 
in combination with other elements derived from behavioral and 
cognitive psychology or other theories (9,24).

Figure 1. 

Flowchart of the study selection process.

Reading the title: 60 articles identified*

Reading the summary: 39 articles

Full reading of the manuscript: 21 articles

17 selected articles pertaining to  
14 studies = 14 studies were analyzed

4 studies added by reading the references

Analyzed 18 studies

Exclusion (n = 21)

Exclusion (n = 18)

Exclusion (n = 4)

It was not multicomportamental (n = 6)

The transtheoretical model was not used (n = 12)

Intervention did not include healthy eating or physical activity (n = 3)

No intervention was performed (n = 15)

Japanese language (n = 1)

The transtheoretical model was not used (n = 2)

The transtheoretical model was not used (n = 2)

No intervention was performed (n = 2)

*Search strategy: (“stages of change’’ OR “stage of change’’ OR “transtheoretical model’’ 
OR “transtheoretical model of change’’) AND (“diet and exercise’’ OR “dietary therapy’’ 
OR “dietary change’’ OR “physical activity’’ OR “eating habits’’) AND (“multiple behavior 
interventions’’ OR “multiple behavior changes”).
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INTERVENTION EVOLUTION: EATING HABITS 
AND PHYSICAL ACTIVITY

Almost all the studies addressed healthy eating habits (HEH), 
and thirteen studies included advice on the increasing PA 
(1,5,6,9,10,12,14,18,20,22,24-26). Interventions focusing on 
eating habits were particularly aimed at reducing the ingestion 
of fat and increasing the consumption of FV, which was explicitly 
addressed in 72% and 38% of the studies, respectively. Others 
monitored behaviors, including controlling the size of food portions 
(10), and reducing calories (5,22,28), sodium (13), alcohol (13, 
22) and sugar (14, 22) (Table II).
Among the changes in eating habits, significant reductions were 
observed in the consumption of total fat (11,13,20,22), saturated 
fat (13,14,19) trans fat (14), calories (10,13,19,28), sodium (13) 
and cholesterol (12); there was an increase in the ingestion of FV 
(7,8,11,13,14,17,25,26), vitamins, minerals and fibers (13) (Table II).
Positive changes in behavior, such as increased intention, motiv-
ation and attitudes to achieve HEH (6), and increased substitution 
of food with high-fat content for low-fat content, were reported. 
Reduction in the frequency and quantity of high-fat products 
and changes in the way the food is prepared (7,8,28) were also 
observed (Table II).
Some studies documented negative changes in eating habits, 
such as reduced consumption of FV after 24 months (13) or no 
alterations after the intervention in the ingestion of sugar (14) and 
FV (23) (Table II).
The evolution of physical activity was evaluated primarily by the 
increase in frequency or duration (9,10,14,19,20,22,25,26), 
whereas the type and intensity of the activities were less explored.
The work of Johnson et al. (5) and Cook et al. (6), although includ-
ing interventions for PA and HEH, did not include the analyses of 
the evolution in PA frequency and duration (5,6) or in consumption 
or eating habits (5) (Table II).
As a consequence of alterations in the eating habits and in 
the practice of physical activity, eight short- and long-term 
studies showed weight reduction among members of the IG 
(5,13,19,22,27,28) and CG (6,9, 27), as well as reductions in 
their WC (10,22), BF % and BMI (19,28) (Table II).
All the studies that evaluated the evolution of the SC reported 
positive results, and the patients progressed to the stages of 
action and maintenance (5-8,11,14,16,19,21,24-26) (Table II). 
Block et al. (14) was the only study that did not find an evolution 
in the ingestion of fat, despite the positive results for other eating 
habits.

DISCUSSION

The multi-behavioral TTM is a promising strategy for the promo-
tion of healthy lifestyles, and positive results for multiple behaviors 
in various scenarios have been reported (1,7,29,30). However, 
methodological differences among the studies persist, which 
hinders the demonstration of their effectiveness and their use in 
theoretical and practical applications.

The positive points of the analyzed studies include the use of ran-
domized clinical trials, which is an appropriate methodology to 
assess the effects of an intervention; large sample sizes; long-term 
follow-up; and suitability of the statistical analyses. Consequently, 
the majority of the studies found a significant evolution in the stages 
of action and maintenance in the participants, in addition to chan-
ges in the behaviors associated with HEH and PA, with significant 
differences among the intervention and control groups.
Nevertheless, the studies also had methodological weaknesses, 
such as participant loss and omission of information concerning 
randomization and blinding. Most of the studies reported the inter-
vention delivered to the CG participants, although the intensity of 
the intervention was not reported. Logue et al. (10) verified that, 
at baseline, 83% of the CG participants reported being advised by 
a physician to lose weight and 48% had previous experience with 
commercial programs for weight loss. In some studies, individuals 
of the CG evolved positively in their eating habits, levels of physical 
activity, and body weight, possibly due to CG group characteristics 
similar to those found in Logue et al. (6,10).
The positive changes observed for the CG could also result from 
recruiting highly motivated volunteers or the financial support given 
to the participants (6,10). The selection processes used may have 
attracted individuals more likely to undergo lifestyle changes, who, 
therefore, were not representative of the general population (12).
Similar methodological weaknesses were also identified in a review 
that aimed to evaluate the effectiveness of TTM-based interventions 
on sustainable weight reduction. Besides pointing out the insuffi-
cient information related to randomization and blinding, the authors 
indicate others limitations such as wide use of self-reported meas-
ures and lack of post-intervention assessments that could allow 
verifying long-term weight loss sustainability (31).
It should be highlighted that the use of multi-behavioral TTM is 
justified considering the complexity of the behaviors associated 
with people’s lifestyles. It is estimated that 15% of the population 
account for 60% of health care costs due to multiple health-
risk behaviors (1). Considering the relevance of maximized cost- 
effectiveness interventions, multi-behavioral TTM is promising for 
promoting coaction or paired actions, in which the change on one 
behavior can have a potential to change another behavior (29,30).
The interventions evaluated in this review were included because 
they were multi-behavioral. However, sometimes the studies did 
not conduct simultaneous interventions for multiple health risks 
because some individuals were already at the action and/or main-
tenance stages for a certain behavior or individuals’ choice of a 
particular type of intervention. Nonetheless, although at advanced 
stages of change, these individuals could have relapses, which 
support the multi-behavioral approach.
The interventions used had a heterogeneous set of methods, with 
different combinations of intensities, follow-up periods, technolo-
gies, theoretical models, uses of the TTM, target behaviors, target 
populations, and variables analyzed. Such heterogeneity makes it 
difficult to compare or reproduce the studies, in addition to limit 
the applicability of the discoveries to clinical practice (31).
The use of technological tools was a predominant method of inter-
vention application. This is likely a consequence the complex logis-
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tics of face-to-face interventions, which require a large number of 
professional staff, substantial amounts of time, elevated cost, and 
other difficulties associated with reaching a large number of par-
ticipants (6-8,22). On the other hand, the use of technologies may 
present some difficulties, like assessing the intensity of the inter-
vention, actual participation of the individuals (14), creation of bonds 
between the educators and the participants, and the sensitization 
and motivation achieved though virtual communication.
In addition, when evaluated by e-mail, the engagement of the par-
ticipants was low. In one study, only 30% answered to the evalu-
ation questionnaires sent six and twelve months after the study 
began (7). The participation in such technological interventions 
also imposes certain requirements, such as knowing how to 
read and write and having access to a computer, Internet (1,5-
11,14,22), or telephone (1,10,11,22). It also requires that the 
participants have the basic informatics skills to use interactive 
platforms, dynamic simulations, and access links (6,14,25,26).
Concerning the use of the TTM, although it comprises four pillars, 
most of the studies explored solely the stages of change, despite the 
fact that the authors of the studies highlighted the importance of the 
other TTM mediators. The importance of evaluating all the pillars is 
evidenced in the work of Greaney et al. and Greene et al. (The  SENIOR 
study) (16,17), in which the participants that received advice on diet 
and were at the maintenance stage had higher self-efficacy and use 
of the processes of change (17), whereas those who received inter-
vention for the promotion of physical activity (PA) had a higher score 
in starting or maintaining activity (16).
Given the heterogeneous methodology observed, we suggest that CG 
members do not receive treatment or are exposed to interventions 
comparable in intensity to those received by IG members in future 
studies; therefore, the only distinction between the groups is the inter-
vention content. Future studies of interventions should be detailed 
regarding the nature and magnitude of TTM dimensions that are used 
and carried out with methods applicable to the population in general.
Potential limitations of this review include those linked to bib-
liographical research, such as the possible omission of studies 
related to the theme (32). On the other hand, to minimize this 
bias, several strategies were employed; these included using a 
large number of keywords, determining the search strategies 
in advance, defining inclusion and exclusion criteria, having 
two independent researchers select the articles, reviewing any 
additional references in the selected articles, and contacting the 
authors of the articles when necessary.
The obtained results reveal a growing interest in the international 
use of interventions based on the TTM for multiple health-relat-
ed behaviors, especially using technological tools (computer and 
telephone), which has not yet been seen in Brazil. They provide 
evidence of the need for national studies and publications.
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Abstract
Background: Women’s nutritional status, the suitable profi t of weight and the ingestion of certain nutrients may have an important infl uence 
in health both for the mother and newborn in a short and long term. World Health Organization gives a number of nutritional recommendations 
which are transmitted during the pregnant women antenatal care by their midwives.

Objectives: To analyze the main studies on the understanding of the pregnant women about the nutritional received councils and to identify the 
strategies used by the midwives for theirs implementation.

Methodology: Literature review for low risk pregnant’s conducted by midwives and receiving nutritional councils in Web of Science (WOS), 
CINAHL and PubMed. Using descriptors such as: pregnancy, pregnant, midwife, counselling, nutrition and their different combinations. The criteria 
incorporation was original article and review written in English, Spanish or Portuguese of last ten years and available in complete.

Results: 184 references were found. Finally, only 11 focused on the issue addressed. There are multiple items with nutritional advice in pregnancy 
but a few that include educational strategies implemented by midwives to address dietary and nutritional recommendations and usefulness.

Conclusion: Only a few studies researchs the midwives’ knowledge about nutrition in pregnancy and the councils that they transmit to pregnants. 
In the same way, not many papers treats the pregnant perception about nutritional councils.

Resumen
Introducción: el estado nutricional previo de la embarazada, la adecuada ganancia de peso y la ingesta de ciertos nutrientes pueden tener una 
infl uencia importante tanto para la madre como para el recién nacido, a corto y largo plazo. Las recomendaciones de la Organización Mundial 
de la Salud son transmitidas durante el control del embarazo por la matrona.

Objetivos: analizar los principales estudios sobre la percepción de las embarazadas acerca de los consejos nutricionales recibidos e identifi car 
las estrategias utilizadas por las matronas para su implementación.

Metodología: búsqueda bibliográfi ca sobre embarazadas de bajo riesgo controladas por matronas y que reciben consejos nutricionales realizada 
en WOS, CINHAL y PubMed. Se utilizaron los descriptores: pregnancy, pregnant, midwife, counselling, nutrition y sus diferentes combinaciones. Los 
criterios de inclusión fueron artículos originales y revisiones en inglés, español o portugués de los últimos diez años y disponibles en texto completo.

Resultados: se encontraron 184 referencias. Solo 11 tratan el tema abordado. Existen múltiples artículos con consejos nutricionales en el 
embarazo, pero muy pocos que incluyan estrategias educativas implementadas por las matronas que aborden recomendaciones dietético- 
nutricionales y su utilidad.

Conclusión: existen escasos estudios que investiguen los conocimientos que las matronas tienen sobre nutrición en el embarazo y los con-
sejos que aportan sobre el tema. Igualmente sucede con los trabajos que estudian la percepción que tienen las gestantes sobre los consejos 
nutricionales recibidos.
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INTRODUCCIÓN

El embarazo se considera una etapa de vital importancia en 
la que tienen lugar múltiples procesos hiperplásicos, hipertró-
ficos, de adaptación metabólica y de preparación para la vida 
extrauterina (1). El estado nutricional de la mujer previo y durante 
el embarazo, una adecuada ganancia de peso y la ingesta de 
determinados nutrientes en cantidad y calidad adecuada pueden 
tener una influencia importante en los resultados para la madre 
y para el recién nacido, tanto a corto como a largo plazo (2-4). 
Está demostrado que la capacidad de la gestante para cubrir 
las necesidades del desarrollo fetal no está relacionada con su 
alimentación actual o del pasado inmediato, sino que depende 
más de su salud general (5). Existe un conglomerado de factores 
como el estrés (ya sea físico o psíquico), las infecciones, o hábitos 
tóxicos como el consumo de tabaco o de alcohol, que pueden 
alterar el apetito de la embarazada, así como la disponibilidad 
y el metabolismo de los nutrientes. Todo estos factores pueden 
aumentar el riesgo de complicaciones perinatales debido a un 
estado de malnutrición (1,6,7).
Existen estudios que demuestran que las recomendaciones die-
téticas que se entregan en la consulta de la matrona, junto con 
las modificaciones en el estilo de vida que la embarazada llegue 
a implementar en el periodo gestacional, son intervenciones efec-
tivas para mejorar el metabolismo materno y prevenir las compli-
caciones del embarazo, especialmente en mujeres embarazadas 
con déficit nutricional o con aumento de peso (8,9). Además, a 
toda gestante se debe le recomendar la práctica diaria de acti-
vidad física, siempre que no exista una contraindicación clara 
para ello. A pesar de estas intervenciones, se ha constatado que 
mujeres de cada 10 mujeres que acuden a la consulta de control 
del embarazo de 2 a 3 tienen sobrepeso, y que de 1 a 2 de cada 
10 tienen obesidad (10), con el riesgo obstétrico que estos pro-
blemas clínicos conllevan (11).
Hasta la fecha, la investigación en relación con la nutrición en 
mujeres gestantes se ha centrado en el estudio de los nutrientes 
necesarios (tanto mayoritarios como minoritarios) y el aporte de 
suplementos nutricionales para suplir posibles déficits. En los paí-
ses desarrollados el problema no suele ser la escasez de alimen-
tos, sino más bien la calidad y el tipo de dietas lo que influye en 
la variedad de nutrientes que son consumidos (12). Sin embargo, 
existen pocos estudios sobre el tipo y contenido de los consejos 
nutricionales que reciben las embarazadas durante el control del 
embarazo. Consejos ante los que dichas mujeres verbalizan sentir 
confusión, miedo y culpabilidad (13).
Actualmente la matrona es el profesional sanitario de referencia 
para ofrecer recomendaciones nutricionales durante el control 
del embarazo, pues entre sus competencias se incluyen el ase-
soramiento y la educación para la salud, no solo para la mujer, 
sino también en el seno de sus familias y la comunidad (14,15). 
El gran reto al que se enfrentan las matronas no es tanto dar con-
sejos, sino saber cómo hacerlo para no herir sentimientos en la 
embarazada, conseguir cambios de comportamiento y no generar 
frustración, por ejemplo, ante lo que puede y no puede comer.  
Además, dichas profesionales expresan carecer del tiempo y de 

los conocimientos necesarios para asesorar a la embarazada, 
refieren que han recibido poca capacitación durante su formación 
en temas relacionados con la nutrición a la vez que aseguran 
tener escasos recursos educativos a la hora de abordar individual-
mente el caso de gestantes con alteraciones nutricionales (16,17).
Cabe considerar que el embarazo es un momento de la vida de 
las mujeres en el que suelen estar más receptivas ante los con-
sejos nutricionales, de manera que pueden cambiar los estilos 
de vida y mejorar su calidad de vida (18). Estudios que evalúan 
las intervenciones dirigidas para mejorar el estilo de vida de las 
embarazadas evidencian que llevar a cabo distintas actividades 
educativas y entregar recomendaciones al respecto tienen como 
resultado un mejor control del peso y una mejora de los resul-
tados perinatales. Las intervenciones estaban enmarcadas en 
programas de consejo nutricional llevados a cabo por matronas, 
en los que se recomienda hacer un seguimiento continuo del 
control de peso y un asesoramiento permanente frente al estilo 
de vida de la mujer gestante. De esta forma, mejorar los recur-
sos en la educación de las embarazadas ha mostrado tener un 
resultado positivo en su control nutricional (19,20). Sin embargo, 
existe escasa literatura especializada que investigue los conoci-
mientos que las matronas tienen sobre la nutrición en las ges-
tantes y las estrategias educativas que las matronas utilizan para 
tratar esta temática (16,21).
El propósito de este trabajo es analizar los principales estudios 
sobre las percepciones de las embarazadas acerca de los con-
sejos nutricionales e identificar las estrategias utilizadas por las 
matronas para su implementación.

MATERIAL Y MÉTODOS

Se ha realizado una búsqueda bibliográfica sistemática en las 
siguientes bases de datos: Web of Science (WOS), CINHAL y Pub-
Med. La estrategia de búsqueda se formuló a partir de los descrip-
tores de Ciencias de la Salud (DeCS): “pregnancy”, “pregnant”, 
“midwife”, “counselling”, “nutrition” y las diferentes ecuaciones 
de búsqueda como: [(counselling) AND (nutrition) AND (pregnan*) 
AND (midwi*] en WOS; [(nutrition) AND (pregnan*) AND (midwi*)] 
en CINHAL; [(counselling) AND (pregnan*and nutrition) AND (mid-
wi*)] en PubMed.
Para seleccionar los estudios se establecieron los siguientes cri-
terios de inclusión: artículos originales y revisiones bibliográficas 
escritos en inglés, español y portugués, en cualquier país, durante 
los últimos diez años, entre 2005 y 2015. Además, se obtuvieron 
6 artículos más por rastreo manual, que correspondían a estudios 
anteriores al año 2005. Se seleccionaron solo aquellos que estu-
viesen disponibles en texto completo, cuya población de estudio 
fuesen embarazadas de bajo riesgo (sin patología añadida) y que 
acuden a controles de embarazo con matronas de las que reci-
ben consejos sobre alimentación en el embarazo. Como criterios 
de exclusión: artículos originales y revisiones bibliográficas cuyo 
objeto de estudio no sea el tema de esta revisión, cuya población 
de estudio fuesen embarazadas con patología previa al embarazo 
y artículos no disponibles a texto completo en bases de datos 
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consultadas. De los artículos seleccionados se realizó un análisis 
descriptivo.

RESULTADOS

Se incluyeron inicialmente 184 referencias, una vez excluidos los 
duplicados. De los n = 184 artículos obtenidos, 20 pertenecían a 
WOS, 49 a CINHAL y 115 a PubMed. Tras la revisión de los títulos 
y resúmenes se descartaron 106 por no ser pertinentes respecto 
al tema, no estar disponibles en texto completo, estar en otro 
idioma diferente a los señalados en los criterios de inclusión y 
existir una solicitud de pago para conseguirlo.
De los n = 78 resultantes se procedió a la lectura de los textos 
completos, resultando no elegibles 55, porque en su contenido 
se evidenció que trataban sobre puntos de vista de profesionales 
que no eran matronas, estaban referidos principalmente a pato-
logías, eran artículos en prensa, etc. El total de estudios elegibles 
fue de 23 y de estos solo 5 trataban exclusivamente el tema de 
estudio. A estos se añadieron 6 por rastreo manual. En la figura 1 
se detallan las causas de exclusión de los artículos hasta llegar a 
los 11 que se revisan en este trabajo.

Son muchos los artículos publicados relacionados con consejos 
nutricionales sobre yodo, ácido fólico, vitaminas, alimentación 
saludable o control de peso durante el embarazo, pero muy pocos 
se centran en las estrategias que deben desarrollar las matronas 
y en la valoración de su utilidad. Estos últimos son comentados a 
continuación y han sido incluidos en las tablas I y II para facilitar 
su visualización. Sus aportaciones se han dividido en dos apar-
tados: el primero sobre las percepciones de las mujeres que han 
llevado un control de embarazo con una matrona y han recibido 
sus consejos, y el segundo sobre las perspectivas que las matro-
nas tienen sobre estos consejos nutricionales.

PERCEPCIÓN DE LAS EMBARAZADAS SOBRE  
LOS CONSEJOS NUTRICIONALES

Szwajcer y cols. (18) en su estudio exploran la influencia que 
tiene en un evento vital, como lo es el embarazo, la conciencia de 
su importancia y las motivaciones que tienen las mujeres sobre 
aspectos relacionados con la nutrición. Para tal fin realizan entre-
vistas a cinco grupos focales, cada uno conformado por 12 emba-
razadas; participaron mujeres en distintas fases: algunas que ya 

Figura 1. 

Diagrama de la búsqueda bibliográfica realizada con los descriptores pregnancy, pregnant, midwife, counselling, nutrition y sus diferentes combinaciones en las bases de 
datos: WOS, CINHAL, PubMed, en el periodo 2005-2015.

Búsqueda inicial:
Web of Science, CINHAL, MEDLINE

184 referencias (tras excluir duplicados) 
WOS: 20, CINHAL: 49, MEDLINE: 115

Revisión de texto completo,

n =  78

No elegibles 55, por el tipo de contenido:
(3) lactancia o nutrición infantil
(4) profesional no matrona

Patologías gestacionales: 
(6) diabetes gestacional
(1) esquizofrenia 
(1) VIH
(1) consumo de tabaco durante la gestación
(1) obesidad
(3) planificación familiar
(1) prematuridad
(1) trabajo de parto
(1) uso de la homeopatía

(10) guías de recomendaciones nutricionales y foros de opinión artículos prensa.

23 elegibles 
5 exclusivamente trataban del tema 
abordado + 6 por rastreo manual

Revisión de títulos y resúmenes: 106 no pertinentes con el tema.

78 elegibles

Inicio

Total: 11 estudios incluidos en la revisión 

Fin
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concibieron, otras dentro del primer, segundo y tercer trimestre y 
con diferentes características sociodemográficas. En sus resul-
tados muestran cómo las mujeres indican sus motivaciones para 
tener más conciencia sobre la importancia de la nutrición. Entre 
estas se encuentra el interés por el bienestar del niño, el inte-
rés personal de la madre y las expectativas que tiene el entorno 
social frente al cuidado nutricional antes, durante y posterior a 
la etapa gestacional. Este estudio considera que las indicaciones 
que reciben las mujeres durante la etapa prenatal y el embarazo, 
y las motivaciones que tienen para modificar o continuar con 
sus hábitos nutricionales pueden influir en las conductas futuras 
adoptadas frente a su alimentación.
El estudio cualitativo realizado por Wennberg y cols. (22), realizado 
con 23 mujeres embarazadas del norte de Suecia, tenía como 
objetivo describir sus experiencias en cuanto a la información 
recibida sobre sus dietas y cambios en la alimentación durante 
el embarazo. En los resultados surgieron tres temas principa-
les: información nutricional obtenida, reacción ante los consejos 
nutricionales y utilización de dichos consejos. Aunque las mujeres 
recibieron información oral y escrita por parte de sus matronas 
acerca de aspectos generales de la dieta durante el embarazo, 
la mayoría hacía búsqueda de información por su cuenta. Solo 
cuando tenían problemas de salud recibieron la orientación de su 
matrona. Muchas de estas mujeres sintieron confusión, miedo y/o 
culpabilidad cuando tenían que decidir acerca de algunos aspec-
tos sobre su dieta. Por ejemplo, se sentían inseguras cuando 
tenían que decidir si comer o no comer determinados alimentos 
según lo recomendado. En estas decisiones influían sus propias 
creencias sobre el régimen alimenticio que debían llevar o sus 
apetencias de consumo de determinados alimentos, ante lo cual 
muchas comentaron haber usado el sentido común y haber escu-
chado las señales de su propio cuerpo.

Asimismo, la identificación de las matronas como fuentes fia-
bles de información es confirmada por el trabajo de Garnweidner 
y cols. (23) que entrevistaron a 15 embarazadas de diferentes 
grupos étnicos en el área de Oslo (Noruega). Se encontró una 
diversidad de opiniones respecto a los consejos recibidos, coinci-
diendo en que la información recibida fue escasa en su contenido. 
Algunas embarazadas verbalizaron confusión ante qué comer y 
qué alimentos evitar, considerando que hubo escasas preguntas 
acerca de sus hábitos de alimentación. Los investigadores encon-
traron que algunas veces existían incongruencias entre los conse-
jos dados y las creencias culturales culinarias de las participantes. 
Se constató que las embarazadas consultaban tres fuentes de 
información (profesionales, Internet y entorno social), y que para 
temas relacionados con la nutrición, la matrona es considera-
da una fuente segura de información. Por lo tanto, la atención 
prenatal puede tener un potencial considerable para promover 
una dieta saludable. Los hallazgos sugieren que la comunicación 
sobre nutrición en la atención prenatal debería estar más adap-
tada a los hábitos alimenticios y los antecedentes culturales de 
las mujeres, por lo que las matronas deberían mejorar sus niveles 
de conocimiento sobre nutrición e individualizar los consejos que 
entregan a las embarazadas.

PERCEPCIÓN DE LAS MATRONAS  
DE LOS CONSEJOS NUTRICIONALES

El estudio mixto de Mulliner y cols. (24), realizado con una muestra 
de 77 matronas de Reino Unido, obtuvo una ratio de respuestas 
del 78% (58 matronas del total de la muestra participaron del 
estudio); tenía como objetivo explorar el conocimiento y las acti-
tudes de las matronas acerca de la nutrición durante la gestación; 

Tabla I. Percepción de las embarazadas sobre los consejos nutricionales*
Autor, año 

(cita)
Objetivo Población Métodos Conclusiones

 Szwajcer et al., 
2007 

Estudiar la influencia de 
un acontecimiento vital 

(como el embarazo) en el 
autocuidado nutricional

60 gestantes
Estudio cualitativo. Entrevistas en 

profundidad de una hora de duración 

La gestación es un momento 
propicio para que la mujer asuma 
el protagonismo sobre su estado 
nutricional, siendo importante la 
motivación que tenga frente a los 

consejos nutricionales

 Wennberg et al., 
2012 

Describir experiencias 
de las mujeres sobre 

información nutricional 
23 gestantes

Estudio cualitativo. Grupos focales y 
entrevistas. Las entrevistas se analizaron 

mediante el análisis cualitativo de 
Graneheim para estudios de enfermería (30)

Las embarazadas gestionan 
por sí mismas la información 

dietética, no siendo determinante 
el papel de la matrona 

Garnweidner  
et al., 2013

Explorar las experiencias en 
embarazadas, de diferentes 

etnias, con los consejos 
nutricionales de sus 

matronas

15 gestantes 

Estudio cualitativo. Entrevistas a 15 mujeres 
dos veces durante su embarazo  

(35-60 min) y analizadas siguiendo 
principios de interpretación fenomenológica 

de Fade (32)

Los consejos nutricionales 
recibidos por las gestantes no 
se adaptaban a sus hábitos 
alimenticios y eran bastante 

inespecíficos

*Descripción de los objetivos, población, métodos y conclusiones más relevantes de los artículos encontrados con los descriptores pregnancy, pregnant, midwife, 
counselling y nutrition.
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para la recolección de datos se emplearon técnicas cualitativas 
y cuantitativas; se llevaron a cabo encuestas telefónicas y entre-
vistas semiestructuradas. Este estudio muestra en sus hallazgos 
que las matronas se sentían poco preparadas para ofrecer ase-
soramiento dietético a mujeres de grupos étnicos minoritarios, 
a vegetarianas y a mujeres con patologías médicas preexisten-

tes. Concluye que las matronas requerían mayor educación en 
nutrición, tanto en su formación básica como en su formación 
postgraduada.
Lee y cols. (25) realizaron entrevistas a 13 matronas del noroeste 
de Inglaterra para explorar sus opiniones sobre sus necesida-
des de capacitación y formación acerca de la promoción de la 

Tabla II. Percepción de las matronas sobre los consejos nutricionales

 Autor, 
año (cita)

Objetivo Población Métodos Conclusiones

Mulliner  
et al., 1995 

Explorar conocimientos en 
nutrición en las matronas de 

Reino Unido
77 matronas

Estudio mixto. Entrevistas 
y encuestas

Percepción de las matronas de falta de 
conocimientos en temas relacionados con 

la nutrición para atender las necesidades de 
asesoramiento nutricional de las gestantes 

Elias y 
Green, 2007 

Determinar conocimientos 
nutricionales en matronas

370 matronas Encuestas por correo 
Percepción de seguridad y de confianza por 

parte de las matronas respecto al asesoramiento 
nutricional 

Szwajcer  
et al., 2009 

Explorar la práctica de dar 
información escrita sobre los 

consejos nutricionales junto con 
las recomendaciones orales

12 gestantes y 
4 matronas 

Estudio cualitativo. Se 
realizaron entrevistas 
semiestructuradas a 

matronas

Los consejos nutricionales escritos (pack de 
información), entregados a la embarazadas 
no eran eficaces como estrategia educativa, 
no se obtuvo un impacto positivo frente a las 

recomendaciones y pautas dietético-nutricional 
demandadas por las gestantes

Lee et al., 
2010 

Explorar opiniones de las 
matronas sobre necesidades de 
entrenamiento en promoción de 

la salud en el embarazo

13 matronas
Estudio cualitativo. 

Entrevistas

Las matronas indican que necesitan una mayor 
formación en temas relacionados con la nutrición,

la dieta y el control de peso para ofrecer un 
adecuado asesoramiento nutricional

Schmied  
et al., 2010 

Explorar las experiencias de 
los profesionales de la salud al 

enfrentarse a mujeres obesas en 
edad reproductiva

34 matronas y 
otros  

3 profesionales 
sanitarios

 (2 ginecólogos 
y 1 anestesista) 

Estudio cualitativo. 
Entrevistas y grupos 

focales

Las experiencias de las matronas y de otros 
profesionales (ginecólogos y anestesista) 

evidencian dificultades en la atención a mujeres 
obesas y frente al asesoramiento nutricional que 
requieren durante el embarazo, parto y periodo 

postnatal

Stotland  
et al., 2010

Estudiar los conocimientos, 
actitudes y prácticas de que se 

dispone para dar consejos sobre 
prevención de la ganancia de 

peso excesiva en la embarazada

52 profesionales 
sanitarios  

(20 matronas 
16 ginecólogos 

y  
16 enfermeras) 

7 grupos focales. 
6-10 participantes/ 
grupo, siendo estos 

homogéneos. Entrevistas 
semiabiertas dirigidas por 

el mismo moderador 

Percepción de cierta ineficacia en el consejo 
dietético en gestantes con problemas de peso, 
destacan la necesidad de mejorar el dominio 
de técnicas de asesoramiento nutricional que 

incluyan aspectos desde la alimentación hasta las 
pautas para la realización de actividad física 

Wennberg  
et al., 2014

Explorar las estrategias de las 
matronas ante el reto de dar 

consejos nutricionales
70 matronas

Estudio cualitativo. 
Entrevistas telefónicas 
semiestructuradas (20-

40 min) 

Las matronas tienen desafíos en la consulta 
relacionados con el asesoramiento que ofrecen a 
nivel nutricional. Indican la necesidad de mejorar 
la formación y poseer técnicas específicas para 
orientar a las mujeres según sus características 

culturales y condición de salud

 Arrish et al., 
2014 

Explorar el papel de las matronas 
en nutrición durante el embarazo

Revisión 
bibliográfica 

8 estudios identificados: 
4 descriptivos, 

2 observacionales, 
1 transversal y 1 de 

intervención 

La revisión de la bibliografía ha mostrado 
la limitada información disponible sobre el 

papel actual de las matronas en la educación 
nutricional de la mujer embarazada 
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salud en el embarazo, en temas como, por ejemplo, consumo 
de alcohol, tabaquismo, nutrición y alimentación, manejo de la 
obesidad y su tratamiento. Corroborando los resultados de Mulli-
ner, estos autores encontraron que las matronas no se sentían 
seguras ante la complejidad de los consejos nutricionales dados 
a las embarazadas y que consideraban no tener las habilidades 
de comunicación y los conocimientos necesarios, aunque reco-
nocen su importante papel en la educación y promoción de la 
salud materna.
La falta de seguridad respecto a los consejos nutricionales apa-
rece también en las conclusiones del trabajo que Szwajcer y 
cols. (26) realizaron en los Países Bajos con 12 mujeres emba-
razadas primíparas y 4 matronas, para estudiar la relación entre 
la comunicación nutricional verbal y la escrita. A las mujeres 
participantes les entregaron, en la consulta de las matronas, 
folletos con consejos nutricionales para su lectura, estudio y 
revisión. Además, se grabaron los encuentros con las matronas 
donde las embarazadas recibían consejos nutricionales. El estu-
dio concluyó que entregar folletos sobre nutrición como parte de 
un paquete de información dada en la consulta de la matrona 
no presentó una utilidad y un impacto real. Las embarazadas 
manifestaron no sentir que la información suministrada fuera 
útil, debido a que las orientaciones de las matronas fueron esca-
sas o no lograban el impacto esperado. Se evidenció que las 
motivaciones para el cambio de comportamiento nutricional no 
fueron discutidas en la consulta y que la comunicación verbal 
y el suministro de información escrita no fueron realizadas de 
manera simultánea.
Las embarazadas apreciaban la oportunidad de discutir el tema 
de la nutrición con sus matronas, dada su experiencia y el papel 
que estas desempeñan durante su embarazo, pero coincidían 
en que los consejos eran muy generales y, por otra parte, se 
entregaban de forma tardía; es decir, no eran dados en el momen-
to que se precisaban. Finalmente, destacan un uso poco adecua-
do de la información nutricional por parte de las matronas, debido 
a que entregaban material informativo sobre consejo dietético por 
escrito, pero junto a otros materiales variados, y sin reforzar ade-
cuadamente sus contenidos a través de la comunicación verbal.
No concluyó en el mismo sentido el estudio de Elias y Green 
(17), cuyo estudio tenía como objetivo determinar y evaluar los 
conocimientos que las matronas neozelandesas tenían sobre 
nutrición durante la gestación para llevar a cabo su consulta y 
el asesoramiento nutricional. Para ello enviaron cartas con una 
encuesta formada por 18 preguntas a 1.340 matronas colegiadas 
de Nueva Zelanda. La ratio de respuesta fue de un 28% (370). 
Los resultados indicaron que de las matronas encuestadas, en 
su gran mayoría, aproximadamente un 75% afirmaron poseer 
conocimientos en nutrición y se sentían seguras al transmitirlos 
durante la educación a las embarazadas que acudían a los con-
troles del embarazo.
Por otro lado, un estudio australiano realizado por Schmied y 
cols. (27), mediante grupos focales y entrevistas a profesionales 
de la salud, específicamente 34 matronas, dos ginecólogos y un 
anestesista, recogió datos sobre las experiencias, en especial 
de las matronas cuando atienden a mujeres obesas en edad 

reproductiva. La mayoría de estos profesionales expresan pre-
ocupación ante el hecho de ofrecer a las embarazadas consejos 
nutricionales sin que estas mujeres se sientan incómodas o 
relacionen algún comentario específicamente con su aspec-
to físico; por ejemplo, las matronas sienten temor a que los 
comentarios acerca del peso de la mujer embarazada alteren 
la relación establecida a nivel profesional e indican la necesidad 
de desarrollar habilidades para atender efectivamente mujeres 
con problemas de peso.
En este sentido concluye también la investigación cualitativa 
de Stotland y cols. (28) realizada con ginecólogos, matronas y 
enfermeros de distintos servicios de salud de San Francisco 
(USA), que se planteó como objetivo estudiar los conocimien-
tos, actitudes y las prácticas que estos profesionales tienen 
para dar consejos acerca de cómo prevenir la ganancia exce-
siva de peso en las embarazadas. Se llevaron a cabo grupos 
focales, distribuidos de la siguiente manera: tres de ginecó-
logos, dos de matronas y otros dos de enfermeras. Dentro 
de sus resultados se describe una necesidad de mejorar el 
entrenamiento de estos profesionales para ofrecer consejos 
nutricionales, lo que incluye el aprendizaje de técnicas de 
comunicación y educativas para tratar temas como ganan-
cia de peso, nutrición y ejercicio físico. También se consideró 
importante conocer estrategias para no estigmatizar o causar 
ansiedad a la embarazada, ya que al no tener los profesionales 
suficiente dominio del tema, las gestantes tenían dudas sobre 
la efectividad de sus consejos.
Para analizar con más detalle qué estrategias utilizan las matro-
nas en el asesoramiento nutricional, Wennberg y cols. (29) 
entrevistaron a 70 matronas suecas que realizaban controles 
en el domicilio a embarazadas, llevando a cabo 8-10 visitas 
durante la gestación. El principal reto identificado fue aportar 
consejos nutricionales a mujeres que no cumplían las indica-
ciones terapéuticas, tenían condiciones especiales o provenían 
de otros países con hábitos culinarios diferentes. Las matronas 
expresaron la necesidad de que el tema de la nutrición fuera 
multidisciplinar, y aumentar sus habilidades para transmitir con-
sejos nutricionales. Se observaron dificultades en las estrategias 
educativas que empleaban, especialmente con mujeres inmi-
grantes o de diferentes culturas. Las matronas utilizaban méto-
dos de acercamiento a las embarazadas tales como: repetición 
del mensaje, establecer acuerdos con las parejas para introducir 
algún cambio en su comportamiento nutricional y exposición de 
los riesgos médicos y obstétricos por situaciones relacionadas 
con la nutrición durante la gestación. En general, como resultado 
de las intervenciones de las matronas frente a sus pautas nutri-
cionales, las embarazadas se mostraron temerosas y a veces las 
matronas se veían abocadas, como último recurso, a derivarlas 
a una consulta especializada.
Arrish y cols. (16) realizaron una revisión de la bibliografía en 
diferentes bases de datos y diferentes webs gubernamentales 
australianas para analizar estudios cuyo objetivo fuera explo-
rar los conocimientos, actitudes y estrategias de las matronas 
sobre los consejos nutricionales en el embarazo. Algunos de los 
estudios incluidos en esta revisión se han detallado anteriormente.
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DISCUSIÓN

Como punto de partida, hay que destacar que coincidimos con 
Arrish y cols. (16) en que existen pocos estudios disponibles sobre 
esta cuestión en la literatura especializada internacional.
En cuanto a la percepción de los consejos nutricionales por par-
te de las embarazadas, se verbalizan dudas, frustración, miedos 
y ambigüedades ante la información recibida por parte de las 
matronas (16,17,25,28,29), lo que conlleva que las mujeres 
recurran a la búsqueda de información por su propia cuenta. 
Una de las principales carencias percibidas por las gestantes 
fue recibir consejos escasos y centrados en temas de seguri-
dad alimentaria (24), así como orientaciones poco específicas o 
aportadas en un momento demasiado avanzado de la gestación 
(18,26), cuando los intereses de las gestantes están ya más 
centrados en otros aspectos como la salud del feto (22). A pesar 
de ello, la figura de la matrona en cuanto a la información nutri-
cional es tenida muy en cuenta por las gestantes, debido a la 
especial vinculación que mantienen y por la experiencia que se 
le atribuye (23).
Por otra parte, las matronas son conscientes de la importancia 
de su labor en el asesoramiento nutricional y de que el emba-
razo es un momento especialmente favorable para intervenir 
en esta cuestión (18), pero existen importantes diferencias 
entre ellas en función de su ámbito geográfico de procedencia. 
Mientras que las matronas británicas se sienten más insegu-
ras y dudan de la eficacia de sus estrategias concretas de 
consejo dietético (23,29), las matronas neozelandesas (17) y 
canadienses (21) sienten que dominan mucho más el aseso-
ramiento nutricional.
En cuanto a las técnicas usadas por las matronas a la hora 
de aconsejar medidas nutricionales a las gestantes se han 
identificado: la repetición de mensajes nutricionales, la eli-
minación de algún producto concreto de la dieta, los acuer-
dos con las parejas, y la exposición de riesgos médicos y 
obstétricos de un patrón alimentario inadecuado (23). Varios 
estudios indican la necesidad de una mayor capacitación 
en el uso de otras herramientas complementarias (29,30), 
como, por ejemplo, las intervenciones motivacionales (26). 
Por otra parte, aunque la combinación del consejo nutricional 
con otras modificaciones de los estilos de vida (incluyendo 
ejercicio físico) se han mostrado eficaces para el control 
del peso durante la gestación (9), solo en algunos de los 
estudios consultados se refiere el uso combinado de infor-
mación nutricional y otras intervenciones comportamentales 
específicas (19). Tampoco queda claro si las matronas usan 
de forma generalizada las estrategias prácticas, basadas en 
el manejo de alimentos, a pesar de haber recomendaciones 
fuertes en este sentido (14).
Por otro lado, a pesar de que algunos estudios apuntan a la posi-
bilidad de que la existencia de ciertos problemas médicos durante 
el embarazo (como la diabetes gestacional) pueda conllevar una 
mayor eficacia del consejo dietético (8), las matronas perciben 
mayores dificultades para abordar el asesoramiento nutricional 
en pacientes con necesidades especiales (27).

CONCLUSIONES

Tras la revisión de la literatura especializada, se encuentran muy 
pocos estudios que aborden el modo en que se ofrecen con-
sejos nutricionales en la consulta de las matronas, el grado de 
comprensión de la información suministrada a las embarazadas 
y la percepción que estas tienen de este proceso. Esta escasez 
de investigaciones es especialmente llamativa en los países ibe-
roamericanos.
En cuanto a las percepciones de las embarazadas, destaca la 
sensación de haber recibido consejos muy generales por parte 
de las matronas, que no terminan de eliminar sus dudas e inse-
guridades respecto a la nutrición en el embarazo.
Por otra parte, parece existir una insatisfacción general de las 
matronas respecto a su propia formación en el uso de las técnicas 
y estrategias de consejo nutricional, por lo que se aprecia una cla-
ra necesidad de mejorar su formación didáctica, específicamente 
en relación con el tema de la nutrición en el embarazo.
Por todo ello, sería interesante plantear estudios que exploren 
estas cuestiones con más amplitud y en ámbitos geográficos 
más variados, utilizando además un enfoque de análisis cualita-
tivo, dadas las características del tema investigado y los aportes 
encontrados en los estudios de referencia.
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Resumen
Introducción: la prevalencia de trastornos de la conducta alimentaria (TCA) y las diferencias entre el peso corporal real y el percibido parecen 
más elevadas en bailarines. Los objetivos analizados en 77 bailarines fueron: riesgo de TCA; relación entre actitudes alimentarias y variables 
psicológicas; conducta de dieta y autocontrol de peso, y distorsión de la imagen corporal.

Método: se estudiaron variables relacionadas con el peso y la imagen corporal, conducta de dieta, percepción de la propia forma física, varia-
bles específi cas relacionadas con los TCA y otras variables psicológicas. El modelo estadístico robusto de Huber fue utilizado para probar la 
infl uencia de las variables analizadas en las puntuaciones del Eating Attitudes Test (EAT-40). Para las variables categóricas se usaron la prueba 
de Chi-cuadrado o el test de Fisher.

Resultados: no se encontró un mayor riesgo de TCA. Aun existiendo correlación entre el EAT-40 y el índice de masa corporal (IMC), aprecio 
corporal e impulso a adelgazar, las puntuaciones del EAT-40 y el IMC no sugieren un mayor riesgo en este grupo de bailarines. Por otro lado, 
estos bailarines tienen una percepción del propio peso similar a la de otras poblaciones y su insatisfacción corporal no parece ser peor que la 
expresada en otros tipos de población.

Conclusiones: a pesar de algunas limitaciones, este estudio añade algunos datos en este campo, teniendo en cuenta el grupo de variables 
analizadas, previamente no consideradas en conjunto.

Abstract
Introduction: Prevalence of eating disorders (ED) and discrepancies between actual weight and weight perception seem much higher in dancers. 
The aims analysed in 77 dancers were: risk for ED; relationship between eating attitudes and psychological variables; dieting and self-weighing, 
and body image distortion.

Method: Weight- and body image-related variables, dieting, self-reported physical fi tness, specifi c ED-related variables and other psychological 
variables were assessed. The robust Huber’s model was applied in order to test the infl uence of the variables analysed on the Eating Attitudes 
Test (EAT-40) scores. In case of categorical variables, the Chi-square (χ2-test) or the Fisher’s exact test were applied.

Results: Higher risk of ED was not obtained. Despite the relationship between EAT-40 and BMI, body appreciation and drive for thinness, scores 
on EAT-40 and BMI do not suggest higher risk in dancers. Dancers had a similar weight perception than other populations and body dissatisfaction 
seems not to be worse than the reported in other types of participants.

Conclusions: Despite some limitations, our study adds some data in this fi eld of study bearing in mind the use of a cluster of variables previously 
not taken into account as a whole.
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INTRODUCTION

The prevalence of eating disorders (ED) seems to be much higher 
for specific groups such as models, athletes and dancers (1-4). 
The reasons for these higher rates have been focused (among 
other elements) on personality factors, specifically some traits 
such as perfectionism, low self-esteem and high self-standards 
(2,5-7). Sociocultural influences encourage the development of 
both body image disorders and ED through two mechanisms: 
reinforcement –for example comments, which support the main-
tenance of an ideal of thinness– and modelling –imitation of 
observed behaviours– (8). The existence of specific personality 
traits along with sociocultural influences may explain, to some 
extent, the high prevalence of ED among high-risk occupations (9).
Some authors have mentioned that perfectionism and low self- 
esteem, usually found among dancers, might explain why ED 
appear to be more prevalent among this group of people (9,10). 
Nevertheless, this statement remains controversial taking into 
account the disparity of results, probably due to methodological 
differences among studies (7). With respect to dancers there are 
different studies comparing all dancers vs. non-dancers as well as 
comparing ballet dancers vs. non-dancers. The overall prevalence 
of ED in all dancers was found to be 12%, which was slightly 
lower than the prevalence found in ballet dancers –16.4%– (7). 
These studies were mainly based on instruments such as the 
Eating Attitudes Test (both versions 26 and 40 items), the Eating 
Disorders Inventory (EDI), the Bulimia Investigation Test Edinburgh 
(BITE) and several clinical interviews (11-14). When studies have 
focused on all dancers vs. non-dancers it must be noted that 
the population of dancers is usually too diverse (ballet, modern 
dance, jazz, national dance, etc.) to reach clear conclusions. It is 
generally admitted that general dancers have more than twice 
the risk of developing an eating disorder and more than three 
times of developing anorexia nervosa (AN) and eating disorders 
not otherwise specified (EDNOS) than non-dancers (7).
With respect to body image and weight self-perception, it has been 
reported that many more dancers and models than control girls, 
show discrepancies between their actual weight and their weight 
perception, assessing their weight as normal or above average 
while actually being underweight (9). This has been explained by the 
nature of these activities, which imply that less body weight means 
success. In addition, their professional and cultural surrounding cre-
ates an aversion towards gaining weight, and strongly supports the 
attitude that a skinny body and body image are normal (9).
Generally, body appreciation and body image quality of life seem to 
be negatively related to body dissatisfaction and drive for thinness, 
and positively related to self-esteem. In the case of body image 
quality of life, the relationship with drive for thinness/body dissatis-
faction seems to be only clearly significant in women (15,16). On 
the other hand, body mass index (BMI) is positively correlated to 
disordered eating attitudes and body dissatisfaction (17,18). In 
previous studies it has been reported that self-esteem and BMI 
are related to positive body image (19). In order to detect the risk 
for ED the Eating Attitudes Test (EAT) has been the most used 
psychometric instrument. When using the version of 40 items the 

cut-off point is usually established at 30. With this cut-off point 
the percentages of people at risk in Spain range between 0.6-8.3 
and 7.3-17.3 for males and females, respectively. Recently, some 
authors have concluded that a cut-off point of 21 yields the best 
diagnostic prediction with a sensibility and specificity of 88.2% 
and 62.1% respectively, and positive and negative prediction val-
ues of 17.7% and 62.1% respectively (20).
According to the reviewed literature: a) it is expected a posi-
tive relationship between dance and higher prevalence of risk 
for ED; b) it is expected a relationship between eating attitudes 
and psychological variables such as self-esteem, mental health, 
specific EDI subscales, body appreciation and body image quality 
of life; c) considering the dancers group, it is expected a higher 
prevalence of going on diet and/or more self-weighing frequency 
and more discrepancies between actual weight and weight per-
ception, assessing weight as normal or above average while 
actually being underweight; and d) dancers have an increased 
body image distortion.

METHOD

SAMPLE

The sample comprised 77 dancers from the Centro Andaluz de 
Danza (CAD; Junta de Andalucía, Seville, Spain) with a mean age 
of 21.22 (SD = 3.06) and an age range between 18 and 32. 20 
were males and 57 were females. The mean BMI was 21.01 
(SD = 1.85). All of them voluntarily agreed to participate in the 
study. The CAD is not a “professional Centre of dance” so the 
attendants practice dance as a semi-professional activity.

MEASURES AND INSTRUMENTS

According with the main instruments (questionnaires, inventor-
ies, scales) used in previous research on this field of study, the 
following were applied.

Weight- and body image-related factors

Anthropometric measurements: BMI was calculated as the rela-
tionship between weight (in kg) and height squared (in m). Weight 
and height were taken in individual sessions, with the participants 
in standing position, barefoot, and in light garments. An estadiom-
eter “Añó-Sayol Atlántida S13” model (Barcelona, Spain) was used.
Weight perception: Considering weight perception, participants 
responded to this question: What do you think of yourself in terms 
of weight? Possible responses were: “very overweight”, “slightly 
overweight”, “about the right weight”, “slightly underweight” and 
“very underweight”.
Self-weighing frequency: Participants were asked about their 
self-weighing frequency: “several times per day”, “daily”, “several 
times per week”, “weekly”, “occasionally”.
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Body shape: Participants were asked to choose, based on the 
standard figural stimuli developed by Stunkard and Stellar (21). 
Which silhouette is closest to your usual appearance? There are 
6 silhouettes corresponding (from 1 to 6) to BMI of 17, 19, 21, 
23, 25 and 27 approximately.

Dieting

Participants were asked whether they were dieting at the moment 
or not (yes/no), the reason or reasons for going on that diet (aes-
thetic reasons, healthy reasons –others than losing weight– or 
only with the specific objective of losing weight) and the intention 
of keeping on dieting or being about to do it (yes/no).

Self-reported physical fitness

Participants were asked about their physical fitness perception 
(“How do you consider your current physical fitness looks like”?) 
and they were classified as perceiving themselves as possessing 
a “poor”, “fair”, “average”, “good” or “excellent” physical fitness.

Specific ED-related variables

Eating Attitudes Test-40 (EAT-40) (11,22): The EAT-40 has 
40 items related to eating attitudes, which are rated on a six-point 
Likert scale (from never to always). Of these response options, 
three are scored with 1, 2 or 3 and the rest with 0. The maximum 
possible score is therefore 120, and a higher score corresponds 
to greater severity of disorder. The clinical cut-off point is usually 
considered to be 30. Factors that group together different items 
are bulimic behaviours, body image with a tendency toward thin-
ness, laxative use or abuse, induced vomiting, restricted eating, 
eating in secret and perceived social pressure when weight 
increases. The EAT is the most widely-used self-report question-
naire for detecting disordered eating behaviours and its test-retest 
reliability ranges between 77% and 95%, with its positive and 
negative prediction values being 82% and 93%, respectively.
Eating Disorders Inventory-3 (EDI-3) (23,24): This inventory 
assesses three risk variables related to ED (in addition to nine 
psychological variables), and it is applicable in non-clinical samples 
from ten years on, both individually and collectively. For the present 
study there were taken those items related to specific ED variables 
(i.e., drive for thinness –DT–, bulimia –B–, and body dissatisfaction 
–BD–). The Spanish version of these scales has adequate internal 
consistency (Cronbach’s α coefficients between 0.87 and 0.95).
The Spanish version of Body Image Quality of Life Inventory 
(BIQLI-SP) (16,25): The BIQLI is a self-reported questionnaire, 
which comprises 19 items. In order to avoid pathology-oriented 
biases, those items are evaluated on a 7-point bipolar scale, from 
+3 (very positive effect) to 0 (no impact) to -3 (very negative 
effect). The Spanish version (BIQLI-SP) was used for the current 
study. BIQLI-SP has shown high internal consistency (Cronbach’s 

α coefficient = 0.95) and high stability over a 3-week period 
(test-retest reliability = 0.84). The validity of the BIQLI-SP has 
been evidenced by its significant relationships with different 
variables, both psychological and psychopathological, as well as 
with eating disorder-related variables.

Other psychological variables

Body Appreciation Scale (BAS) (15,26): This 13-item instrument 
comprises a single dimension and shows adequate internal con-
sistency (Cronbach’s α coefficient = 0.94) and construct validity. 
It seems to be useful for studying the positive aspects of body 
image. BAS items are rated along a 5-point scale (i.e., 1 = never, 
2 = seldom, 3 = sometimes, 4 = often, 5 = always) and are aver-
aged to obtain an overall body appreciation score. When giving the 
BAS to men item 12 is revised to: “I do not allow unrealistically 
muscular images of men presented in the media to affect my atti-
tudes toward my body”. Again the Spanish version of the BAS was 
used here, which has shown adequate psychometric properties 
(Cronbach’s α coefficient = 0.91).
Self-esteem scale (SES) (27,28): The Spanish version of this 
scale was used. It comprises 10 items that are scored with a 
Likert format (from strongly agree to strongly disagree; the higher 
the score, the higher the degree of self-esteem). Reliability in the 
Spanish population has been shown to be adequate (Cronbach’s 
α coefficient = 0.87), with test-retest correlation of 0.72.
General Health Questionnaire-28 (GHQ-28) (29,30): For this study 
we used the Spanish version of this screening instrument of gen-
eral psychopathology which, taking into account a cut-off point 
of 6-7, shows a sensitivity of 76.9% and a specificity of 90.2%. 
With a cut-off point of 5-6 the questionnaire shows a sensitivity 
of 84.6% and a specificity of 82%. Anyhow, it shows an adequate 
discriminative power (psychiatric case-no case) and it is easy to 
be administered. The questionnaire was designed to detect the 
presence of psychiatric cases in community and non-psychiatric 
clinical settings and comprises four 7-item scales: somatic symp-
toms, anxiety and insomnia, social dysfunction and depression. 
Each item is accompanied by four possible responses: Not at all, 
No more than usual, Rather more than usual, and Much more 
than usual. As usual, GHQ-28 was scored with a binary method 
where Not at all, and No more than usual score 0, and Rather 
more than usual and Much more than usual score 1. By means of 
this scale of 0,0,1,1, the results are utilised to identify psychiatric 
cases. A higher final score indicates a greater psychopathology. 
Since there have been handled different cut-off points, only the 
total score has been considered in the present study. The GHQ 
has been suggested as a tool for identifying emerging problems 
as well as to identify chronic problems.

SETTING AND PROCEDURE

All participants attended the CAD regularly and they were 
practising one of the following three modalities of dance: 
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 Spanish-flamenco dance (40.26%), contemporary dance 
(32.47%) or neoclassic dance (27.27%). After having obtained the 
CAD Director’s permission and the students’ informed consent, 
participants fulfilled the questionnaires and scales individually 
and without time limits. Measurements were taken individually. 
The procedure was supervised by a nutritionist, instructing the 
participants about how to complete the questionnaires and scales 
until they were completely sure about their fully understanding of 
the instructions. That nutritionist was also in charge to resolve any 
doubts about the tasks when carrying them out. The participants 
developed their task in a suitable setting. As we noted above, all 
the participants volunteered to take part in the study, none of them 
received any kind of reward after fulfilling the task and anonymity 
was guaranteed. Some nutritionists with experience in this type of 
studies were in charge to take anthropometric measures (weight 
and height). None of the participants left the study after inclusion.
After the Director’s permission and the ethics approval from Junta 
de Andalucía (Regional Government of Andalusia) were obtained, 
a timetable was established to collect the data during a week, 
avoiding evaluation periods in which possible distress could have 
influenced the study. In order not to alter the classes routine in the 
CAD, the questionnaires were filled in during the periods assigned 
by the Director and the anthropometric measures were collected 
in hours devoted to some other activities different from dancing. 
All students were invited to participate.

STATISTICAL ANALYSES

Conventional descriptive statistics (M, SD) were used to describe 
continuous variables and percentages for the categorical ones 
(n, %). Shapiro-Wilk normality test was used to determine whether 
the data fitted a normal distribution or not. As result, the robust 
Huber’s model was applied in order to test the influence of the 
variables analysed (IV) on the EAT scores (DV). In case of categor-
ical variables, the χ2-test or the Fisher’s exact test were applied. 
All analyses were performed using R software, version 3.2.2.

RESULTS

DESCRIPTIVE STATISTICS

As it was mentioned above, the sample comprised 77 dancers 
(20 males and 57 females) with a mean age of 21.22 (SD = 3.06) 
and the mean BMI was 21.01 (SD = 1.85).
Table I shows data considering: the fact of dieting, intention to 
go on a diet in the future and the aesthetic motivation for that 
proposal. Weight self-perception, self-reported physical fitness, 
self-weighing frequency and the reasons for that control are also 
showed.
Regarding the continuous variables (BAS, GHQ, specific subscales 
of EDI, BIQLI and SES), descriptives are represented in Table II.
Weight misperception and relations among weight self-perception, 
self-reported physical fitness and self-weighing

With respect to weight misperception, 8.45% of participants at 
normal weight perceived themselves as underweight and 33.80% 
of them perceived themselves as overweight. Among those who 
were under or overweight there was not any type of weight mis-
perception. Overall 42.25% of participants misperceived their 
weight.
There seems to be a relationship between weight self-percep-
tion and self-reported physical fitness (χ²

16 
= 92.00; p < 0.001). 

Table I. Descriptive statistics  
for categorical variables (n, %)

Weight self-perception

Very underweight 3 (3.94%)

Slightly underweight 6 (7.89%)

On my weight 42 (55.26%)

Slightly overweight 23 (30.26%)

Very overweight 2 (2.63%)

Self-reported physical fitness

Poor 2 (2.63%)

Fair 14 (18.42%)

Average 21 (27.63%)

Good 33 (43.42%)

Excellent 6 (7.89%)

Dieting

No 52 (68.42%)

Yes 24 (31.57%)

Planning to go on a diet in the future

No 43 (56.57%)

Yes 22 (28.94%)

Unknown 11 (14.47%)

Are going on a diet for mere aesthetic reasons?

No 38 (50%)

Yes 38 (50%)

Self-weighing frequency

Occasionally 65 (85.52%)

Weekly 8 (10.52%)

Several times per week 3 (3.94%)

Reasons for self-weighing

Self-control 54 (71.05%)

Weight maintenance/avoid gaining weight 18 (23.67%)

Feeling better 4 (5.26%)



1217EATING ATTITUDES, BODY IMAGE AND RISK FOR EATING DISORDERS IN A GROUP OF SPANISH DANCERS

[Nutr Hosp 2016;33(5):1213-1221]

Most of the participants (95,3%) who reported average, good 
or excellent physical fitness perceived themselves as on their 
weight. On the contrary, those participants who reported fair or 
poor physical fitness considered themselves as being slightly 
overweight (64.28%) and very overweight (100%) respectively. 
With respect to the self-weighing frequency, no significant dif-
ferences were found considering self-reported physical fitness or 
about the reasons to do it (self control, maintenance/avoid gaining 
weight, feeling better).

BODY IMAGE

Referring to the actual weight status, 93.24% had a normal BMI 
(between 18.5 and 24.9). With respect to the silhouettes, the par-
ticipants chose the numbers 1-5 with the following frequencies: 9 
(11.68%), 24 (31.16%), 22 (28.57%), 20 (25.97%) and 2 (2.59%). 
None of the participants chose the silhouette number 6. The figural 
stimuli (Stunkard and Stellar, 1990) revealed than among the par-
ticipants with a normal BMI, 5.79% identified themselves with the 
silhouette number 1 (which corresponds to a BMI about 17) and 
2.89% with the silhouette number 5 (BMI = 25). On the other hand, 
those participants with an actual BMI < 18 and BMI ≥ 25 chose 
the silhouettes number 1 (BMI = 17) and 4 (BMI = 23) respectively.

GENDER DIFFERENCES

Considering sex, no significant differences were found with 
regards to self-reported physical fitness and the fact of dieting. 
Nevertheless, a significant difference was found with respect to 
weight self-perception (Fisher’s Exact Test, p < 0.05). While the 
proportion of males and females who perceived themselves on 
their weight was similar (55.55% vs. 54.38%), 38.59% of females 
considered as being slightly or very overweight vs. 16.66% of 

males. Finally, 27.77% of males perceived themselves as being 
slightly or very underweight vs. 7.01% of females.

RELATIONS AMONG WEIGHT SELF-
PERCEPTION, SELF-REPORTED PHYSICAL 
FITNESS, SELF-WEIGHING AND DIET

A significant relationship was found between weight self-per-
ception and dieting (χ²

4 
= 9.77; p < 0.05) as well as between 

weight self-perception and going on diet in the future (χ²
4 
= 

13.94; p < 0.01). All participants who perceived themselves as 
very underweight or very overweight planned to go on a diet in 
the future. Among those who described themselves as being on 
their weight, slightly overweight or slightly underweight, 80%, 
50% and 83.33% planned to diet respectively. A similar result 
was found with regards to the relation between diet for aesthetic 
reasons and weight self-perception (χ²

4 
= 14.48; p < 0.01). None 

of the participants who perceived themselves as slightly or very 
underweight planned to go on diet for aesthetic reasons, while all 
of those who felt to be very overweight and 69.56% among the 
participants who felt to be slightly overweight planned to do it.
No significant relations were found between self-reported physical 
fitness and dieting.
With respect to self-weighing, while the percentage of those who 
self-weighed weekly or several times per week was 29.16% 
among those who went on diet, this proportion was 7.68% in the 
case of participants who denied dieting (χ²

2 
= 6.13; p < 0.05).

POSITIVE CASES RESPECTING EAT-40

Considering the traditional cut-off point (EAT-40 ≥ 30), 4 positive 
cases were found (5.19%). After applying the cut-off point of EAT-
40 ≥ 21, proposed by Peláez-Fernández, et al. (20), which seems 
to give the best diagnostic prediction in our context, the number 
of positive cases was 14 (18.18%).

PREDICTION OF EAT SCORES (DV) BASED ON 
THE DIFFERENT VARIABLES ANALYZED (IV)

Mean, standard deviation and skew of EDI specific subscales 
suggested that these variables did not fit a normal distribution 
(Table II) as it was confirmed by means of the Shapiro-Wilk 
normality test. This is a trouble to perform a linear regression 
model so the robust Huber’s model was applied in order to test 
the influence of the variables analysed (IV) on the EAT scores 
(DV). Linear least-squares estimates can behave badly when the 
error distribution is not normal, particularly when the errors are 
heavy-tailed. One remedy is to remove influential observations 
from the least squares fit. Another approach, robust regression, 
is to employ a fitting criterion that is not as vulnerable as least 
squares to unusual data (31). In this case the potential influential 
observations (outliers) are not data entry errors, neither are they 

Table II. Descriptive statistics  
for continuous dependent variables  

(M, Sd). Skew

Skew

BAS 49.29 (7.88) -0.31

BIQLI 0.98 (0.86) -0.12

EDI-DT 4.34 (5.34) 1.32

EDI-B 1.19 (2.22) 2.91

EDI-BD 4.75 (5.42) 1.19

SES 32.16 (4.92) -0.34

GHQ 14.83 (4.41) 0.39

BAS: Body Appreciation Scale; BIQLI: Body Image Quality of Life Inventory; 
EDI: Eating Disorders Inventory; DT: Drive for thinness; B: Bulimia; BD: Body 
Dissatisfaction; SES: Self-Esteem Scale; GHQ: General Health Questionnaire.
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from a different population than the data. So we had no compelling 
reasons to exclude them from the analysis. In this regards robust 
regression is a good strategy since it is a compromise between 
excluding these influential observations entirely from the analysis 
and including all the data points and treating all them equally (32). 
The results of the Huber’s M-estimator are shown in table III. BMI, 
BAS and EDIDT have significant influence on the EAT-40 scores, 
this influence being no significant for the rest of variables. Despite 

having observed sex differences, these differences did not reach 
statistical signification (Figs. 1-3).

DISCUSSION

With respect to our first hypothesis (a positive relationship 
between dance and higher prevalence of risk for ED), it must be 
noted that ED in dancers are thought to be common but the exact 
rates remain to be clarified (7). The dancer group has an overall 

Table III. Huber’s M-estimation  
for regression analysis

Coefficients

Value  Std. Error t value

(Intercept) 14.0777 10.2587 1.3723

BMI -0.0946 0.3920 -0.2413*

BAS  -0.1162 0.1138  -1.0212*

GHQ -0.0408 0.1581 -0.2581

EDIDT 1.2037 0.2099 5.7355*

EDIB -0.6230 0.3180 -1.9593

EDIBD 0.1812 0.2119 0.8550

BIQLI 0.6935 0.7853 0.8831

SES 0.0837 0.1601 0.5226

BAS: Body Appreciation Scale; BMI: Body Mass Index; BIQLI: Body Image 
Quality of Life Inventory; EDI: Eating Disorders Inventory; DT: Drive for 
thinness; B: Bulimia; BD: Body Dissatisfaction; SES: Self-Esteem Scale; 
GHQ: General Health Questionnaire.
* p < 0.001.

Figure 1. 

Relationship between BMI and EAT by sex.

Figure 3. 

Relationship between EDIDT and EAT by sex.

Figure 2. 

Relationship between BAS and EAT by sex.
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prevalence of 16.4% with higher mean scores on the EAT-26 
and the EDI subscales, so dancers seem to have a higher risk 
of suffering from ED as it has been reported recently (7). In the 
current study it is possible to note that there is a high risk of ED, 
considering the cut-off point of 21 for the EAT-40 (18.18%). This 
risk is higher than the one found in students (5.95%-9.43%) but 
in this case the cut-off point of the EAT-40 was 30 (17,18,33). In 
the current study, when the cut-off point was 30, the percentage 
of positive cases was clearly lower (5.19%). Previous studies have 
shown that the prevalence of AN in ballerinas ranges from 2% to 
7% (34). In our study the positive cases were not confirmed by 
means of a clinical interview, our aim being to study the risk for 
ED in the specific group of dancers. According to the World Health 
Organization, the majority of ballerinas have below body weight 
(a risk factor for ED) (9), which was not found in the current study 
(only 7.79% of our sample had a BMI ≤ 18.5). The prevalence of 
risk for ED is not clear with our results because it seems to depend 
directly of the cut-off point applied for the EAT-40. Considering 
the BMI, the majority of the dancers were at normal weight. In 
this regards our results do not confirm that dancers are more 
similar to eating-disordered individuals than to control individuals 
on measures of eating pathology (2). With respect to the BMI, 
Wyon et al. (35) have reported that professional dancers had sig-
nificantly greater BMI than student dancers, so a low BMI as risk 
factor for ED among dancers seems to remain controversial. Apart 
from the different cut-off point there is a factor, which could have 
influenced on our results. As it was noted previously, the CAD is 
not a “professional Centre of dance” so the attendants practice 
dance as a semi-professional activity or hobby. In addition, previ-
ous research has been focused on ballet dancers while this study 
includes other very different disciplines. These facts, along with a 
bit different mean age with respect to the reported in other articles 
must be taken into account for future studies: in our case 21.22 
while other studies report, for example, 13-20 years old (4) or 
25 years old (9). In fact, Wyon et al. (35) reported higher EAT-26 
scores for female ballet dancers in years 10 and 12. So our first 
hypothesis was partially confirmed when we used the cut-off point 
of 21 with respect to the EAT-40.
Our second hypothesis (it is expected a relationship between eat-
ing attitudes and psychological variables such as self-esteem, 
mental health, specific EDI subscales, body appreciation and body 
image quality of life) was also partially confirmed. In this regard, 
BMI, body appreciation and EDI-DT (drive for thinness) significantly 
predicted the scores on the EAT-40. Higher BMI, lower scores 
on BAS and higher scores on EDI-DT predict higher scores on 
EAT-40. In other studies with dance students, low self-esteem, 
high neuroticism, and high psychological distress have proved 
to be associated with ED as well as teasing for overweight and 
body image dissatisfaction (36). These results are not specific 
because the negative relationship between BMI-BAS and BAS-
drive for thinness has been reported in previous studies (15). The 
relationship between EAT-40 and self-esteem and GHQ scores 
was negative but not significant statistically.
Comparing with other populations the percentage of participants 
who went on a diet at the moment of this study (31.57%) was sig-

nificantly higher (33). In the current study there were no significant 
gender differences with respect to go on a diet and planning to 
do it for aesthetic reasons, this being different considering other 
types of participants. In this regard, among students who go on a 
diet or plan to do it for aesthetic reasons more than 60% has been 
reported to be females (33). Self-weighing frequency was also dif-
ferent when compared with other studies based on other types of 
participants. While in the current study 3.94% self-weighed several 
times per week this percentage was 2.29 in a previous study among 
secondary school students (37). Considering weight mispercep-
tion, the percentage of participants who misperceived their weight 
was significantly higher than the reported in previous studies in our 
context (23.5%-27.48%) (33,37), and similar to others such as 
Ruiz-Prieto et al. (41.35%) (38). In some countries, culturally dif-
ferent comparing with Spain (e.g., Ghana), approximately 20-21% 
of undergraduate students misperceives their weight status (39). 
The different age ranges and types of participants do not permit to 
compare these percentages in order to conclude something specific 
about the weight misperception among dancers. Authors such as 
Urdapilleta et al. (40) have highlighted that dancers have a more 
realistic perception of their body weight but bearing in mind the 
literature, this point remains unclear.
With regards to our third hypothesis (it is expected a more preva-
lence of going on diet and/or more self-weighing frequency and 
more discrepancies between the actual weight and the weight 
perception, assessing the weight as normal or above average 
while actually being underweight), it has been confirmed. On 
the one hand dancers seem to diet more frequently than other 
populations. Considering gender, there is a substantial difference 
with respect to other people. While generally females diet more 
frequently than men do, in the case of dancers there are not sig-
nificant differences between women and men. Another difference 
must be noted with regards to self-weighing frequency, which in 
the case of dancers seems to be a bit higher.
Taking into account the silhouettes of Stunkard & Stellar (21), 
overall 85.13% of dancers chose the silhouettes numbers 2-4, 
which correspond to normal BMI. The BIQLI showed that the mean 
was positive, which indicates a positive body image quality of life. 
In a recent study with students the silhouettes numbers 2-4 were 
chosen by 75.84% (37) and other study (38) revealed an EDI-BD 
score of 6.13 among students, which is higher than the one found 
in the current study (4.75). In this regard body dissatisfaction and 
body distortion among dancers seem not to be worse than the 
reported in other populations. In short, our fourth hypothesis was 
not confirmed.
Summarizing, our results do no confirm that dancers have higher 
risk of ED at least in this group of participants who attend a specif-
ic Centre in Andalusia and when the most strict cut-off point was 
applied. Scores on EAT-40 and BMI do not suggest higher risk 
comparing with other populations. The current results show the 
relationship between EAT-40 scores and variables such as BMI, 
body appreciation and drive for thinness in this dancers group. 
A higher BMI, associated to lower body appreciation and higher 
drive for thinness could be a potential risk cluster for disordered 
eating attitudes.
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There is a point that should be highlighted with respect to the 
fact of dieting. The concern about weight among dancers might 
lead to a high frequency of going on a diet as it is observed in our 
results. Nevertheless, there are not significant gender differences 
in this regard, which is not the case in other populations in which 
females are more likely to go on a diet. Dance could be considered 
as an activity, which implies similar behaviours to control weight 
in men and women. Something similar occurs when considering 
self-weighing, a behaviour more frequent among dancers than 
in other groups. A third element to note, along with dieting and 
self-weighing, is weight misperception. The probability that dan-
cers have a more realistic perception of their body weight (40) 
has not been confirmed with our results. While other authors 
(33,37,38) have been reported a weight misperception ranging 
between 23.5%-41.35%, in this dancers group the percentage 
of weight misperception was 42.25%.
Finally, body dissatisfaction and body distortion among dancers 
are not worse than the reported in other populations taking into 
account our results referred to the silhouettes of Stunkard and 
Stellar (21), scores on the body image quality of life and level 
of body dissatisfaction as measured by the corresponding EDI 
subscale.
This study has some limitations. First, comparing to other studies 
this sample would be considered as a small one, so it is difficult 
to generalize the results. Another trouble to establish comparisons 
refers to the fact that while in our study the mean age was 21.22 
others have reported mean ages from 14.4 (41) to 20.9 (42). 
Only one study (43) reported a higher mean age (34.4). Third, 
the characteristics of the CAD must be taken into account. Stu-
dents at this Centre could be considered as semi-professionals 
dancers. Other studies have focused on students who practice 
dance as their main activity (4). In this regard the profile might be 
considerably different, this being a possible objection to estab-
lish comparisons with other studies. Another limitation could be 
highlighted considering that our work does not have considered 
a control group. In this regard we have referred to other similar 
studies focused on non-dancers students. With respect to our first 
hypothesis, a higher risk for ED could be mentioned provided that 
the less strict cut-off point of EAT-40 is applied. With the classical 
cut-off point these results do not support that hypothesis. Despite 
these limitations, our study adds some data in this field of study 
bearing in mind the use of a cluster of variables previously not 
taken into account as a whole.
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Resumen
Introducción: alimentos y componentes de la dieta han recibido considerable atención como recursos auxiliares en el control de las enfermedades 
crónicas, como la diabetes. Este estudio evaluó el efecto de la dieta suplementada con base de linaza multimezcla, sésamo, avena y semillas de 
girasol en la función hepática y la actividad antioxidante de ratas diabéticas.

Métodos: las ratas macho fueron divididas en grupos de siete animales: control de la diabetes (CD), diabéticos sometidos a dieta multimezcla 
(DM), diabéticos con insulina (DI), y control normal (CN). El tratamiento se inició en el quinto día después de la inducción de la diabetes con 
estreptozotocina 40 mg/kg i.v. en tampón citrato y se mantuvo durante 50 días.

Resultados: la dieta extracto etéreo complementado tenía el contenido fenólico más alto (p < 0,05) que los otros extractos de la suplementación 
de la dieta y el extracto de éter de la comida estándar. No hubo diferencia en la actividad antioxidante in vitro de la alimentación usada. A medida 
que las transaminasas, los niveles de ALT signifi cativamente mayor (p < 0,05) estuvieron presentes en el grupo de diabéticos en comparación 
con CN, el peso relativo del hígado en el grupo de diabéticos fue signifi cativamente mayor (p < 0,001) en comparación con el grupo CN. Los 
grupos sulfhidrilo de los niveles de proteína no fueron signifi cativamente mayores (p < 0,05) en los grupos F e I comparados con CN y CD. El 
tratamiento con insulina resultó en una mejora de la actividad antioxidante con respecto a la catalasa hepática.

Conclusión: la suplementación con multimezcla no mejora el control metabólico de la diabetes. El tratamiento con multimezcla aislado mostró 
una mejora en la actividad antioxidante en el tejido hepático, como se evidencia por el aumento de los niveles de grupos sulfhidrilo no proteicos.

Abstract
Introduction: Food and dietetic components have received considerable attention as auxiliary feeding resources on controlling of chronic 
non-transmissible diseases, among them diabetes. This study evaluated the effect of supplementary diet with multimixture based on linseed, 
sesame, oats and sunfl ower seeds on the hepatic function and antioxidant activity of diabetic rats.

Methods: Male rats were distributed on groups of seven animals: diabetic control (DC), diabetics subject to multimixture diet (DM), diabetic 
with insulin (DI), and normal control (NC). The treatment was started on the 5th day after diabetes induction with 40 mg/kg i.v. streptozotocin on 
tampon citrate and kept during 50 days.

Results: The ethereal extract of the supplemented diet showed a higher content of phenolics (p < 0.05) compared to other extracts of the sup-
plemented diet and the ethereal extract of the standard diet. There was no difference in antioxidant in vitro activity of the utilized diets. Concerning 
to transaminases, signifi cant bigger ALT levels (p < 0.05) were present on diabetic groups compared to NC. The relative liver weight on diabetic 
groups was signifi cantly higher (p < 0.001) compared to NC group. Non-proteic sulfhydryl group levels were signifi cantly higher (p < 0.05) on 
DM and I groups when compared to DM and NC. Only the treatment with insulin resulted in an improvement of antioxidant activity concerning to 
hepatic catalase. The supplementation with multimixture did not improve the metabolic control of diabetes.

Conclusion: The multimixture treatment showed an isolated improvement on antioxidant activity in the hepatic tissue, evidenced by the increasing 
on non-proteic sulfhydryl group levels.
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INTRODUCTION

Diabetes mellitus is a metabolic chronic disease caused by gen-
etic defects or acquired defects on secretion and/or on insulin 
action, whose natural history is marked by the appearance of 
acute or chronic complications, such as retinopathy, nephropathy 
and neuropathy, cerebrovascular accident and coronarian arterial 
disease (1). Other complications include the non-alcoholic fatty 
liver disease (NAFLD), a clinical-pathological term that ranges 
a wide spectrum of diseases that goes from lipid accumulation 
on hepatocytes to cirrhosis, passing through stages of steatosis 
with inflammation and fibrosis (2). Its pathogenic mechanisms 
are little known and results in important alterations on hepatic 
tests function (3).
Diabetes represent worldwide health problem that threatens to 
achieve pandemic levels by 2030, considering the predictions 
that the number of diabetics will be 380 million until 2025 (4). 
Moreover, the prevalence of NAFLD is above 80% on obese and 
diabetic individuals (5).
The oxidative stress induced by hyperglycemia plays a key 
role on the beginning and progression of diabetes complica-
tions, in which occur an increase in free radicals production 
and of reactive oxygen species (ROS) generated mainly by the 
self-oxidation of glucose and on different oxidant reactions 
that follows protein, lipids and nucleic acids glycation, plus 
the reduction of action by the antioxidant defense systems 
in consequence of the decrease in reduced nicotinamide 
adenine dinucleotide phosphate (NADP) availability and in 
the reduced glutathione, and by the oxidative damage of the 
enzymes involved (6).
The glycemic control on diabetics depends on the treatment based 
on a pharmacological approach with use of insulin or oral hypo-
glycemic agents, and non-pharmacological treatment by means 
of physical exercise and diet. Feeding components have been 
frequently utilized in combination with the pharmacological treat-
ment because they help on improvement of glucose metabolism 
control, reducing the risk of complications commonly observed in 
DM patients. The diet proposed by the specialists must include 
fiber-rich food, with low standards of saturated fat, salt and simple 
sugars (7).
In the last years there have been a growing interest for food and 
feeding components, of conventional use or not, that present 
claims of functionality to the prevention and control of non-trans-
missible illnesses and chronic aggravations. Among these foods 
are linseed, sesame, oats and sunflower seeds, because the 
linseed (Linum usitatissimum L.) is a source of essential fatty 
acids, fibers and phenolics, known by their antioxidant activity 
(8); the sesame (Sesamum indicum) contains proteins, vitamins 
and minerals (9); the oats (Avena sativa L.) are rich in fibers, 
proteins and lipids (10); and the sunflower (Helianthus annuus) 
is rich on polyunsaturated fatty acids, with prominence to linoleic 
acid (11). The present study evaluated the effect of the multimix-
ture-supplemented diet containing oat bran, linseed, sesame and 
sunflower seed on the hepatic function and antioxidant activity in 
diabetic rats.

MATERIAL AND METHODS 

Male Wistar Rattus norvegicus, 60 and 70 days old and weigh-
ing from 230 to 270 g, were supplied by the animal house of 
the Center of Agrarian Studies of the Federal University of Piauí 
(UFPI). The animals were kept in individual metabolic cages with 
free access to water and rodent diet (LABINA 5002, EVIALIS do 
Brasil Nutrição Animal Ltda., São Paulo, Brazil), under controlled 
conditions (25 ± 2 °C, 12-h dark/light cycle). All experimental 
protocols were approved by Ethics Committee for Animal Research 
of the Federal University of Piaui, Brazil, CEEA-UFPI (No. 07/2010).
The diabetic animals were randomly distributed in three groups of 
seven animals treated during 50 days with standard diet (diabetic 
control - DC), supplementation with multimixture (multimixture 
diabetics - MD), or standard diet and insulin (insulin diabetics - ID). 
NPH human insulin 3U/animal was administered on alternated 
days by subcutaneous administration, being the dose adapted 
from that used on the study of Pauli et al (12). It was included 
a non-diabetic control group (NC), composed by normal animals 
that received standard diet.
To the diabetes induction, after a 12-hour fast with free access to 
water, the animals received by intravenous administration 40  mg/kg 
streptozotocin (Sigma Chemical, USA) on citrate buffer 10 mM and 
pH 4.5. The confirmation of the diabetes was made by determin-
ing the fasting capilar glycemia using testing strips accue chek. 
The animals regarded as diabetics had glycemia ≥ 250 mg/dL 
(13). On the NC animals, citrate was administered on the moment 
of the induction of the diabetes.
To the preparation of the multimixture oat bran, linseed, sesame 
and sunflower seeds were pounded and used to the preparation 
on a ratio of 4 g of the formulation to each 100 g of the total 
weight of the diet. Such proportion of the mixture of cereals was 
chosen based on the study of Almeida et al. (14), which referred 
to be this one the best proportion of multimixture by comparing 
the results achieved by them with those achieved in other studies.
The euthanasia was realized with an overdose of sodium thi-
opental (100 mg/kg) by intraperitoneal injection (15). Samples 
of venous blood were obtained for biochemical dosages. The 
weight of the liver was determined, and samples of this organ 
were processed for evaluation of the antioxidant activity and 
histological analysis. The histological analysis was realized by 
optic microscopy (Nikon Eclipse E-600, optic microscope, Tokyo, 
Japan) on samples dyed with hematoxylin-eosin (HE) and Masson 
trichrome.
The serum levels of glucose, total proteins, albumin, aspar-
tate aminotransferase (AST) and alanin aminotransferase (ALT) 
were determined on CENDOMED laboratory (Teresina, Piauí), 
by enzymatic colorimetric method, using reagents from Labtest 
Diagnóstica S. A.
The antioxidant activity on the hepatic tissue was determined 
by the quantification of the activity of catalase and reduced 
glutathione. The catalase was determined by measuring the 
decomposition of the hydrogen peroxide through the decreas-
ing of optical density on 230 nm, accompanied by the reduction 
of the absorbance measured on spectrophotometer Biospectro 
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SP-220, EQUIPAR Ltda., Curitiba, Brazil (16). The reduced gluta-
thione was evaluated by determining the non-proteic sulfhydryl 
groups (NPSHG) in homogenate of hepatic tissue at 10% on EDTA 
0.02, being the essay realized on Tris 0.4 M, pH 8.9, on the pres-
ence of DTNB 0.1 M, with reading of the samples on 412 nm in 
spectrophotometer Biospectro SP-220, EQUIPAR Ltda., Curitiba, 
Brazil (16).
The quantification of the total phenolic compounds on the stan-
dard and supplemented diet was done based on standard curve 
of gallic acid according to the method of Swain and Hills (17) on 
ethereal, alcoholic and aqueous extracts with distilled water and 
Folin Denins. The absorbance was determined on spectropho-
tometer at 720 nm.
The antioxidant activity of the diets was evaluated according to 
the Blois method (1958) adapted by Brand-Willians et al. (18), 
with basis on the reduction of the [2,2 difenil-1-pricril-hidrazil 
(DPPH.)] radical, which while fixing one H+ (removed from the anti-
oxidant on study), leads to a decrease on absorbance, allowing 
the calculation, after establishing the balance of the reaction, the 
amount of antioxidant spent to reduce 50% of the DPPH radical. 
To this, it was prepared methanolic solution of DPPH 6 x 10-5M, to 
which was added to each one of the extracts, on a concentration 
of 2,800 ppm, and after 30 minutes the absorbance values were 
measured at 517 nm in spectrophotometer Biospectro SP-220, 
EQUIPAR Ltda., Curitiba, Brazil (16).
Additionally, the feeding consumption, the water ingestion, the 
diuresis and the corporal weight were determined each three 
days.
The statistical analysis was realized through application of the 
paired t-test to compare the differences within the groups and 
ANOVA followed by post-test of Tukey to comparison among the 
groups. The significance level established was p < 0.05.

RESULTS AND DISCUSSION

Considering the multiple functions enacted by the liver, the func-
tional tests here realized included glucose evaluation, albumin, 

total proteins and hepatic cytolysis enzymes, in addition to anti-
oxidant activity and investigation of structural changes on the 
hepatic tissue. Aspects related to body weight, water and food 
consumption and diuresis were also evaluated. Additionally, the 
phenolic content and antioxidant activity of the diet were deter-
mined.
On the table I, glycemia and body weight data of the studied 
groups are presented. It was observed that on the fifth day after 
streptozotocin administration, the diabetic groups (DC, MD and 
ID) showed significantly higher glycemia (p < 0.001) compared to 
NC. These were expected results considering that streptozotocin 
causes β Langerhans islets cells degeneration, leading to the 
development of diabetic state within three days (19).
At the end of the treatment, the glycemia on diabetic groups 
remained significantly higher (p < 0.001) compared to NC. It was 
not observed any statistically difference on the group MD when 
compared to the groups ID and DC (Table I), although MD received 
treatment in which one of the components is the oat bran, a food 
rich in soluble fibers, to which it was already demonstrated in 
some studies a potential benefit on glycemic (20), evidencing a 
possible absence of hypoglycemic effect of the multimixture when 
used on the proportions adopted in this study.
The absence of hypoglycemic effect through the administration 
of insulin on the group I could be related to the type of insulin 
used, Humulin NPH, which begins to act between 1 and 2 hours 
after subcutaneous administration, peak between 6-12 hours and 
whose period of action is up to 18-24 hours (21). Moreover, other 
limitations on the treatment protocol used are related to the fact 
that the insulin administration had been realized always on even-
ing, a period in which food consumption is higher; and that the 
glycemia measurements had been made on situations in which 
the animals remained without receiving insulin during at least 
24 hours to avoid serious hypoglycemia and death during the fast 
period that precede the glycemia determinations.
Regardind body weight (Table I), at the beginning of the treatment 
the body weight of the NC group was significantly higher (p < 
0.05) when compared to DC and I, which can be attributed to the 
fast weight loss on the period between the induction and confirm-

Table I. Fasting capilar glycemia and body weight on the fifth day after the diabetes 
induction and at the end of the treatment of Rattus norvegicus during 50 days with 

standard isolated diet (NC and DC), NPH human 3U/animal s.c. insulin administration on 
alternated days (ID), or with multimixture supplemented diet (MD)

Groups 

Glycemia (mg/dL) Body weigth (g)

5th day after 
diabetes induction

After treatment
5th day after 

diabetes induction
After treatment

NC 106.25 ± 6.64 105.25 ± 6,82 254.13 ± 5.80 300.63 ± 9.25

DC 427.88 ± 20.85a 563.88 ± 47.88a 299 ± 6.00a 189.50 ± 11.68a

MD 429.50 ± 27.43a 536.63 ± 60.25a 236.56 ± 3.72a 192.50 ± 9.96a

ID 367.00 ± 13.52a 528,63 ± 52.95a 233.50 ± 3.86a 223.13 ± 11.10a

The data represent the media ± EPM. ap < 0.05 vs. group NC; bp < 0.05 vs. group D. ANOVA one way/Tukey.
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ation of the diabetes. And at the end of the treatment the diabetic 
groups presented significantly lower body weight (p < 0.001) 
compared to NC, also being observed body weight reduction (p < 
0.05) on DC and MD groups. The weight loss observed at the end 
of the experiment on animals of MD can be justified by the fact 
that the multimixture components, in the proportions they were 
used, do not present effects on glycemic control, thus the animals 
kept uncontrolled diabetes with its characteristic manifestations, 
including weight loss. On the other hand, the animals treated 
with insulin kept a final weight similar to the initial one, showing 
a probable effect of the insulin on metabolic control, reducing the 
weight loss provoked by diabetes, although it was not observed 
an improvement on the glycemic levels by the reasons already 
mentioned.
Concerning serum concentration of the aminotransferases 
(Table II), significantly higher levels (p < 0.05) of AST were found 
on MD group compared to NC, while for ALT significantly higher 
values (p < 0.05) were present in all diabetic groups when com-
pared to NC. The AST and ALT levels express the degree of the 
lesion on the hepatocyte, being ALT a more sensitive indicator of 
hepatoxicity than AST, for AST is found in all body tissues, espe-
cially on heart, liver, bone muscle, kidney, brain, pancreas, leuc-
ocytes, erithrocytes, while ALT is found primarily in the liver and, 
on small amounts, in kidney and heart (22). The increase in ALT 
and AST can be also attributed to the leaking of these enzymes 
on the cytosol of the hepatic cells when there is damage to the 
hepatocyte membrane, resulting in an increase of permeability 
(23). And in animals with diabetes induced by streptozotocin such 
effect could occur as a consequence of the hepatotoxic effect of 
the drug (24).
The increase observed on both transaminases in groups of dia-
betic animals is in accordance with other studies. Such elevation 
could be related to the fact that hyperglycemia resulting of dia-
betes is responsible for decreasing the non-enzymatic antioxidant 
defenses, contributing to the occurrence of cellular and tissue 
damage by the reactive strains of oxygen, which would lead to an 
increase of the lipid peroxidation on the hepatic tissue, provoking 
chances on the hepatic function evidenced by the increase of ALT 
and AST (25). And according to Sorbi et al. (26), the alteration 
in laboratory exams more frequent in animals with NAFLD are 

slight to moderate variations on the values of hepatic enzymes 
like AST and ALT.
Yet, the analysis of the results did not evidence the presence of 
hypoalbuminemia or reduction of total protein concentrations in 
the group of diabetic animals (Table II), suggesting that there were 
no alteration of the hepatic function related to protein synthesis. 
Similar results were presented by Santos et al. (27) that while 
evaluating the influence of multimixture upon mineral bioavail-
ability in non-diabetic laboratory animals, demonstrated that the 
addition of multimixture did not altered the serum values of total 
protein and albumin. It is pointed out that the serum levels of 
total proteins constitute themselves in an approximate measure-
ment of the serum proteins (albumins and globulins) that can 
reveals the nutritional state, presence of kidney and hepatic dis-
ease and many other conditions (28).
Data relative to the activity levels of the catalase and concen-
tration of NPSHG on hepatic tissue are shown in figure 1. It was 
observed that the group ID showed significantly higher catalase 
activity (p < 0.05) when compared to the other studied groups. 
The antioxidant enzymes appear as important constituents of the 
defense system against oxidative damage, and their activity is 
highlighted in situations in which the oxidative activity is increased, 
for example, in diseases like diabetes. The causes of the increase 
in pro-oxidant activity on diabetes are multifactorial and not com-
pletely understood, in which probably the hyperglycemia can 
lead to the increase in production of free radicals through protein 
glycation, glucose self-oxidation and fatty acids oxidation. The 
increased activity of the catalase in group ID in relation to group 
DC evidence a beneficial effect of the treatment with insulin on 
the improvement of the antioxidant system, because it would 
block the action of the free radicals through the reduction of H

2
O

2
 

to H
2
0 and 0

2 
(29).

Concerning the NPSHG on hepatic tissue, the MD and ID groups 
showed significantly higher levels (p < 0.05) of NPSHG com-
pared to NC and DC, being the NPSHG levels of ID higher (p < 
0.001) than those found on MD. The reduced glutathione plays an 
important role in protecting the sulfhydryl groups in membranes, 
in addition to protecting the cell from free radicals and reactive 
strains of oxygen, exerting an important function against the oxi-
dative stress of the diabetes (30). The NPSHG are compounds that 

Table II. Serum levels total proteins, albumin, asparte aminotransferase (ATS), and alanin 
aminitransferase (ALT) of Rattus norvegicus during 50 days with isolated standard diet 

(NC and DC), NPH human 3U/animal s.c. insulin administration (ID), or with multimixture 
supplemented diet (MD)

Groups Total protein (g/dL) Albumin (g/dL) AST (U/mL) ALT (U/mL)

NC 5.9 ± 0.07 3.3 ± 0.04 131.9 ± 9.87 63.3 ± 5.03

DC 5.5 ± 0.24 3.4 ± 0.12 171.6 ± 24.30 215.4 ± 38.13a

MD 5.3 ± 0.14 3.5 ±0.09 267.1 ± 28.19a 248.9 ± 26.51a

ID 5.7 ± 0.22 3.7 ± 0.44 165.4 ± 45.94 200.0 ± 37.67a

The data represent the media ± EPM. ap < 0.05 vs. NC group. ANOVA one way/Tukey.
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can be modified by the action of free radicals, and therefore con-
sidered as oxidative stress measures (31). Therefore, the results 
found here evidence a beneficial effect of the treatments with 
insulin and multimixture, being the effect of insulin greater than 
that of the multimixture. An effect of insulin reducing the effects of 
diabetes and involving an increase on reduced glutathione levels 
was already described by Jain and McVie (32).
Regarding the content of phenolic compounds of the diets sup-
plemented or not with multimixture (Table III), it was not find dif-
ference between the ethereal, alcoholic and aqueous extracts, but 
the ethereal extract of the supplemented diet showed significantly 
higher quantities (p < 0.05) of phenolics when compared to the 
other extracts of the supplemented diet and to the ethereal extract 
of the standard diet as well.
When considering the antioxidant activity in vitro (Table III), all 
the extracts of the standard and supplemented diet showed anti-
oxidant activity evidenced by the capacity of sequestering the free 
radical DPPH and, though not statistically significant, the extract 
that showed the highest percentage of antioxidant activity was 
the aqueous one of the supplemented diet. However, such anti-

oxidant activity determined on the in vitro evaluation seems not 
to be enough to reduce the oxidant stress indicated as one of the 
factors involved in the pathogenesis of DM to attenuate the signals 
and symptoms of the uncontrolled disease found in the groups of 
diabetic animals in this study.
Concerning the analysis of structural aspects of the liver, it was 
observed that the relative weight of the organ on the diabetic 
groups was significantly higher (p < 0.001) in relation to NC group 
(Fig. 2). Such finding could indicate a hepatic burden associ-
ated with diabetes as a possible evidence of the development 
of structural alterations in the liver of diabetic animals through 
time, among which could be those caused by NAFLD. However, 
on the histopathological analysis of the liver using coloration with 
hematoxilin-eosin or Masson trichrome, alterations suggestive of 
hepatic lesion were not found in any of the experimental groups. 
The absence of structural alterations in the animals of the group 
DC can be attributed to the time of exposure to the experimental 
diabetes to which the groups studied here were exposed, which 
seems not to be sufficient to provoke cellular damage, or to the 
fact that the evaluation techniques utilized would not show sensi-

Figure 1. 

Hepatic catalase activity (A) and concentration of non-proteic sulfhydryl groups (NPSHG) (B) at the end of 50 days of treatment of Rattus norvegicus with standar isolated diet 
(NC and DC), NPH human 3U/animal s.c. insulin administration in alternated days (ID) or with multimixture supplement diet (MD).

The data represent the ± EPM media. ap < 0.05 vs. NC group; bp < 0.05 vs. D group and CP < 0.05 vs. I group. ANOVA one way/Tukey.

Table III. Content of phenolic compounds (in equivalents of gallic acid) and antioxidant 
activity (AA) in vitro of extracts of standard diet supplemented or not with multimixture, 

in mg/100 g of humid sample

Phenolic compounds %AA

Extracts Standart diet 
(mg/100 g)

Supplemented diet 
(mg/100 g)

Standart diet 
(mg/100 g)

Supplemented diet 
(mg/100 g)

Ethereal 68.9 ± 6.7 189.2 ± 24.1* 50.8 ± 14.0 64.0 ± 17.1

Alcoholic 62.2 ± 23.2 28.9 ± 6.7a 20.5 ± 6.6 13.3 ± 2.6

Aqueous 42.5 ± 0.2 28.9 ± 6.7a 41.0 ± 8.7 53.8 ± 13.0

*Non-paired t-test p < 0.05 in relation to the same extract of the standard diet. ap < 0.05 in relation to the ethereal extract of the supplemented diet. ANOVA one way/
Tukey.
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tivity enough to identify structural alterations in their early stages. 
Perhaps because of this it was not possible either to verify any 
possible hepatoprotective effect of the supplemented diet with 
multimixture.
Analyzing other aspects related to metabolic control, like food 
consumption, water ingestion and diuresis (Figs. 3 A, B and C), it 
was observed that the diabetic groups (DC, MD and ID) presented 
daily medium values of food and water ingestion and diuresis 
significantly higher (p < 0.05) when compared to those found on 
NC. Such results may be justified by the hyperglycemic and hyper-
catabolic state, which results in weight loss, polyphagia, polyuria 
and polydipsia, symptoms of uncontrolled diabetes.

Figure 2. 

Relative weight of the liver of Rattus norvegicus treated during 50 days with 
standard isolated diet (NC and DC), NPH human 3U/animal insulin administration 
(ID) or with diet supplemented with multimixture (MD).

The data represent the ± EPM media. ap < 0.05 vs. NC group. ANOVA 
one way/Tukey.

The supplementation of the diet with multimixture based on oat, 
linseed, sesame and sunflower seeds did not produce alterations 
that demonstrated hepatoprotective and antioxidant effects with 
efficient repercussions on improving the metabolic control of the 
diabetes induced by streptozotocin.

CONCLUSION

The utilization of the diet supplemented with multimixture showed 
an isolated improvement of the antioxidant activity of the hepatic 
tissue, evidenced by an increase of the non-proteic sulfhydryl 
groups. On the other hand, only the treatment with insulin resulted 
in an improvement of the antioxidant activity concerning the hep-
atic catalase. Complementary studies are necessary to evaluate 
the effects of other proportions of the mixture of cereals, as well as 
their association with medical therapy based on insulin with other 
doses and treatment regime, also including other markers with 
greater sensitivity and specificity to the evaluation of the hepatic 
function and antioxidant activity.
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Abstract
Background: Currently obesity is considered a public health problem, and in most countries has evolved as a pandemic, an increase in prev-
alence and severity.

Objective: To summarize systematic reviews Cochrane and not Cochrane and not evaluating the effect of calcium supplementation in reducing 
body fat in obese people.

Material and methods: A search was performed in the Medline database (1980-September 2015), Meabuscador Tripdatabase and Epistemon-
ikos (until September 2015), Cochrane BVS (to September 2015), was hand searched journal/issue interest searched conference proceedings, 
monitoring was conducted relevant references and contacted experts in the fi eld.

Results: The preliminary search yielded a total of 7163 articles potentially eligible, according to the eligibility criteria include two systematic 
reviews of randomized trials.

Conclusion: Calcium supplementation apparently would be effective in reducing body fat, DM -0.51 (-1.27, 0.25); (p = 0.19), presenting 
“low evidence,” according to the GRADE methodology, this means that “it is very likely that additional research have a signifi cant impact on the 
confi dence of the estimate of effect and is likely to change”.

Resumen
Introducción: actualmente la obesidad es considerada un problema de salud pública, y en la mayor parte de los países ha evolucionado como 
una pandemia, presentando un incremento en su prevalencia y severidad.

Objetivo: resumir las revisiones sistemáticas Cochrane y no Cochrane que evalúen el efecto de la suplementación de calcio en la disminución 
de grasa corporal en personas obesas.

Materiales y métodos: se realizó una búsqueda en la base de datos Medline (1980-septiembre 2015), Metabuscador TripDatabase y Episte-
monikos (hasta septiembre 2015), Cochrane BVS (hasta septiembre 2015), se buscó de forma manual en revistas relacionadas con el tema de 
interés, en actas de congresos, se realizó seguimiento de referencias relevantes y se contactó con expertos en el área.

Resultados: la búsqueda preliminar arrojó un total de 7.163 artículos potencialmente elegibles, según los criterios de elegibilidad incluimos 
2 revisiones sistemáticas de estudios clínicos aleatorizados.

Conclusión: el suplemento de calcio al parecer sería efectivo en la disminución de grasa corporal, DM -0,51 (-1,27, 0,25); (p = 0,19), presen-
tando “baja evidencia” según la metodología GRADE, esto quiere decir que “es muy probable que investigaciones adicionales tengan un impacto 
importante en la confi anza de la estimación del efecto y es probable que cambie”.
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INTRODUCCIÓN

La obesidad (OB) es una enfermedad crónica, secundaria a la 
incapacidad del tejido adiposo subcutáneo de adaptarse a un 
balance energético positivo, que ocurre cuando la ingesta de 
energía supera el gasto energético (1-5), por lo que se produce 
un almacenamiento en exceso del tejido adiposo en el organismo 
(6,7), secundario al aumento significativo de los adipocitos (hiper-
trofia) o del número de adipocitos (hiperplasia) (6). 
Actualmente la OB es considerada un problema de salud pública, 
y en la mayor parte de los países ha evolucionado como una 
pandemia, presenta un incremento en su prevalencia y severidad 
(1,8,9). La causa principal radica en el cambio de estilo de vida 
de la sociedad moderna (9), convirtiéndose en los últimos años, 
en uno de los problemas socio-sanitarios de salud más común 
en los países desarrollados y en vías de desarrollo alrededor del 
mundo (10,11), lo que está generando extraordinarias implican-
cias sociales y económicas. La obesidad es por sí misma un factor 
de riesgo de enfermedades metabólicas y cardiovasculares, que 
predispone frecuentemente a otros factores de riesgos (1,8,11). 
Además, produce una reducción significativa de la esperanza 
de vida, relacionada con el aumento de las tasas de mortalidad 
(6,8,12,13). Se ha podido identificar una asociación inversa entre 
el peso, índice de masa corporal, grasa corporal, la ingesta de 
calcio en la dieta y obesidad (14,15).
La importancia de realizar un overview o resúmenes de revisiones 
sistemáticas, radica principalmente en poder agrupar la evidencia 
existente frente a distintas revisiones sistemáticas de estudios 
clínicos aleatorizados, resumir esta información y poder encontrar 
el equilibrio en los resultados de estas para poder lograr la mejor 
toma de decisión clínica por parte de los profesionales del área 
de la salud. Por tal motivo, surge la pregunta de investigación: 
“en personas adultas obesas, ¿pueden los suplementos de calcio 
reducir la gasa corporal?”.

OBJETIVO

Resumir las revisiones sistemáticas Cochrane y no Cochrane que 
evalúen el efecto de la suplementación de calcio para la disminu-
ción de la grasa corporal en personas obesas. 

MATERIALES Y MÉTODOS

MÉTODOS

Criterios para considerar las revisiones sistemáticas en este over-
view.

Tipos de estudios

Sólo se incluirán revisiones sistemáticas de estudios clínicos 
aleatorizados.

Tipos de participantes

–  Criterios de inclusión. Solo revisiones sistemáticas de estudios 
clínicos aleatorizados que involucren a personas adultas con 
diagnóstico de obesidad. Deben presentar estado nutricional 
de obesidad, diagnosticada según Índice de masa corporal 
(IMC), > 30 kg/m2. (Clasificación según Organización Mundial 
de la Salud) (2,4-7).

–  Criterios de exclusión. No se incluirán revisiones sistemáti-
cas de otros tipos de estudios con diseño distinto a estudios 
clínicos aleatorizados. Además serán excluidos deportistas y 
embarazadas con estado nutricional de obesidad.

Tipos de intervención

Revisiones sistemáticas de estudios clínicos aleatorizados que 
involucren suplementación oral de calcio.
El calcio suplementado no debe presentar combinaciones de cal-
cio y otros suplementos nutricionales.

Outcome primarios

Revisiones sistemáticas de estudios clínicos aleatorizados, que 
hayan utilizado una o más de las siguientes medidas de resul-
tado:
–  Disminución de la grasa corporal (impedancia bioeléctrica).

Outcome secundarios

–  Disminución de la circunferencia de cintura (medición de cir-
cunferencia de cintura en centímetros).

–  Cualquier efecto adverso.

MÉTODO DE BÚSQUEDA PARA LA 
IDENTIFICACIÓN DE REVISIONES 
SISTEMÁTICAS

Se realizó una búsqueda sensible (16) para la identificación 
de las revisiones sistemáticas en MEDLINE (1980-junio 2015): 
((((((“Obesity”[Mesh]) OR “Obesity”)) AND (((Weight Loss) OR “Wei-
ght Loss”[Mesh]) OR Weight Reduction)) AND (((“Calcium”[Mesh]) 
OR “Calcium”) OR Factor IV, Coagulation))) AND systematic[Title/
Abstract]. En el Metabuscador Epistemonikos se realizó una bús-
queda hasta junio de 2015, con los siguientes términos: “obesity”; 
“weight loss”.
En TripDatabase (hasta septiembre de 2015), utilizando la siguien-
te estrategia de búsqueda: (((“Obesity”[Mesh] OR “Obesity”[All 
Fields]) AND (((“weight loss”[MeSH Terms] OR (“weight”[All Fields] 
AND “loss”[All Fields]) OR “weight loss”[All Fields]) OR “Weight 
Loss”[Mesh]) OR (“weight loss”[MeSH Terms] OR (“weight”[A-
ll Fields] AND “loss”[All Fields]) OR “weight loss”[All Fields] OR 
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(“weight”[All Fields] AND “reduction”[All Fields]) OR “weight 
reduction”[All Fields]))) AND ((“Calcium”[Mesh] OR “Calcium”[A-
ll Fields]) OR (“calcium”[MeSH Terms] OR “calcium”[All Fields] 
OR (“factor”[All Fields] AND “iv”[All Fields] AND “coagulation”[All 
Fields])))) AND systematic[Title/Abstract]. No hubo restricción de 
idioma. Las búsquedas en las bases de datos fueron realizadas 
por dos investigadores de forma independiente (JP-SP). En caso 
de existir alguna discrepancia, un tercer autor actuaba como 
árbitro (RA).
Se realizó una búsqueda manual desde el año 1999 a septiem-
bre de 2015, en las siguientes revistas electrónicas: Nutrición 
Clínica y Dietética Hospitalaria, Revista Salud Pública y Nutri-
ción, Revista Colombiana de Metabolismo y Nutrición Clínica, 
Jornada de Nutrición Nutriguía, Nutriguía para Todos, Revistas 
Académicas, Revista Cubana de Alimentación y Nutrición, Nutri-
ción 21, Revista Chilena de Nutrición, Revista Médica Clínica las 
Condes, PULEVA Salud, Revista Española de Nutrición Humana 
y Dietética, Revista Salud Pública y Nutrición, Revista Nutricion 
Clínica, Revista de Endocrinología y Nutrición, Nutrición Clínica 
y Dietética Hospitalaria, Revistas Académicas, Revista Cubana 
de Alimentación y Nutrición, Nutrición y Vida, Revista Chilena 
de Nutrición, ReNut, Saber Alternativo y Nutricion Clínica en 
Medicina.
Se buscó en actas de los siguientes congresos: I Jornada 
Nacional de Formación y Educación para la Salud (2007), 
XIX Congreso Argentino de Nutrición (2013), VIII Congreso Inter-
nacional Nutrición, Alimentación y Dietética (2013), V Congreso 
nacional de Nutrición Clínica y Metabolismo (2009), VI Con-
greso Nacional de Nutrición Clínica y Metabolismo (2011), VII 
Congreso Nacional de Nutrición Clínica y Metabolismo (2013). 
Además buscamos en Cochrane BVS (hasta septiembre de 
2015), en Google Académico (hasta septiembre de 2015) y 
en tesis electrónicos (hasta septiembre de 2015) http://www.
tesis.uchile.cl/.

ANÁLISIS Y RECOLECCIÓN DE DATOS

Dos autores (PJ y CS) de forma independiente, extrajeron los 
datos, valoraron la calidad metodológica y evaluaron la calidad 
global de la evidencia. En caso de existir discrepancias, un tercer 
autor (RA) actuaba como árbitro. 
La calidad metodológica de las revisiones sistemáticas de estu-
dios clínicos aleatorizados incluidas, fueron analizadas con la 
herramienta de AMSTAR (18) (Tabla I). AMSTAR es una herra-
mienta válida, fiable y fácil de usar. Consta de 11 ítems y tiene la 
validez de contenido para medir la calidad metodológica, además 
de la fiabilidad de las revisiones sistemáticas; a cada uno de los 
11 ítems, se le asigna una puntuación de 1 si cumple el criterio 
específico, o una puntuación de 0 si no cumple el criterio, no es 
clara, o no es aplicable. La interpretación de la valoración crítica, 
se divide en tres niveles: 8 a 11 puntos es de alta calidad, de 4 
a 7 puntos es de mediana calidad, y de 0 a 3 puntos es de baja 
calidad. La calidad global de la evidencia fue evaluada utilizando 
la metodología GRADE (18).

RESULTADOS

De acuerdo con los criterios para realizar el overview de revisio-
nes sistemáticas de estudios clínicos aleatorizados, la búsqueda 
preliminar identificó 7.163 revisiones sistemáticas potencialmente 
elegibles (Fig. 1). Al aplicar los límites de búsqueda de los criterios 
de selección, quedaron incluidas 2 revisiones sistemáticas de 
estudios clínicos aleatorizados (14,19).
Se valoró la calidad metodológica mediante la herramienta de 
AMSTAR (Tabla II), según la evaluación realizada por los autores 
(PJ-CJ) el artículo de Schrager (14) presentó baja calidad meto-
dológica; la investigación realizada por Onakpoya (19), presentó 
alta calidad metodológica (bajo riesgo de sesgo).

DISCUSIÓN

Realizamos una síntesis de la evidencia actual, donde se intentó 
resumir toda la evidencia existente en las revisiones sistemáticas 
Cochrane y no Cochrane, buscando la efectividad y beneficios 
asociados al consumo de suplementos de calcio en la disminución 
de grasa corporal en personas obesas. 
Debido a la gran cantidad de estudios primarios incluidos en las 
revisiones sistemáticas existentes, la disparidad en sus inter-
venciones estudiadas, las medidas de resultado o desenlace de 
interés utilizadas (outcome), seguimiento de los participantes y el 
tratamiento estadistico de las variables, hicieron bastante comple-
ja la extracción de los datos de interés. Por tal motivo, se decidió 
acotar la investigación según los criterios de inclusión como la 
valoración de los resultados de interés (primarios y secundarios).
Según los criterios de elegibilidad, solo incluimos 2 revisiones 
sistemáticas de estudios clínicos aleatorizados. En el momento de 
evaluar la heterogeneidad de los estudios que analizaban nuestra 
comparación de interés: suplemento de calcio versus placebo, 
resultado de interés Índice de masa corporal; I2 = 44% (hetero-
geneidad moderada). Se consideró razonable su metaanalización.
En base a la evaluación del riesgo de sesgo de las revisiones 
sistemáticas incluidas (riesgo de sobreestimar o subestimar los 
resultados) realizada por los autores de la presente revisión, pre-
sentan bajo riesgo de sesgo Onakpoya (19), mientras que la RS 
de Schrager (14) fue calificada de alto riesgo de sesgo (Tabla II).
En la actualidad no existe ningún overview de revisiones siste-
máticas que evalúe la efectividad de la suplementación de calcio 
para la reducción de grasa corporal en personas con obesidad, 
considerando la existencia de RS de ECA que presentan contra-
dicciones en relación a su efectividad.
La evidencia actual basada en revisiones sistemáticas de estu-
dios clínicos aleatorizados han establecido que el suplemento de 
calcio podría ser superior que el placebo en la reducción de grasa 
corporal presentando una diferencia de medias DM -0,51 (-1,27, 
0,25); (p = 0,19) y al parecer no presentaría eventos adversos, 
por tal motivo, se podría recomendar como un complemento a un 
tratamiento y no como una intervención de primera línea.
Los objetivos de las RS incluidas estaban orientados a ver la 
efectividad del suplemento de calcio versus otras intervenciones, 
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Tabla I. AMSTAR herramienta de medición para evaluar revisiones sistemáticas 

1. ¿Se brindó un diseño “a priori”?
La pregunta de la investigación y los criterios de inclusión deberían establecerse antes de llevar a cabo la revisión

Sí
No
No responde
No corresponde

2. ¿Hubo duplicación en la selección de estudios y extracción de datos? 
Debería haber al menos dos personas independientes a cargo de la extracción de datos, y debería existir un 
procedimiento consensuado para los desacuerdos

Sí
No
No responde
No corresponde

3. ¿Se realizó una búsqueda exhaustiva de literatura?
Deberían consultarse al menos dos fuentes electrónicas. El informe debe incluir los años y las bases de datos utilizadas 
(p. ej. Central, EMBASE y MEDLINE). Deben especificarse las palabras clave y/o los términos MESH y, de ser posible, debe 
proveerse la estrategia de búsqueda. Todas las búsquedas deberían ser complementadas con consultas a contenidos 
actuales, revisiones, libros de textos, registros especializados, o expertos en el campo particular de estudio, y mediante la 
revisión de las referencias en los estudios encontrados

Sí
No
No responde
No corresponde

4. ¿Se utilizó el estado de publicación (es decir, literatura gris) como criterio de inclusión?
Los autores deberían especificar que buscaron informes sin tener en cuenta el tipo de publicación. Los autores deberían 
especificar si excluyeron o no algún informe (de la revisión sistemática), en función del estado de publicación, idioma, etc.

Sí
No
No responde
No corresponde

5. ¿Se brindó una lista de estudios (incluidos y excluidos)?
Debería proveerse una lista de estudios incluidos y excluidos

Sí
No
No responde
No corresponde

6. ¿Se brindaron las características de los estudios incluidos?
De manera adjunta, como una tabla, deberían proveerse los datos de los estudios originales sobre los participantes, las 
intervenciones y los resultados. Deberían informarse los rangos de las características en todos los estudios analizados, 
por ejemplo, la edad, la raza, el sexo, los datos socioeconómicos relevantes, el estado de enfermedad, la duración, la 
severidad, o cualquier otra enfermedad

Sí
No
No responde
No corresponde

7. ¿Se evaluó y documentó la calidad científica de los estudios incluidos?
 Deberían proveerse métodos “a priori” (por ejemplo, para estudios de efectividad si el autor o los autores eligen incluir 
solo estudios aleatorizados, de doble ciego, controlados con placebo, u ocultamiento de las asignaciones como criterios 
de inclusión). Para otros tipos de estudios, serán relevantes los ítems alternativos

Sí
No
No responde
No corresponde

8. ¿Se utilizó de manera adecuada la calidad científica de los estudios incluidos al formular las conclusiones?
El rigor metodológico y la calidad científica de los estudios deberían considerarse en el análisis y las conclusiones de la 
revisión, y plantearse explícitamente al formular las recomendaciones

Sí
No
No responde
No corresponde

9. ¿Fueron adecuados los métodos utilizados para combinar los hallazgos de los estudios?
Para los resultados conjuntos, debería hacerse una prueba para garantizar que los estudios pudieron combinarse y 
para evaluar sus homogeneidad (es decir, la prueba chi-cuadrado para la homogeneidad, I²). Si existe heterogeneidad 
debería utilizarse un modelo de efectos aleatorios y/o debería considerarse lo adecuado de la combinación (es decir, ¿fue 
adecuado combinar los resultados?)

Sí
No
No responde
No corresponde

10. ¿Se valoró la probabilidad de sesgo de publicación?
Una evaluación de sesgo de publicación debería incluir una combinación de ayudas gráficas (p. ej. un gráfico en embudo 
–funnel plot– , otras pruebas disponibles) y/o pruebas estadísticas (p. ej. prueba de regresión de Egger)

Sí
No
No responde
No corresponde

11. ¿Se planteó el conflicto de intereses?
Deberían reconocerse claramente las fuentes posibles de apoyo tanto en la revisión sistemática como en los estudios 
incluidos

Sí
No
No responde
No corresponde
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presentando criterios de elegibilidad bastante acotados, estrate-
gias y límites de búsqueda, siendo totalmente diferentes a los de 
nuestro trabajo (Tabla III). Esto es debido a que un overview trata 
de ser lo más extenso posible dentro de sus criterios y búsqueda, 
tratando de abarcar la mayor cantidad de trabajos posibles para 
luego entregar la información resumida y de fácil comprensión.

CONCLUSIÓN

Al comparar el suplemento de calcio comparado con placebo en 
la reducción de grasa corporal, presentó una DM -0,51 (-1,27, 
0,25); (p = 0,19), siendo no estadísticamente significativo. Según 
los niveles de evidencia del grupo de trabajo GRADE, el resultado 
de interés fue categorizado como “baja evidencia”, esto quiere 
decir que “es muy probable que investigaciones adicionales ten-
gan un impacto importante en la confianza de la estimación del 
efecto y es probable que cambie”. Creemos que los resultados 
expuestos en nuestro overview (resumen de revisiones sistemá-
ticas) no deberían ser fundamento para que los clínicos basen 
su decisión en la aplicación o en la no utilización de este suple-
mento en personas con obesidad. Pese a lo extenso de nuestros 
criterios en la búsqueda de literatura científica, siempre existe la 
posibilidad de que no se haya podido identificar algún estudio. Aún 
así, siempre se debe considerar la probabilidad de que existan 
estudios con dificultad en su indexación que hayan quedado fuera 
de nuestro overview. 

Tabla II. Evaluación y valoración de AMSTAR

Suplementación de calcio para la disminución de peso en personas con obesidad

Autor 1 2 3 4 5 6 7 8 9 10 11 Puntaje

Sarina Schrager, 2005 (22) N N N N N S N N N N N 1

Igho J Onakpoya, 2011 (27) S S S S N S S S S S S 10

La puntación máxima en AMSTAR es de 11, de 0-4 indica que el examen es de baja calidad, 5-8 de calidad moderada y 9-11 de alta calidad.
S: sí; N: no; NR: no responde; NC: no corresponde.

Búsqueda en base de 
datos:
–  Medline/PubMed: 7
–  Epistemonikos: 7.084
–  Tripdatabase: 23
–  Cochrane BVS: 4
–  Google Académico: 16
–  Búsqueda manual: 10
–  Actas de congreso: 6
–  Tesis: 13

7.163 artículos 
potencialmente elegibles

4 artículos seleccionados

2 artículos seleccionados 
en el overview

7.159 artículos excluidos 
por título y términos de 
búsqueda

2 artículos excluidos por 
encontrarse duplicados

Figura 1. 

Algoritmo de búsqueda.

Resumen de las revisiones sistemáticas incluidas en el overview

Autor Objetivo Conclusión

Schrager (22) Revisar los datos epidemiológicos que apoyan una relación 
entre la ingesta de calcio en la dieta y la obesidad, explicar 
la base fisiopatológica para tal relación y presentar algunos 

datos recientes de apoyo en los seres humanos

El calcio de los productos lácteos parece tener un mayor 
impacto que el calcio de los suplementos dietéticos. 
Proveedores de atención primaria deberían incluir 

recomendaciones sobre la ingesta adecuada de calcio en el 
asesoramiento dietético estándar sobre el control de peso

Onakpoya (27) Evaluar críticamente la evidencia de los ensayos clínicos 
aleatorios (ECA), sobre la eficacia de los suplementos de 

calcio para la reducción de peso corporal en los individuos 
con sobrepeso y obesidad

La evidencia de los ensayos clínicos aleatorios, sugiere 
que la administración de suplementos de calcio genera la 

perdida pequeña de peso, estadísticamente significativo, en 
los individuos con sobrepeso y obesidad, pero la relevancia 

clínica de este hallazgo es incierta
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Abstract
Introduction: Infertility rate is globally increasing. It is estimated that approximately 15% of couples in reproductive age have troubles conceiving. 
Half of these couples present with problems related to male infertility or subfertility, alone or in combination with female problems. During the 
last decade, infertility has been studied from a multifactorial perspective, which includes interactions between different genetics, epigenetics, 
biochemical and physiological situations of the patients.

Objective: The present review aims to describe epigenetic mechanisms that can be modulated by nutritional aspects and which are related to 
the aetiology of male infertility and transgenerational inheritance.

Materials and method: Extensive search of scientifi c publications was performed in specialized electronic databases: NBCI, Elsevier, Scielo, 
Scirus and Science Direct.

Results and conclusion: Several published works have shown the importance of nutritional status in man’s fertility, and more specifi cally, the 
ability of diet components to modify the epigenetic profi les, affecting not only their fertility, but also increasing the possibility to be transmitted to 
the offspring. This mechanism has been called transgenerational inheritance.

Resumen
Introducción: la infertilidad es un problema global en aumento. Se estima que aproximadamente un 15% de las parejas en edad reproductiva 
tiene difi cultades a la hora de concebir. De estas, alrededor de la mitad presentan uno o varios factores masculinos asociados a infertilidad o 
subfertilidad, aislados o en combinación con problemas de origen femenino. Durante la última década se ha empezado a estudiar la infertilidad 
desde una perspectiva multifactorial, considerando las interacciones y conexiones entre diferentes situaciones genéticas, epigenéticas, bioquí-
micas y fi siológicas del paciente.

Objetivo: la presente revisión pretende describir mecanismos epigenéticos que pueden ser modulados mediante aspectos nutricionales y que 
están relacionados con la etiología de la infertilidad masculina y con la herencia transgeneracional de este fenotipo.

Material y métodos: se ha realizado una extensa búsqueda de publicaciones científi cas en las principales bases de datos electrónicas espe-
cializadas: NBCI, Elsevier, Scielo, Scirus y Science Direct.

Resultados y conclusión: varios trabajos que muestran la importancia del estado nutricional en la fertilidad del hombre y, más específi camente, 
la capacidad de los componentes de la dieta para modifi car los perfi les epigenéticos que no únicamente pueden afectar a su fertilidad, sino que 
también pueden ser transmitidos a la descendencia mediante lo que se ha denominado herencia transgeneracional, ocasionándoles problemas 
de salud diversos entre los que también se hallan problemas en la fertilidad.



1237FACTORES NUTRICIONALES Y NO NUTRICIONALES PUEDEN AFECTAR LA FERTILIDAD MASCULINA MEDIANTE 
MECANISMOS EPIGENÉTICOS

[Nutr Hosp 2016;33(5):1236-1244]

INTRODUCCIÓN

La infertilidad es una condición multifactorial y patológica que 
afecta aproximadamente al 15% de las parejas en edad repro-
ductiva (1). Se define como la incapacidad de una pareja de con-
seguir o completar un embarazo de forma espontánea tras un 
periodo de un año manteniendo relaciones sexuales sin medidas 
anticonceptivas (2). Aproximadamente en el 40-50% de los casos 
la causa de la infertilidad es atribuible, total o parcialmente, al 
varón (3). La infertilidad masculina es un trastorno multifactorial y 
poligénico, donde interaccionan factores genéticos y epigenéticos 
con factores ambientales (Tabla I). Una revisión del año 2007 
(4) indicaba que la infertilidad asociada a causas genéticas se 
presenta aproximadamente en un 15% de los varones infértiles. 
Hasta el presente, se conocen más de 139 variantes genéticas 
asociadas con infertilidad masculina, aunque estas solo repre-

sentan una fracción muy pequeña de los 2.300 genes asociados 
con la espermatogénesis (5). Sin embargo, estos estudios con 
marcadores genéticos no pueden dar cuenta completamente de la 
heredabilidad de la infertilidad masculina. Esto puede ser, en par-
te, debido a la naturaleza poligenética de la infertilidad masculina, 
en donde diferentes variantes de la secuencia de ADN ejercen 
un pequeño efecto y por las cuales se necesita una población de 
análisis muy amplia para detectarla o debido a las modificaciones 
y alteraciones epigenéticas (Fig. 1). Se puede definir epigenética 
como la herencia de la actividad del ADN que no depende de la 
secuencia per se sino de las modificaciones químicas del ADN y 
de las proteínas reguladoras adyacentes (6). Las marcas epigené-
ticas más conocidas son la adición de un grupo metilo al ADN en 
la citosina del dinucleótido CpG en sentido 5’-3’ (6). En el varón, 
las metilaciones del ADN son especialmente importantes durante 
la espermatogénesis, la cual consiste en una serie coordinada de 

Tabla I. Causas de la infertilidad masculina
Causas Descripción Ejemplos

Genéticas
Anomalías genéticas asociadas con 

alteraciones de la fertilidad
Aneuploidías de los cromosomas sexuales; mutaciones en genes 
implicados en espermatogénesis (SYCP3, TEX11, AZFc, NR5A1...)

Epigenéticas
Anomalías en el epigenoma, asociadas 

a exposición a factores ambientales, que 
causan infertilidad o subfertilidad

Exposición durante la etapa adulta a hábitos de vida o tóxicos 
ambientales que producen alteraciones en el epigenoma

Epigenética: herencia 
transgeneracional

Fenotipos alterados en la descendencia 
debida a epimutaciones en la línea 

germinal del progenitor

Exposición durante el desarrollo o la etapa adulta a tóxicos 
ambientales (vinclozina, BPA, DTT, metoxiclorina) que pueden 
provocar alteraciones en el epigenoma del espermatozoide

Hábitos de vida/exposición 
ocupacional

Hábitos o exposiciones que causan 
alteraciones en la fertilidad del individuo, 

potencialmente reversibles

Incremento constante de la temperatura escrotal (sauna, uso de 
ropa interior ajustada…); obesidad; tabaquismo; uso de drogas; 
exposición a insecticidas, pesticidas o contaminantes orgánicos

 Adaptada de la referencia 58.

Figura 1. 

Epigenoma del espermatozoide: el mensajero de experiencias y exposiciones ancestrales (55).
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eventos que empiezan con la división por meiosis de la esperma-
togonia, la cual produce espermátidas haploides, seguida, de un 
proceso de diferenciación de las espermátidas a espermatozoides 
maduros (7). Por ejemplo, patrones aberrantes de metilación en 
los genes de las células germinales masculinas (e.g. gen MTHFR, 
del inglés Methylene tetrahydrofolate reductase) resultan en pro-
cesos de embriogénesis alteradas y en alteraciones en la capa-
cidad fertilizante de los individuos afectados (8). Otra marca epi-
genética estudiada es la modificación de las proteínas llamadas 
histonas. En general, las modificaciones que pueden padecer las 
histonas incluyen acetilaciones, metilaciones, ubicuitinizaciones, 
sumolaciones y fosforilaciones. Aunque la presencia de histonas 
en el espermatozoide maduro es muy inferior a la de las células 
somáticas (9), su metilación temporal es esencial para la progre-
sión de la espermatogénesis. Así por ejemplo, una reducción en 
la actividad de la enzima H3K4 metiltransferasa en la histona H3 
provoca una disminución muy importante del número de esper-
matocitos, mediada por procesos de apoptosis, que culmina en 
una interrupción de la espermatogénesis (10). Recientemente se 
ha descubierto que la actividad anormal de los pequeños ARN 
no codificantes (ARN de ~22 nucleótidos, sncARN), así como los 
ARN no codificantes de cadena larga, y los ARN antisentido, entre 
otros, pueden alterar la espermatogénesis o producir retrasos 
importantes en el desarrollo embrionario (11).

Los cambios epigenéticos presentan una gran plasticidad y 
responden a las señales ambientales, incluyendo la dieta. Se ha 
demostrado que la ingestión de grasa saturada en varones ejerce 
no solamente una actividad lipémica y aterogénica mediante la 
regulación de la expresión de diferentes genes asociados con el 
sistema inmunológico y el metabolismo energético, sino también 
mediante la inducción de cambios en el patrón de metilación de 
islas CpG del ADN de genes como IGF2 (12), y la modulación 
de la expresión de algunos microARN (por ejemplo, miR-122) 
en adultos (microARN que, a su vez, están asociados con la 
gametogénesis masculina) (13). Además, se sabe también que 
los componentes de la dieta pueden modular la disponibilidad 
de grupos metil para las reacciones de metilación (7). Hasta el 
momento, son pocos los estudios que describen el efecto de 
la ingestión de diferentes tipos de nutrientes sobre las modi-

ficaciones epigenéticas y la expresión de los genes asociados 
con la fertilidad masculina. Existe, pues, la necesidad de con-
trastar los datos públicos e ilustrar la relación entre la ingestión 
de ciertos nutrientes, especialmente micronutrientes y grasas 
saturadas, y las modificaciones epigenéticas asociadas con la 
fertilidad masculina. Así, el objetivo del presente estudio es rea-
lizar una revisión de los estudios más recientes para describir 
mecanismos epigenéticos, especialmente la metilación del ADN, 
modificación de las histonas y rol de los ARN no codificantes, que 
pueden ser modulados mediante aspectos nutricionales y que 
están relacionados con la etiología de la infertilidad masculina y 
con la herencia transgeneracional de este fenotipo.

MÉTODOS

Para la realización de esta revisión se seleccionaron artículos 
publicados antes del 1 de julio de 2015 y que se encontraron al 
realizar diversas búsquedas en PubMed (http://www.ncbi.nlm.nih.
gov/pubmed). Los datos utilizados se extrajeron de los  artículos 
seleccionados, así como artículos secundarios identificados 
durante la lectura de estos. Las palabras clave utilizadas duran-
te las diferentes búsquedas realizadas fueron: “male infertility”, 
“male infertility and genetics”, “male infertility and obesity”, “male 
infertility and diet”, “epigenetics” “male infertility and epigenetics” 
y “obesity and epigenetics”.

RESULTADOS Y DISCUSIÓN

El epigenoma puede alterarse dependiendo de las condiciones 
ambientales a las que esté expuesto el individuo. Esto puede 
provocar alteraciones en la fertilidad del individuo, y es posible 
que la descendencia de estos individuos pueda desarrollar pato-
logías que vendrán determinadas por el epigenoma heredado 
(14). En la tabla II se presentan los genes más importantes en 
los que se han detectado alteraciones epigenéticas en individuos 
infértiles, mientras que en la tabla III se precisan las funciones 
de las principales enzimas modificadoras del epigenoma durante 

Tabla II. Lista de modificaciones epigenéticas encontradas en varones infértiles 
Gen/proteína Alteración e infertilidad masculina

MTHFR Hipermetilación resulta en baja calidad espermática e infertilidad

PAX8, NTF3, SFN, HRAS Hipermetilación se asocia a baja concentración espermática, movilidad y morfologías anormales 

JHM2DA Knockouts resultan en un mal empaquetamiento del ADN y pueden ocasionar infertilidad

IGF2*, H19* Hipometilación se asocia a baja concentración espermática

RASGRF1* Hipermetilación de la región imprintada se asocia a parámetros seminales alterados

GTL2* Hipermetilación de la región imprintada se asocia a parámetros seminales alterados

PLAG1*, D1RAS3*, MEST * Hipermetilación de la región imprintada se asocia a parámetros seminales alterados

KCNQ1*, LIT1*, SNRPN* Hipermetilación de la región imprintada se asocia a parámetros seminales alterados

*Genes con impronta genética. Adaptada de la referencia 59.
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la espermatogénesis y las consecuencias fenotípicas de su des-
regulación. Los resultados detallados de estos experimentos se 
exponen en tres diferentes subsecciones y en función del tipo 
de marca epigenética, desde las metilaciones, pasando por les 
acetilaciones y el rol de los ARN no codantes. En el varón, estos 
cambios epigenéticos pueden producirse en tres niveles dife-
rentes: a) testículos; b) epidídimo; y c) espermatozoide. A nivel 
testicular, los cambios epigenéticos pueden alterar los procesos 
de protaminación y en la cantidad y expresión de genes y ARN 
no codantes durante la espermiogénesis. Paralelamente, a nivel 
epididimal, los cambios epigenéticos pueden afectar la capacidad 
fecundante del individuo a través de cambios en el microambiente 
en el cual los espermatozoides realizan el proceso de maduración. 
Finalmente, estudios recientes demuestran que el espermatozoide 
puede transmitir también información epigenética a las genera-
ciones siguientes (revisado en la cita bibliográfica 15 (15).

LA ALTERACIÓN DE LOS PATRONES 
DE METILACIÓN DURANTE LA 
ESPERMATOGÉNESIS PUEDE AFECTAR  
LA FERTILIDAD MASCULINA

Las marcas epigenéticas más estudiadas son la adición de un 
grupo metilo al ADN. Según definición de Takai y Jones (16), las 
islas CpG son regiones de ADN con más de 500 pares de bases, 

en donde el contenido de nucleótidos G+C es igual o superior al 
55% y donde el ratio entre dinucleótidos CpG observados y los 
dinucleótidos CpG esperados es superior a 0,65. En mamíferos, 
estas islas CpG se encuentran en las regiones promotoras de 
aproximadamente el 40% de los genes. El proceso de metilación 
del ADN es consecuencia de la acción de las enzimas DNMT 
(DNA methyltransferase, en inglés). Esta familia de proteínas 
incluye tanto miembros catalíticos, responsables de la metila-
ción de novo, como proteínas encargadas del mantenimiento de 
estas marcas epigenéticas. Las enzimas DNMT3a, DNMT3b y 
DNMT3L (DNA methyltranferase 3a, 3b y 3L, respectivamente) 
son las encargadas de la metilación de novo en los espermato-
zoides de mamíferos. Las dos primeras catalizan la reacción de 
metilación, mientras que DNMT3L facilita la acción de DNMT3a 
y DNMT3b y coordina el correcto emplazamiento de las marcas 
de metilación (17). La importancia de la metilación para la ferti-
lidad del individuo se demuestra en estudios realizados en rato-
nes knockout para alguno de estos genes. En estos estudios, la 
disrupción del gene DNMT3L ocasiona infertilidad en el individuo 
portador (18) (Tabla III). Además, aunque la fertilización puede 
ocurrir en ausencia del correcto establecimiento y mantenimien-
to de la metilación del ADN, el embrión resultante es incapaz 
de desarrollarse adecuadamente (19). En otra serie de estudios, 
también realizados en modelo ratón, se analizó la función de la 
enzima histona demetilasa JHMD2A(20), la cual juega un papel 
importante tanto en infertilidad masculina como en obesidad (20). 
En particular, los autores de este estudio describieron cómo JHD-
M2A se une directamente a las regiones promotoras de dos genes 
vitales para el correcto empaquetamiento del ADN en el núcleo 
del espermatozoide: el gen Tnp1 (proteína de transición nuclear) 
y el gen Prm1 (protamina 1). La unión de JHDM2A induce su 
activación transcripcional al desmetilar los residuos en H3K9 (21). 
Si el empaquetamiento no se realiza correctamente, se altera la 
fertilidad (9). Además, esta enzima regula también la transcripción 
de genes implicados en el metabolismo de los lípidos, de mane-
ra que ratones knockout para esta proteína exhibían obesidad e 
hiperlipidemia (20). Entre los genes regulados por JHDM2A se 
halla PPARα (del inglés Peroxisome proliferator-activated receptor 
alpha). Finalmente, estudios realizados en humanos han demos-
trado que estados de hipermetilación aberrantes en determinados 
loci se relacionan con parámetros seminales alterados: baja o 
nula concentración espermática (oligospermia y azoospermia) y 
movilidad y morfología alterada (8,22) (Tabla II). Entre los genes 
en los que se detectó esta hipermetilación se encuentran MEST 
(21), LIT1 (23), KCNQ1 (23,24), PAX8 (22), NTF3 (22), SFN (22), 
HRAS (22) y MTHFR (8,25,26). En otro estudio, realizado en varo-
nes humanos infértiles, se demostró que niveles anormalmente 
elevados de metilación del promotor del gen MTHFR en testículo 
(niveles que no se correspondían con los hallados en sangre) se 
asocian a una mayor probabilidad de presentar infertilidad (25).

Los patrones de hipometilación en ciertos genes también pue-
den provocar desequilibrios en el proceso de la maduración del 
espermatozoide. Durante la espermatogénesis, existen procesos 
epigenéticos que incluyen una masiva y activa desmetilación del 
genoma para asegurar una reiniciación específica de sexo combi-

Tabla III. Funciones de las principales enzimas 
modificadoras del epigenoma durante la 

espermatogénesis y efecto fenotípico de su 
disfunción en modelo animal

Gen /
proteína

Función
Fenotipo 

(referencia)

MTHFR
Mantenimiento del pool de los 

donantes de grupo metilo
Infertilidad 

DNMT1
Mantenimiento de la metilación 

del ADN
Esterilidad 

DNMT3L Cofactor DNMT3a Esterilidad

SWI/SNF, ISWI Remodelación de la cromatina Infertilidad

JHDM2A Remodelación de la cromatina Infertilidad

G9a Metilación de las histonas Esterilidad 

MII2 (HMT) Metilación de las histonas Esterilidad

LSD1/KDM1 Desmetilación de las histonas Infertilidad

HATs Acetilación de las histonas 

Subfertilidad 
y posible 

azoospermia en 
humanos

MYST Acetilación de las histonas Infertilidad

HDAC Deacetilación de las histonas Esterilidad

SIRT1 Deacetilación de las histonas Infertilidad

Adaptada de las referencias 11 y 60.
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nando la metilación del ADN y las modificaciones de las histonas 
(7). Estudios realizados en ratón han demostrado que la desregu-
lación del patrón de metilación en las células germinales puede 
resultar en la ausencia del vaso deferente o en azoospermia (27).

Relacionado con el nivel de metilación del ADN, encontramos 
el concepto de la “impronta genética” (28). El concepto describe 
la herencia de la información epigenética específica de uno de 
los progenitores. Esta impronta genética nos lleva al concepto 
de herencia epigenética transgeneracional. Grosso modo, los 
estudios publicados hasta la fecha indican que la herencia trans-
generacional se basa en una memoria epigenética, que tal vez 
tenga un papel de adaptación evolutiva para la descendencia fren-
te a condiciones ambientales adversas (15). Los padres pueden 
estar expuestos a cambios epigenéticos tanto en el tejido somáti-
co como en la línea germinal en respuesta a factores ambientales 
(p. ej., factores nutricionales o no nutricionales, tabaco, estrés, 
enfermedades). Estos cambios se transmiten a la descendencia 
y determinan un estado metabólico mejor o peor adaptado al 
ambiente en el cual ha vivido el padre o la madre. Si el ambiente 
en el que se desarrolla la descendencia es diferente a la de sus 
padres, el estado metabólico heredado ya no estará adaptado a 
las condiciones ambientales, lo que podría derivar en enferme-
dades metabólicas. Esta idea contrasta con la hipótesis extendida 
de que el patrón de metilación es completamente eliminado en 
las células primordiales germinales y durante las primeras etapas 
embrionarias, como paso necesario para su totipotenciación. Si la 
eliminación de la metilación fuese completa, entonces la herencia 
epigenética a través de las marcas de metilación sería imposi-
ble. Y, sin embargo, las evidencias encontradas en animales nos 
hablan de una persistencia de los cambios en el patrón de la 
metilación del ADN adquiridos, de una herencia transgeneracional 
que se perpetúa y que consigue transmitir cambios epigenéti-
cos que se manifiestan en el fenotipo de la descendencia, y que 
pueden mantenerse generación tras generación. Por todo ello, 
se empieza a aceptar que la pérdida de la metilación en las célu-
las primordiales germinales y en el embrión no es completa. De 
hecho, ya se ha demostrado que algunas secuencias repetitivas, 
como los elementos IAP (Intracisternal A particle, en inglés) y 
algunos genes con impronta no son desmetilados (29). Posible-
mente, otras secuencias genómicas puedan también escaparse 
de este borrado epigenético y tengan un papel como transmisores 
transgeneracionales del epigenoma (15). En la tabla II se pueden 
encontrar algunos ejemplos de genes con impronta y los efectos 
de su desregulación sobre la fertilidad.

LAS MODIFICACIONES DE LAS HISTONAS 
PUEDEN AFECTAR A LA FERTILIDAD 
MASCULINA

Las histonas, además de empaquetar el ADN, juegan un rol muy 
importante en las modificaciones post-traduccionales de sus ami-
noácidos (p. ej., acetilación de la lisina, metilación de la arginina, 
fosforilación de la serina) (30). Generalmente, las acetilaciones se 
asocian a regiones activas desde el punto de vista transcripcional. 

A su vez, las metilaciones de las histonas se asocian tanto a regio-
nes activas como a regiones inactivas, dependiendo principalmen-
te de qué residuo es el que padece la metilación: la metilación de 
la lisina 9 de la histona H3 (H3K9), por ejemplo, se asocia a un 
silenciamiento de la transcripción; en cambio, la metilación de la 
lisina 4 (H3K4) de esta misma histona se asocia a una activación 
de la transcripción. Existen varios enzimas encargados de las 
modificaciones post-transcripcionales de las histonas. Algunas, 
como la proteína PRDM9, encargada de la tri-metilación en los 
residuos H3K4 y H3K36, son específicas de la línea germinal 
(31). La presencia de histonas en el espermatozoide maduro es 
muy inferior a la de las células somáticas (9). Esto es debido a 
cambios en la estructura de la cromatina, cambios que implican la 
sustitución de las histonas por protaminas. El resultado final es un 
estado de compactación tan elevado del ADN del espermatozoide 
que imposibilita la transcripción, a la vez que ejerce un efecto 
protector contra daños en el genoma. Se cree que las histonas 
que no son reemplazadas por protaminas (aproximadamente un 
10% de ellas) (24), tienen un papel fundamental en la transmisión 
de la epigenética a la descendencia. De hecho, en las regiones del 
núcleo del espermatozoide maduro en las que se mantienen las 
histonas se encuentran promotores del desarrollo, agrupaciones 
de microARN y genes con impronta genética (24).

La evolución temporal de los niveles de modificación en H3K4, 
H3K9 y H3K27 son esenciales para la progresión de la esperma-
togénesis (32). Los niveles de metilación en H3K4 en el ADN de 
las espermatogonias, por ejemplo, necesitan alcanzar su máximo 
para empezar su diferenciación e iniciar meiosis. En cambio, los 
niveles de H3K9 y H3K27 son mínimos al inicio de meiosis y van 
incrementando a medida que se suceden los diferentes estadios 
de esta división celular. Finalmente, para iniciar la espermiogéne-
sis, se requiere la eliminación la metilación en H3K9. Todos estos 
cambios están orquestados por enzimas específicas. Si alguna de 
ellas no funciona correctamente, el resultado es una alteración 
importante en la fertilidad del individuo. Por ejemplo, una reduc-
ción en la actividad de la enzima H3K4 metiltransferasa provoca 
una disminución muy importante del número de espermatocitos, 
mediada por procesos de apoptosis, que culmina en una interrup-
ción de la espermatogénesis (33). Otro ejemplo es el control de la 
acetilación de las histonas al final de la espermatogénesis. Esta 
acetilación permite que la cromatina adopte una configuración 
más relajada, de manera que facilita la eliminación de las histonas 
y su substitución por protaminas. Si este proceso es alterado y la 
acetilación ocurre antes de lo pautado, se incrementa la fragmen-
tación del ADN del espermatozoide y se compromete la capacidad 
fecundante del espermatozoide.

LOS sncARN DESEMPEÑAN UN ROL 
IMPORTANTE EN EL CONTROL  
DE LA FERTILIDAD MASCULINA

El espermatozoide se considera una célula inactiva desde el 
punto de vista transcripcional. No obstante, se sabe desde hace 
varias décadas que contiene ARN (9). La mayor parte de este ARN 
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son fragmentos de transcritos largos. El primer ARN mensajero 
específico identificado en espermatozoides humanos fue el c-MYC 
mARN (34). Además de transcritos o fragmentos de transcritos 
que codifican proteínas, el transcriptoma del espermatozoide tam-
bién contiene una gran variedad de sncARN.

Aunque cuando se compara con el transcriptoma del ovocito la 
contribución de sncARN del espermatozoide parezca insignifican-
te, al menos dos estudios han demostrado que la inhibición en el 
zigoto de los sncARN provenientes del espermatozoide conduce 
a retrasos importantes en el desarrollo embrionario. Los sncARN 
se diferencian, entre otras características, por los mecanismos 
de su biogénesis y sus mecanismos de acción. Entre los tipos 
de sncARN destacan los microRNA (ARN ~22 nc que regulan 
post-transcripcionalmente la expresión génica mediante su 
emparejamiento con la región no traducible 3´ del ARN mensajero 
(3’ UTR); los siARN (con complementariedad perfecta y con una 
representación del 17%) y los piARN (especializados en controlar 
la transcripción de transposones en las células germinales y 
de particular interés debido a su papel en la herencia epigené-
tica transgeneracional) (35). Es interesante notar que algunos 
microARN se expresan de manera exclusiva o preferencial a nivel 
testicular y, en algunos casos, en tipos celulares específicos. 
A modo de ejemplo, existen microRNA que se expresan durante 
el período de diferenciación de la espermátida, como por ejemplo 
miR-18, encargado de la regulación del gen Hsf2; miR-469, 
regulador de los genes Tp2 (en inglés, transition protein-2) y 
Prm2 (en inglés, protamine 2) y miR-122, encargado también de 
la regulación del de Tp2 (36). En cuanto a la importancia de los 
sncARN durante la espermatogénesis, varios estudios realizados 
en ratones knockout para la proteína Dicer 1 (una endonucleasa 
ARNasa III con funciones importantes en la biogénesis de los 
microARN) sugieren que la falta de actividad de Dicer provoca 
una desaparición gradual pero completa de microARN en las 
células de Sertoli (células mitóticas presentes en el testículo que 
ofrecen soporte vital a las células germinales y meióticas). Esta 
desaparición provoca una gran desregulación del transcriptoma, 
proceso que provoca una interrupción de la espermatogénesis 
y una progresiva degeneración testicular (37). Hoy día se cono-
ce la implicación de los ARN no codificantes de cadena larga 
(lncRNA) en la espermatogénesis (p. ej. Tsx, HongrES2, Mrhl 
y Spga-lncRNA) (38), aunque Luk y cols. (38) concluyen que 
los lncRNA están infrarepresentados en las bases de datos de 
anotación actuales, resultando en una predicción errónea de los 
lncRNA y su funcionalidad en las células especializadas durante 
el desarrollo germinal de los hombres. Recientemente, se ha 
sugerido que el concepto de herencia transgeneracional no sola-
mente está ligado a los patrones de metilación sino también 
a los sncARN. Se ha demostrado, por ejemplo, que el estrés 
traumático sufrido durante las primeras semanas de vida altera 
la expresión de microARN y piARN en espermatozoides y esto, 
a su vez, modifica respuestas conductuales en la descendencia 
(39). Así pues, lo que propone este trabajo es una explicación 
biológica, unas bases moleculares que explican la naturaleza 
transgeneracional de la conducta innata, donde los sncARN del 
espermatozoide actúan cómo bits de información que moldean 

el hardware genético de la descendencia, provocando modifica-
ciones en el comportamiento de las generaciones futuras.

LA NUTRICIÓN PUEDE INFLUENCIAR LA 
FERTILIDAD MASCULINA MEDIANTE 
LA REGULACIÓN DE MECANISMOS 
EPIGENÉTICOS. LA EPIGENÉTICA NOS 
EXPLICA POR QUÉ NO TODOS LOS 
PACIENTES OBESOS SON INFÉRTILES

La relación entre la obesidad y la disminución de la fertilidad 
no ha sido establecida con claridad. Diferentes estudios muestran 
el impacto negativo del sobrepeso y la obesidad sobre la calidad 
del ADN de los espermatozoides y, consecuentemente, sobre la 
salud de la descendencia (13,40). Varios estudios han vinculado 
el síndrome metabólico con una función espermática alterada 
(41) (Fig. 2). Así, los resultados sugieren que la relación entre 
obesidad e infertilidad es más compleja que la simple interacción 
entre el peso y la función reproductiva, y que la epigenética pue-
de tener un rol importante (Figs. 3 y 4). Como se representa en 
la figura 3, diferentes factores ambientales (entre ellos la dieta) 
actuarían sobre la maquinaria epigenética, provocando altera-
ciones en el epigenoma del individuo. De manera más precisa, 
un estudio realizado con ratones que recibieron dietas ricas en 
grasa durante 9 semanas detectó alteraciones importantes a 
nivel de calidad espermática: los espermatozoides presentaron 
un incremento en la fragmentación del ADN, una disminución de 
la motilidad, problemas en la capacitación y menores tasas de 
fecundación (13). Además, se detectó también una elevada pre-
sencia de especies reactivas de oxigeno (ROS) (42). Con estos 
resultados, los autores concluyeron que la obesidad inducía estrés 
oxidativo y fragmentación del ADN, dos factores relacionados con 
una mala capacidad reproductiva. No obstante, tal y como se ha 
comentado anteriormente, es posible que no sea la obesidad o la 
adiposidad per se la que contribuya al incremento de ROS y a la 
elevada fragmentación del ADN, sino que estos factores sean con-
secuencia de alteraciones en el metabolismo (Fig. 2). Los cambios 
que se observan en la expresión de microARN (p. ej. miR-122) 
debido al consumo elevado de grasas se han relacionado con la 
patogénesis de estas enfermedades y oligoastenozoospérmicos 
(36). Este tipo de dietas no únicamente afecta a la función de los 
sncARN, puesto que también se han observado modificaciones 
en el patrón de metilación de algunas regiones del ADN que pro-
vocan la alteración en la expresión de algunos genes, como por 
ejemplo IGF2 (43). Cuando la dieta, además de ser rica en grasas, 
contiene también niveles elevados de colesterol, los microARN 
que presentan una reducción de su expresión (p. ej. miR-16, 
miR-103, miR-107 y miR-451), o un aumento (p. ej. miR-351 y 
miR-669c) son varios. Paralelamente, la disminución del miR-107 
implica el incremento de la expresión del gen FASN (fatty acid 
synthetase, en inglés) en ratones obesos (44) y un incremento de 
la sensibilidad a la insulina y la tolerancia a la glucosa, mientras 
que su sobre expresión conducía a alteraciones en la homeos-
tasis de la glucosa (45). Finalmente, en otro estudio se encontró 
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expresión elevada de miR-143 y miR-145 en ratones alimentados 
con dietas ricas en grasa (46). La desregulación de la expresión 
de miR-143 se asoció a niveles incrementados de insulina basal 
en plasma, alteraciones en la homeostasis de la glucosa e intole-
rancia a la insulina. Todos estos mecanismos son importantes en 
la fertilidad masculina, pues el metabolismo de la glucosa tiene 
una función muy importante durante la espermatogénesis (47). 
Diferentes trabajos confi rman el efecto deletéreo de la diabetes 
en los parámetros seminales del individuo, la fragmentación del 
ADN del espermatozoide y la calidad de la cromatina y la resul-
tante capacidad fecundante del individuo (48). En otro estudio, 
los autores concluyeron que los espermatozoides de individuos 
infértiles presentaban contenidos de ácidos grasos muy elevados 
(independientemente de su peso), lo cual promueve la generación 

de ROS por parte de la mitocondria del espermatozoide y una 
pérdida de competencia funcional (49).

Al analizar el efecto de los micronutrientes sobre la fertili-
dad del individuo; en general, los resultados demuestran que la 
suplementación con vitaminas específi cas (como la vitamina E 
o la vitamina C) y minerales (como el zinc) se relaciona con un 
incremento en la calidad seminal y en el éxito reproductivo (50). 
Aunque no se ha demostrado todavía a nivel testicular, es proba-
ble que los mecanismos de acción de los micronutrientes sobre 
la fertilidad tengan también una base epigenética moduladora 
basada en la regulación de algunos microARN. Como se ha indi-
cado precedentemente, las vitaminas del grupo B (especialmente 
la vitamina B6 y la B12) sirven como coenzimas del metabolismo 
de 1 carbono (C1), el cual determina los niveles de la S-adenosil-

Figura 3. 

Representación de las alteraciones 
metabólicas relacionadas con el síndro-
me metabólico y su asociación con la 
infertilidad masculina. La modificación 
del epigenoma provocada por factores 
ambientales (como por ejemplo la dieta) 
participaría en el desarrollo de estas alte-
raciones metabólicas (imagen adaptada 
de la referencia 56).
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Relación entre nutrición y obesidad, entre nutrición e infertilidad y entre obesidad y nutrición (adaptada de la referencia 41).
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metionina (SAM), una molécula que participa en numerosas reac-
ciones celulares cómo la metilación del ADN o las modificaciones 
postraduccionales de las histonas (51). Por lo tanto, los niveles 
de folato en la dieta pueden influenciar los niveles de metilación 
del ADN a nivel celular y consecuentemente afectar la expresión 
de genes importantes para el desarrollo y la homeostasis de un 
organismo (7). De hecho, Lambrot y cols. (7) alimentaron ratones 
con dietas deficientes en folato (0,3 mg ácido fólico por kg) o 
suficientes en folato (2 mg ácido fólico por kg) durante toda su 
vida para evaluar el papel de los folatos en los mecanismos de 
transmisión de la información ambiental vía el epigenoma del 
espermatozoide. En sus resultados destacaron que la deficiencia 
de folato alimentario resulta en la metilación de las histonas H3 
de los espermatozoides o la metilación del ADN, lo que significa 
una inadecuada salud de los hijos. En mamíferos, se sabe que 
el butirato, que es un ácido de cadena corto resultante de la fer-
mentación bacteriana de carbohidratos complejos y compuestos 
organsulfurados, es un inhibidor de la deacetilasa de las histonas 
(HDACs, en inglés histone deacetylases) (52). Se necesitan expe-
rimentos para revelar si los alimentos que inducen el aumento 
de ácido butírico pueden modificar las histonas y afectar la fer-
tilidad masculina. Curiosamente, se ha demostrado que el gen 
SIRT1 (del inglés sirtuin 1) puede desacetilar la proteína DNMT1 
y consecuentemente alterar su actividad. Este resultado sugiere 
que las sirtuins pueden modificar los patrones epigenéticos. La 
acción de la proteína sirtuin es potenciada por el resveratrol (53), 
un polifenol natural que se encuentra de manera abundante en 
las plantas, frutos y vino, y que ha ganado mucho interés debido 
a su potencial efecto antienvejecimiento. Se necesitan estudios 
para elucidar si las sirtuins están involucradas en cambios epi-
genéticos mediados por la nutrición. Finalmente, en hombres, la 
ingestión de factores no nutricionales como las toxinas o drogas 
también puede producir modificaciones epigenéticas que afec-
tan a la generación siguiente. Así, por ejemplo, la ingestión de 
5-aza-2’-deoxycytidina, un agente anticancerígeno, causa una 
disminución de la metilación global del ADN y una morfología 
alterada de los espermatozoides (54), con un impacto en la dis-

minución de la motilidad, de la capacidad de fertilización o la 
capacidad del embrión para sobrevivir.

CONCLUSIÓN

La infertilidad masculina es un trastorno multifactorial don-
de interaccionan factores genéticos y epigenéticos con factores 
ambientales como el sobrepeso o la obesidad. Las modificaciones 
epigenéticas observadas con más frecuencia corresponden a la 
hipermetilación de genes relacionados con la espermatogéne-
sis o las modificaiones enzimáticas asociadas con la regulación 
postranscripcional de las histonas durante la espermatogénesis. 
Finalmente, también se presentan resultados que muestran cómo la 
espermatogénesis puede desregularse mediante las modificaciones 
de expresión de ciertos ARN no codificantes de cadena corta y larga.

Las primeras observaciones indican que la exposición a dietas 
ricas o deficientes en determinados nutrientes (especialmente 
grasas saturadas o donadores de grupos metilo) durante largos 
periodos de tiempo, inducen cambios epigenéticos con conse-
cuencias para la fertilidad masculina del paciente y la fertilidad 
de su descendencia (herencia transgeneracional). Además, es 
necesario subrayar que el impacto de los nutrientes y de los fac-
tores no nutricionales durante la programación epigenética de las 
células germinales es importante pues puede modificar la regula-
ción de la espermatogénesis. Cabe remarcar que aunque la afec-
tación del epigenoma acontece en periodos puntuales, primeros 
estadios de la embriogénesis y de la infancia, existe también la 
posibilidad de intervenir durante la edad adulta.
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Resumen
Introducción: los principales cambios en la composición del cuerpo refi eren el incremento de tejido adiposo y/o la disminución de masa  muscular, 
y estos cambios tienen efecto en varios resultados clínicos. La obesidad sarcopénica (OS) consiste en la presencia simultánea del exceso de 
tejido adiposo y el défi cit de masa muscular. Las personas con OS pueden tener un efecto sinérgico debido a la obesidad y la sarcopenia, lo que 
incrementa el riesgo de enfermedad cardiovascular, más que la obesidad en sí. 

Objetivo: describir los hallazgos en la literatura científi ca sobre la asociación de la SO y los factores de riesgo y/o ECM (enfermedad cardiome-
tabólica) o enfermedad cardiovascular (ECV). 

Métodos: se realizó una búsqueda electrónica en las siguientes bases de datos: MEDLINE, Scopus, SciELO, LILACS y Web of Science, usando 
las expresiones coincidentes y los operadores booleanos: “obesidad sarcopénica” o “ sarcopénica obesidad “, en los títulos de los estudios, y 
“enfermedad cardiometabólica” o “enfermedad cardiovascular” o “síndrome metabólico” o “resistencia a la insulina”, en el abstract. 
Resultados: la mayoría de los estudios son de corte transversales y presentan diferentes criterios de diagnóstico para la OS. Fue posible verifi car 
la asociación de la OS y los factores de riesgo y/o ECM o ECV. 

Conclusión: la OS está asociada con los factores de riesgo y/o ECM o ECV. La falta de un consenso sobre esta defi nición pone en peligro la 
efectividad de la práctica clínica y la investigación sobre el tema.

Abstract
Introduction: The main changes in the body composition refer to the increase of adipose tissue and/or the decrease of muscular mass, and 
these changes have effect in many clinical outcomes. Sarcopenic obesity (SO) consists of the presence of excessive adipose tissue and defi cit 
of muscular mass simultaneously. People with SO may have synergistic effect due to obesity and sarcopenia, with increases cardiovascular risk 
more than obesity itself. 

Objective: To describe the fi ndings in the literature about the association between SO and risk factors and/or cardiometabolic disease (CMD) 
or cardiovascular disease (CVD). 

Methods: An electronic search was done on the following databases: MEDLINE, Scopus, SciELO, LILACS and Web of Science, using the matching 
expressions and Boolean operators: “obesity sarcopenic” OR “sarcopenic obesity”, in the titles of the studies, AND “cardiometabolic disease” OR 
“cardiovascular disease” OR “metabolic syndrome” OR “insulin resistance”, in the abstract. 

Results: Most of studies are cross-sectional and present many different diagnosis criteria for SO. It was possible to verify the association of the 
SO and the risk factors and/or CMD or CVD.

Conclusion: SO is associated with risk factors and/or CMD or CVD. The lack of a consensus about this defi nition jeopardizes the effective clinical 
practice and the research about the subject.
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INTRODUCTION

The assessment of body composition (BC) allows the measur-
ing of larger body compartments such as fat-free mass which 
also includes the bone mineral tissue, body fat mass and total 
body water (1). The use of this evaluation has grown due to the 
increase in the prevalence of chronic diseases, overweight and 
obesity worldwide and it has been used to assess adverse health 
outcomes in conditions of BC changes (1,2). 
The main changes of BC are related to excess of adipose tis-
sue (AT) and/or the deficit of muscular mass (MM), defined as 
obesity, sarcopenia or sarcopenic obesity (SO), when both con-
ditions appear simultaneously (1). The prevalence of SO has 
increased in industrialized countries due to the high number 
of cases of obesity and sarcopenia in obese people, ranging 
from 4.4% to 42.9%, depending on the diagnostic methods 
and on the studied population (3-21). There is not a consensus 
between the definition and classification of SO, and this gap 
contributes to the inconsistent findings in its association with 
clinical outcomes (22-24).
Knowledge about the consequences of the SO to health were 
initially limited to functional outcomes. Recently, the associations 
between this condition and cardiometabilic disease (CMD), cardio-
vascular disease (CVD) and mortality has been the target of grow-
ing attention (12,22,25), justifying the study of these relationship 
since SO can be prevented or treated.

OBJECTIVE

The objective of this review is to describe the findings in literature 
about the association between SO and the risk factors and/or 
CMD or CVD. 

METHOD

Review of the literature in English, Spanish and Portuguese, 
indexed in MEDLINE, Scopus, SciELO, LILACS and Web of Science. 
No filter of date were used. Combinations of Boolean operators 
and descriptors used were: “obesity sarcopenic” OR “sarcopenic 
obesity” in the title of the work AND “cardiometabolic disease” OR 
“cardiovascular disease” OR “metabolic syndrome” OR “insulin 
resistance” in the abstract. The last search was held on Septem-
ber, 2015. The articles were selected by their titles and abstracts 
and a detailed analysis was done with the full articles. Search 
included cross-sectional, prospective or retrospective studies with 
adults (> 18 years) and elderlies. 

RESULTS 

Although described in the literature for a long time, the first stud-
ies linking SO to CMD and/or CVD and their risk factors (Fig. 1) 
date from 2004 and the number of publications is growing every 
year including those that discuss the association of SO with risk 
factors and/or CMD and CVD in people with different clinical con-
ditions (Fig. 2).
Thirty-nine articles were identified, but only 33 were related to 
the objective of this study. It is noteworthy that most studies are 
cross sectional. Table I shows the studies found on the association 
between OS and risk factors and/or CMD and CVD. In addition 
24 references were included because of its relevance in the theor-
etical basis of this study.

Figure 1. 

Evolution of the number of publications on the topic; association between sarco-
penic obesity and risk factors and/or CMD or CVD.

Number of publications on the topic

Figure 2. 

Review of risk factors and/or CMD and CVD that had been evaluated in the cited 
publications.
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These papers were presented and discussed in four sessions:
1.  SO (definition, diagnosis and physiopathology);
2.  OS and risk factors for cardiometabolic and cardiovascular 

disease;
3.  SO, cardiometabolic and cardiovascular disease.
4.  SO, CVD and CMD in special clinical situations.
Session 2, 3 and 4 shows the 33 selected works. Six articles 
were excluded due to language or do not meet the objectives of 
this study.

SARCOPENIC OBESITY (DEFINITION, 
DIAGNOSIS AND PHYSIOPATHOLOGY)

The term SO was first described by Baumgartner et al., and was 
defined by the combination of sarcopenia and obesity (25,26). The 
heterogeneity of the definitions of SO in the studies may interfere 
in the results and can be categorized in seven aspects that involve: 
the method of analysis of BC used, the cutoff point for sarcopenia 
and obesity classification, the adjustment of MM by body mass or 
height of the individual, the compliance of the method, the study 
design, the biologic validity and the predictive risk (2). All these 
categories are important for a standard definition of SO, but the 
adjustment of the amount of MM seems to have a higher impact 
in the discrepancies found in the associations between SO and 
CMD or CVD (22).
Measurement methods as computed tomography (CT), DEXA (dual 
X-ray absorptiometry) and the BIA (Bioelectrical Impedance Analy-
sis) have been used to assess the total or skeletal MM (25). Many 
definitions of sarcopenia have been proposed, but so far none has 
been universally adopted. Baumgartner et al., 1998 (27) defined 
sarcopenia as the condition of an individual which the appendicu-
lar skeletal muscle mass (ASM) divided by the square of height 
(ASM/h²) is two standard deviations (SD) below of the average 
of young population of reference. However, this index is highly 
correlated with body mass index (BMI) and it classifies individuals 
with low BMI as sarcopenic and could subestimate the sarcopenia 
in individuals who are overweight and obese (28). Janssen et al. 
(29), in turn, in 2002 proposed a definition of sarcopenia with 
the skeletal mass index (SMI) by the skeletal MM divided by body 
mass of the subject, both in kilograms and multiplied by 100 
[(MM/body mass)x100], so that individuals were considered to 
have a normal SMI if their SMI was greater than one SD above the 
sex-specific mean for young adults (aged 18-39). ASM adjusted 
by the body mass has been described as the most appropriate 
index to identify sarcopenia (5,7,15). A definition of sarcopenia 
was proposed by The European Working Group on Sarcopenia 
in Older People, in 2010, and suggests consider for diagnosing 
sarcopenia, not only the amount of MM but the presence of both 
changes, deficit of MM and low muscle function (25,30), but this 
criterion was not used in the studies found.
Independently of the BC analysis, a complex etiology is asso-
ciated with the development of SO. It can occur in elderly, in 
sedentary adults with body weight gain or in obese adults with 
chronic comorbidities with active inflammatory process (2,31). 
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Many explanations for SO have been proposed and evidences 
suggest that a vicious cycle between the accumulation of AT and 
the deficit of MM is responsible for keeping the development 
of the phenotype (22).
The increase of AT, especially visceral fat, as well as the excess 
of free fatty acids may induce chronic inflammation by increased 
secretion of pro-inflammatory cytokines such as TNF-α and 
interleukin-6 (15,22). The inflammatory process, in turn, not only 
causes degradation of MM but also promotes insulin resistance 
(15) that contributes to the changes in the morphology, size and 
muscle function, leading to the onset and progression of sar-
coepnia (22,32). 
The skeletal muscle is an important tissue to capture glycose 
and its decrease may promote insulin resistance and its con-
sequences (31,33,34). Sarcopenia increases insulin resistance, 
reduces energy expenditure and physical activity, which in turn 
may lead to an increase of AT, particularly of visceral fat, perpetu-
ating the process (6,22). 
Histologically, the SO presents itself as type II muscle fiber atrophy 
and an infiltration by adipocytes and lipids deposition on the mus-
cular tissue, limiting its metabolic and endocrine action (22,35). 
To explain this characteristic, it has been suggested that muscle 
satellite cells in vitro have the ability to form adipocytes and myo-
cytes. In human, in some pathologic situations as obesity, hyper-
glycemia, in the presence of high plasmatic concentrations of fatty 
acids, as well as the presence of physical inactivity, these satellite 
cells can acquire adipocytes characteristics, which would explain 
the presence of mature adipocytes in the muscle tissue (22). 
They have suggested that intramyocellular triglycerides (IMTG) 
are an important factor associated with inflammatory process and 
insulin resistance in the skeletal muscle as long chain fatty acids, 
diacylglycerol, and ceramides (22). 
A metabolic pathway that plays a key role in regulating energy 
metabolism in muscle tissue is the AMP-activated protein kinase 
pathway. The activation of this pathway leads to the reduction of 
IMTG and decreases the syntheses of other factors which may 
induce the inflammatory process and insulin resistance. The dys-
regulation of this pathway occurs in certain circumstances as 
aging or some illnesses as obesity, metabolic syndrome (MetS) 
and CVD and it can contribute to fat accumulation, inflamma-
tion and insulin resistance. These facts contribute to maintain 
the phenotype (22) and that is why some studies indicate insulin 
resistance as a path for the understanding the SO (36) as in the 
study MrOS which administration of an insulin sensitizer in dia-
betic patients significantly reduced the decline in free fat mass 
when compared to healthy controls (37). 
Inflammation also plays a central role in the pathogenesis of insu-
lin resistance and its presence in both changes in BC: obesity and 
sarcopenia (38,39). In obesity, the accumulation of intramyocellu-
lar lipids results in a bioactive lipid intermediates and lipids perox-
ides that activate the inflammatory cascade (32,40). Furthermore, 
similar to the AT, muscle tissue has recently been considered 
an endocrine organ secreting hormones that modulate systemic 
metabolism. Analogs adipokines, myokines are responsible for 
inhibiting and preventing inflammation and insulin resistance. In 

individuals with SO the relative scarcity of myokines comparedto 
adipokines increase the risk of CVD and CMD (32,40). 
A new adipokine, A-FABP (adipocyte fatty acid-binding protein), 
has been described as a link between obesity, inflammatoty pro-
cess and insulin resistance and may be involved in the pathogen-
esis of SO (12). It is predominantly expressed in the adipocyte and 
macrophage and a significant portion is released in the blood-
stream. It binds to fatty acids with high affinity, and acts in the 
transportation of intracellular fatty acids, in the regulation of the 
lipid metabolism and in the modulation of gene expression. It is 
possible that A-FABP works as a lipid hormone transporter or in an 
hormone-like fashion to modulate the systemic insulin sensibility 
and the energy metabolism. Some studies show that A-FABP are 
positively associated to body fat and negatively to MM and in 
human, it is associated with severity of insulin resistance and its 
consequences (12). 
Besides the inflammatory process and insulin resistance, leptin 
is highlighted in the physiopathology of SO. It is secreted by 
adipocytes and has physiologic and physiopathologic actions in 
several organs, including skeletal muscle where it acts stimu-
lating lipolysis and insulin sensitivity (3,32). The leptin recep-
tors have been shown to be negatively regulated by leptin itself 
and by insulin resistance. In obese subjects, serum leptin levels 
increase with fat deposition diminishing its beneficial effect in 
skeletal muscle (3). Studies show that individuals with SO have 
higher serum leptin levels when compared to obese, sarcopenic 
or control groups (3,12,19). Serum leptin levels also correlated 
negatively with the MM indicators and positively with the AT 
indicators (3,19).
The vicious cycle between the accumulation of AT and the loss of 
MM can be associated with CMD and/or CVD via a large network 
of factors including mainly pro inflammatory cytokines and insulin 
resistance, but also oxidative stress, mitochondrial dysfunction, 
energy intake, physical inactivity and other factors which are iden-
tified (22,41,42). 

SO AND RISK FACTORS FOR 
CARDIOMETABOLIC AND CARDIOVASCULAR 
DISEASES

The studies that investigated the association of OS with known 
cardiometabolic and/orcardiovascular risk factors, descrebed con-
troversial results depending on the assessed population and the 
method used for diagnosing OS. 
The association between SO and lipid profile was the issue most 
studied in this review, being present in 22 citations, but it was not 
the main objetive of these studies which limits the conclusions 
about their results. Only Baek et al. (15), in 2014, investigated 
the association between SO and dyslipidemia as the principal aim 
of the study in 3,483 Korean elderly. They defined sarcopenia by 
ASM adjusted for body mass and obesity by BMI ≥ 25 kg/m2. 
After adjusting for confounding factors the group with SO showed 
a higher chance of dyslipidemia (OR, 2.82; 95% CI, 1.76-4.51) 
regardless of sex (15). 
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Many cross-sectional studies in the Korean population, espe-
cially in elderly subjects (7,10,14,43,44), but also in adults 
(11,12,45), showed that SO was associated with changes in the 
lipid profile characterized by elevated levels of triglycerides (TGL) 
(7,10,14,22,43-45), total cholesterol (TC) (22) and reduction of 
the high density lipoprotein (HDL) (10,11). They used as criterion 
for diagnosis of sarcopenia, ASM adjusted for body mass and for 
obesity, BMI > 25 kg/m2, the visceral fat area (VFA) by computed 
tomography (CT) or waist circumference (WC).
When ASM/height (2) was used for evaluation of sarcopenia in 
this population, an association was identified between SO and 
increased on the low density lipoprotein (LDL) (p = 0.032) (6). 
Other methods for SO defining how the SMI by DEXA asso-
ciated with VFA (11,19) and MM Index (SMI) by BIA and BMI 
(≥ 25 kg/m2) (13) also demonstrated associations between SO 
and increase of TC (13) and TGL (11,13,19) and reduced HDL 
(11,19). The use of handgrip strength (HS) (16) for defining 
sarcopenia and visceral fat rate/MM thigh relationships (33) or 
regard MM skeletal/visceral fat also demonstrated an association 
between SO and elevation of TGL (23,33), TC (23), LDL (23) 
and low HDL (16,23,33). Only few studies did not highlighted 
the association between SO with some changes in lipid profile, 
but they did not focus on the Korean population, and mostly 
showed changes in lipid profile related only to obese individuals 
(3,17,20,21,35,46). It is noteworthy that the studies in Asian 
populations, mostly Koreans, used as criterion for obesity BMI 
≥ 25 kg/m2, following the cutoff of World Health Organization 
(WHO). The use of this cutoff is recommended for international 
classification, but for public health actions, a lower cutoff BMI 
is recommended, ≥ 23 kg/m2 representing increased risk and ≥ 
27.5 kg/m2 representing high risk (47). Asians generally have a 
higher percentage of body fat than white individuals of the same 
age, sex and BMI represeting risk factor for type 2 diabetes and 
CVD (47,48). This observation lead WHO to debate the proposed 
methods by which countries could make decisions about the 
definitions of increased risk for their population (47).
The association between SO and insulin resistance has also been 
well described in the literature, being cited in 16 of the stud-
ies included. Srikanthan et al., 2010 (40), investigated 14,528 
healthy individuals aged ≥ 20 years, using BMI > 30 kg/m2 for 
obesity definition and SMI by BIA. Consistent with their hypoth-
esis, the authors showed that the group of individuals with SO 
had the highest OR for insulin resistance (OR, 2.13; 95% CI, 2.02 
to 2.23, p < 0.0001), even if excluded diabetic subjects from 
the analysis (OR, 1.99; 95% CI, 1.89-2.08; p < 0.0001). It was 
also observed that this association was stronger in adults than in 
elderly (OR, 2.39; 95% CI, 2.24-2.55; p < 0.0001 in adults and 
OR, 1.86; 95% CI, 1.73-2.00; p < 0.0001 in ederly) what can be 
explained by sarcopenia associated with an inflammatory process 
in these patients, suggesting that inflammation may play a role in 
the development of metabolic complications of sarcopenia (40).
The association between SO and insulin resistance was 
described, only in women (11), male (12) or in the both sexes 
(3,7,9,14,15,43,44). All these studies used HOMA-IR (homeo-
static model assessment insulin resistance) to investigated insulin 

resistance, but different methodologies were used to evaluate 
sarcopenia: ASM adjusted for body mass (7,11,12,14,15,43,44) 
or height (9), muscular area in the thigh/visceral fat (3) and the 
MM index (DEXA) (11) and BMI (12,14,15,43,44), VFA (3,7,11) 
and WC (9) for evaluate obesity. Individuals with SO showed a 
higher HOMA-IR when compared to others who were obese, 
sarcopenic or normal individuals (3,7,9,11,12,14,15,43,44). 
Even the HOMA-IR showed a negative correlation with the storage 
of MM and positive correlation with the AT reserve (19), some 
studies found higher HOMA-IRvalues in the group of obese individ-
uals with sarcopenia when compared with those OS, sarcopenic 
and normal subjects (8,19). Only one study (35) showed no dif-
ference between sarcopenic obese group and obese, but it used 
an equation to estimated visceral fat from body fat, which may 
limit the defining criterion.
Studies intend to evaluate the association of the SO with inflam-
matory process, using the ASM adjusted by body mass (12), SMI 
(8,11,20), HS (38) and arm muscle circumference (49), as mark-
ers of sarcopenia and VFA (11), WC (8,38,49), the percentage of 
body fat by DEXA (20) and BMI (12) to identify obesity, showed 
that individuals with SO had higher ultra-sensitive C-reactive 
protein levels (CRP US) in women (8,11,12,20,38,49) and men 
(8,12,20,38,49) andhigher IL-6 (12,38) when compared with 
obese, sarcopenic or normal individuals; but no association 
with TNF-α (20) e adiponectin (12). So that individuals with SO 
has 1.4 more likely to have elevation in CRP levels compared 
to the standard group (OR, 1.438; 95% CI, 1.139-1.815, p = 
0.002), even after adjusting for other clinical variables that have 
influence on the inflammatory process (11).
Schrager et al. in 2007 (38) also highlighted that the distribution 
of fat mass is an important aspect and central obesity is more 
pro-inflammatory than global obesity. It was also demonstrated 
a strong effect of muscle strength in predictive model CRP US 
and IL-6. With these findings, the group provides evidence that 
central obesity can adversely affect muscle strength by stimulating 
the production of pro-inflammatory cytokines and IL-6 pathway 
stimulation.
CRP US also relate to MM assessed by SMI (DEXA) and the VFA, in 
isolation, of both sexes (11,19). Studies using a regression equa-
tion with appendicular skeletal MM and fat mass (17), overweight 
and sarcopenic individuals (46), the VFA estimated by formula 
and SMI (35) and the VFA and the area the cross sectional thigh 
muscle (3), respectively, for the diagnosis of SO did not show any 
differences between the inflammatory parameters evaluated in the 
presence and/or absence of obesity and sarcopenia (3,17,35,46). 
Already Levine & Crimmins, 2012 (9) showed higher CRP levels 
in non-obese sarcopenic individuals, and attributed this finding 
by using an indicator of the amount of MM and not functionality.
Vitamin D deficiency is another risk factor for CMD and CVD.It 
has been associated with insulin resistance and type 2 diabetes 
as well as obesity. Moreover, vitamin D levels, assessed by serum 
25 [OH] D, may have an effect on mass and muscle function 
(11). A high intake of vitamin D and calcium in rats resulted in 
reduced accumulation of body fat and increase in lean mass, with 
a commensurate increase in expression of insulin receptors (50). 
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Studies using the ASM adjusted for body mass and SMI assessed 
by DEXA as sarcopenia indicator (10,11,14) and BMI (14), the WC 
(10) and VFA (11) as obesity indicators showed that individuals 
with OS have lower levels of 25 [OH] D, compared with sarcopenic, 
obese or normal individuals (11,14), or when compared with those 
without sarcopenic obesity (10). Although the levels of 25 [OH] 
D were positively correlated with the amount of lean body mass 
in both sexes and negatively correlated with visceral fat in men 
(11), patients with SO of both sexes had higher levels of vitamin D 
deficit, compared to the other groups (14). Subjects in the highest 
quartile of distribution of levels of 25 [OH] D showed protection to 
SO in both sexes (10).
Among other risk factors studied in literature, Atkins et al., in 2014 
(49), evaluated the association between SO and homeostasis indi-
cators, such as the plasma levels of D-dimer and thevon Wille-
brand Factor, showing that patients with SO had higher plasma 
levels of the two indicators.

SO, CARDIOMETABOLIC AND 
CARDIOVASCULAR DISEASES

Despite evidence, the association between SO and CMD and CVD 
itself has been less studied (25). There are few prospective studies 
to examine this association. Five publications with this design 
were identified, all the others were cross-sectional studies.
The association with hypertension is the most studied. Stud-
ies evaluating sarcopenia by ASM adjusted for body mass 
(12,14,21,44,45,51) and SMI (19) and obesity by BMI 
(12,14,21,44), the WC (45,51) andVFA (19) showed that both 
men and women with SO had higher blood pressure values com-
pared with sarcopenic, obese or normal individuals (12,14,19,21). 
Individuals with SO also had higher prevalence of (44,45) and a 
higher odds ratio of developing hypertension compared to normal 
subjects (44,51). The sarcopenic obese group also had the high-
est percentage of individuals using antihypertensive drugs (44). 
Studies using the SMI (13,20) to define sarcopenia and BMI (13) 
and the fat mass (FM) percentage (20) for definition of obesity, 
identified the association with hypertension only for the obese 
group (1,20). Others that used HS (16), regression equations (17) 
or the SMI adjusted for height (6) to define sarcopenia, showed 
no difference among the groups (obese, sarcopenic, sarcopenic 
obesity and normals individuals) (6,16,17).
It is known that blood pressure is directly related to body size in 
the general population. The association between SO and hyperten-
sion, can be traced to sarcopenia being independently associated 
with hypertension, adding to the risk factors of AT accumulation. 
The loss of MM represents a decrease in insulin responsive mass, 
promoting insulin resistance and hypertension (44). The arterial 
stiffness, a risk factor also evaluated, is an important determinant 
of high blood pressure and predictor of adverse cardiovascular 
events (36). Studies using cross-sectional area of the thigh muscle 
and VFA, measured by CT, for diagnosing SO found that the it 
is associated with increased arterial stiffness (52,53). Resist-
ance training could be recommended to increase the MM and to 

improve the protection against hypertension and arterial stiffness 
in this population (21).
MetS is also evaluated in several studies. The strong relationship 
between SO and MetS has been little explored, but it is known that 
the inflammatory process plays a key role in this respect because 
it is associated with increased AT and MM deficit and insulin 
resistance, favoring the altered metabolism (13). Studies using 
diagnostic sarcopenia ASM adjusted for body mass (7,11,14,45) 
or the height (4,6) and the SMI by BIA (13) and by DEXA (11), 
and the obesity diagnosis by percentage of FM (4,6), VFA (7,11), 
BMI (13,14) and WC (45), showed that individuals with SO had 
higher prevalence of MetS compared to groups regardless of sex 
(4,11,14,45) and only when compared to normal subjects (6).
The SO also showed an association with components of MetS 
(13) and the amount of components (6) presented by subjects 
with the syndrome. The OR for MetS was also higher in the group 
of subjects with SO than in the other groups (OR, 11.59; 95% CI, 
6.72-19.98) suggesting that it also can be considered a major 
risk factor for MetS in addition to sarcopenia and isolated obesity 
(6,7). The number of components in MetS was also correlated 
negatively with SMI and positively with VFA, in both sexes (11).
Studies evaluating the SO through the relationship skeletal MM/
visceral fat (23) and the rate visceral fat /thigh muscle (33), also 
found that individuals with SO had higher prevalence of MetS 
(33), higher reason to chance to MetS (23,33) and is associated 
with the components of MetS (33). It was observed that MetS 
components had a negative correlation with the rate ASM/visceral 
fat (23) and a positive correlation with the rate of visceral fat/thigh 
muscle (33). But when the SO was evaluated by handgrip strength 
associated with WC the higher prevalence of MetS was only in 
the obese group (16).
The CMD studies also show the association between SO and 
diabetes mellitus. Studies using the HS and the SMI to define 
sarcopenia and WC and BMI for definition of obesity, showed that 
there was a higher prevalence of diabetes mellitus among indi-
viduals with SO than among others. In the SO group, there was a 
higher odds ratio of having pre diabetes (OR, 1.46; 95% CI, 1.12-
1.75) expressed by a glycated hemoglobin ≥ 6% and < 6.5% or a 
fasting glucose ≥ 100 mg/dL and < 126 mg/dL and diabetes (OR, 
2.81; 95% CI, 2.30-3.43), expressed by a glycated hemoglobin ≥ 
6,5% or a fasting glucose ≥ 126 mg/dL (16,40).
Because of the aforementioned associations and the import-
ance of risk factors, it is necessary to investigate the relationship 
between SO and the presence of CVD installed. Study using the 
ASM adjusted for body mass and BMI to define SO, found that 
older individuals with this phenotype had higher prevalence of cor-
onary heart disease and higher cardiovascular risk in ≥ 10 years 
(21). The odds ratio for this risk, even after adjusting for con-
founding variables such as food intake, exercise and alcohol con-
sumption was greater in sarcopenic obese group for both men 
(OR, 2.49; 95% CI, 1.53- 4.06) and women (OR, 1; 87; 95% CI, 
1.02-3.41) (21). 
When evaluating sarcopenia through muscle strength, it was 
also found that compared to normal body composition, the risk of 
congestive heart failure has increased to 42% (p = 0.002) and 
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the risk for CVD was increased by 23% (p = 0.006) in subjects 
with SO (5). 
Chin et al. in 2013 (43) even using the ASM adjusted for body 
mass and BMI to define SO in elderly Koreans did not identify 
difference in the proportion of individuals with CVD. As Atkins 
et al. in 2014 (49) using for diagnosis of SO, the arm muscle 
circumference and the WC in a cohort of 11 years, also did not 
identify any association between SO and coronary heart disease 
and cardiovascular events. Therefore the difference of methods 
and study designs may contribute to differences in the results of 
the associations.
Several mechanisms may explain the relationship between SO 
and the increase of risk for CVD. Based on all described metabolic 
changes that the MM deficit promotes is the possibility that the 
skeletal MM acts as a protective agent against CVD, however 
it is known that the loss of MM does not occur in isolation but 
is strongly associated with the parallel increase of AT and this 
mechanism leads to a vicious cycle that works synergistically may 
also increase the risk for CVD (21). 

SO, CVD AND CMD IN SPECIAL CLINICAL 
SITUATIONS

The ability to stabilize chronic diseases is a great advance in 
modern medicine, leading to extended life expectancy in the popu-
lation. However chronic diseases is associated with metabolic 
abnormalities and changes in body composition can affect your 
outcome and increase the demand and the cost of the health 
system. There is a close relationship between the loss of MM and 
chronic diseases, so that the term sarcopenia which was originally 
introduced to define the decline in MM associated with age is now 
used to indicate loss mass or function muscle related to chronic 
diseases or low-protein and energy intake (31). The causes of 
sarcopenia in chronic diseases and cancer include inflammation, 
physical inactivity, sub-optimal protein intake as well as factors 
related to age.
The sarcopenia with normal or excess AT can be observed in 
cancer patients undergoing adjuvant chemotherapy (54) and 
even more so in patients with chronic kidney disease and chronic 
obstructive pulmonary disease (55). The SO on these clinical situ-
ations can be caused mainly by the high prevalence of obesity in 
the population in general and the presence of the inflammatory 
system activation in these clinical conditions (31).
The clinical outcomes of patients with chronic diseases and SO 
are worse than the obese patients with normal MM (31) and in 
these situations, the SO can also be associated with CVD and 
CMD. The evaluation of patients after liver transplantation, has 
identified a prevalence of 88% of SO and these patients had a 
higher frequency of MetS compared to transplanted without SO 
(57% vs. 20%, p = 0.041) (56). The evaluation of 328 patients 
with chronic kidney disease in final stages, using BMI and sub-
jective global assessment for diagnosis of SO, found that this 
group had higher percentage of diabetic patients, as well as higher 
serum levels of leptin, CRP US and IL-6 (57). 

DISCUSSION 

The most important problem in clinical practice and research 
in SO is the lack of a definition. OS is not only the junction of 
two pathological conditions, but the additive effect of both. Most 
of the selected studies are cross-sectional and show great dis-
crepancy in methods, but they indicate the association of the SO 
with cardiovascular risk factors and/or CVD and CMD. The better 
understanding about this association is important to prevent these 
effects in the general population and in those individuals with 
associated diseases.
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Fe de erratas

En Nutrición Hospitalaria 2016;33(Suppl. 3):1-3, aparece el artículo “Conclusions of the II International and IV Spanish Hydration 
Congress. Toledo, Spain, 2nd-4th December, 2015”. Como autores de este figuran Aranceta-Bartrina J, Gil A, Marcos A, Pérez- 
Rodrigo C, Serra-Majem LL, Varela-Moreiras G, cuando lo correcto es que aparezca la cita de la siguiente manera:

Aranceta-Bartrina J, Gil A, Marcos A, Pérez-Rodrigo C, Serra-Majem LL, Varela-Moreiras G, on behalf of the Scientific Committee, 
Scientific Secretary and Speakers: Drewnowski A, Palou A, Anadón A, Murray B, Gómez-Candela C, Maffeis C, Ramón D, Benton 
D, Corella D, Alonso-Aperte E, Martínez de Victoria E, O’Neal E, Pfeffer F, Braun H, Lukaski H, Polanco I, Bernal J, González-Alonso 
J, Ordovás JM, del Coso J, Kenney L, Sardinha LB, Díaz-Rubio M, González-Gross M, Kapsokefalou M, Sawka MN, Millard- 
Stafford M, Palacios N, Watson P, Riobó P, Urrialde R, Mora-Rodríguez R, Maughan RJ, Ortega RM, Gellert R, Oliver S, Trangmar S 
and Partearroyo T. Conclusions of the II International and IV Spanish Hydration Congress. Toledo, Spain, 2nd-4th December, 2015. 
Nutr Hosp 2016;33(Suppl. 3):1-3.
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