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Resumen

La obesidad continúa siendo una de las principales preocupaciones en la actualidad, suponiendo un importante desen-
cadenante de enfermedades cardiovasculares. Es importante abordar este problema desde la infancia con el fin de evitar 
problemas futuros mayores. Es por ello que en el presente estudio se ha pretendido analizar el sobrepeso y la obesidad en 
escolares extremeños y describir sus características antropométricas y metabólicas por sexo. Participaron 233 sujetos (9 - 12 
años) pertenecientes a centros de primaria de Extremadura (España). Se clasificaron en función del índice de masa corporal 
(normopeso, sobrepeso y obesidad). Se obtuvieron medidas antropométricas y parámetros metabólicos en sangre. El 18% 
de los sujetos participantes en el estudio fueron clasificados como escolares con sobrepeso y obesidad. Los niños y niñas con 
sobrepeso y obesidad presentaron mayores niveles de grasa corporal, aunque no se encontraron diferencias estadísticamente 
significativas en los parámetros sanguíneos. La prevalencia de sobrepeso y obesidad fue menor a la de estudios previos con 
poblaciones similares llevados a cabo en España. Los niños y niñas cuyo IMC denota sobrepeso y obesidad presentan mayores 
niveles de grasa corporal, aunque sus parámetros sanguíneos analizados (glucosa, triglicéridos y colesterol) se encuentran 
dentro de un rango normal, lo que indicaría que durante la infancia dichos parámetros sanguíneos podrían estar influenciados 
por otros factores no asociados a la obesidad y al IMC.
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Summary

Currently, obesity is one of the main problems in our society. It is a considerable origin of cardiovascular disseises. It is important 
to treat this problem from childhood with the aim to prevent higher problems in the future. Therefore, the present study aimed 
to analyse the overweight and obesity in schoolchildren from Extremadura and describe their anthropometric and metabolic 
characteristics by gender. 233 participants (between 9 and 12 years old) took part in this study. They were schoolchildren from 
public schools in Extremadura (Spain). They were classified by their body mass index (normal weight, overweight and obesity). 
Anthropometric parameters and blood metabolic parameters were obtained. The 18% of the subjects participating in the 
study were classified as overweight and obese. Boys and girls with overweight and obesity presented higher levels of body 
fat, although no statistically significant differences were found in blood parameters. The prevalence of overweight and obesity 
was lower than in previous studies with similar population and carried out in Spain. The school children with overweight and 
obesity have higher levels of body fat, although the blood parameters analysed (glucose, triglycerides and cholesterol) are 
within a normal range, which would indicate that during childhood those blood parameters could be influenced by other 
factors do not associated to the obesity and BMI.
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Introduction

Over the last few decades, obesity has become a major epidemic and 
is currently a serious public health issue with a tendency to worsen, in 
children and adults alike1-5. This epidemic causes a reduction in the quality 
of life of the population and leads to a wide range of health problems6,7, 
affecting the well-being of individuals, causing disorders such as high 
blood pressure, diabetes mellitus type 28,9 and heart diseases that could 
put their lives at risk. Obesity is considered to be a metabolic syndrome 
risk factor10, contributing to a reduction in average life expectancy11, and 
to a decline in the physical ability to perform motor tasks12. 

Obesity is the fifth most common risk factor for death in the world13 

and its prevalence has rapidly increased in the last few years, causing 
alarm amongst public health agencies, general practitioners, healthca-
re investigators and the public in general14,15. According to a study by 
Sánchez-Cruz16, 45% of Spanish schoolchildren between 8 and 13 years 
old are overweight. Studies conducted at a European level report the 
existence of 21.2% of overweight-obesity in Spanish children under 10 
years of age, observing 18.7% in boys compared to 23.9% in girls, and 
with one of the top positions of the obesity ranking in Europe17. A recent 
investigation compared Spanish children to Swedish children, observing 
greater overweight-obesity prevalence in the former compared to the 
Scandinavian ones18. In this respect, a number of studies have been 
conducted in Spanish schools in order to analyse the prevalence of 
childhood and youth obesity, showing that close on 30% of Spanish 
pre-teens are overweight-obese19. 

Of the overweight and obesity-related metabolic disorders present 
in childhood, particular mention should be made of the high levels of 
fasting glucose and alterations in the lipid profile20,21. In a study conducted 
on 1,275 children from four provinces in Spain, it was observed that a high 
percentage of children exceeded the recommended concentrations of 
total cholesterol and low density lipoprotein cholesterol22. These meta-
bolic disorders during childhood could contribute to the development 
of coronary disease during adult life23-25. However, it is not very clear 
when this association between obesity and risk factors (glucose and 
lipid profile) is exactly established, or the influence of age26.

For these reasons, a national multifactorial (nutrition, physical activity 
and obesity prevention) strategy was implemented in Spain, in which 
children and their families are the main stakeholders27. On the one hand, 
with regard to physical exercise, a connection between a high level of 
sedentary behaviour and a high cardiovascular risk factor was observed 
in Spanish teenagers28, recommending vigorous physical activity as 
opposed to low-intensity physical activity for these young people29. On 
the other hand, with regard to food intake, of particular relevance was 
the contribution by the enKid study30 which looked at the eating habits 
of a large sample of Spanish youths. Once the situation in Spain as a 
whole has been examined, primarily focussing on the school stage, this 
study had two objectives: (1) To determine the prevalence of overweight 
and obesity and (2) to determine the anthropometric and metabolic 
characteristics in a sample of schoolchildren from Extremadura.

Material and method

Participants

The study was conducted on a population of schoolchildren with 
ages ranging from 9 to 12 years. This population came from five state 
Primary Schools, selected according to their location, seeking the grea-
test representativeness of the sample through a purposive sampling 
approach, both for rural communities (<10,000 inhabitants) and town 
and cities (>10,000 inhabitants) in the autonomous community. At each 
participating school, the sample was randomly selected by clusters 
(school years). Thus, surveys were conducted at schools located in the 
south, east, centre and north of Extremadura, achieving a sample of 
233 subjects (116 boys and 117 girls). 

Participation in the study included all those children whose pa-
rents had authorised the survey. The parents and their children were 
previously informed of the purpose of the study and the nature of the 
tests to be made, through a written document, and they were given 
the opportunity to ask any appropriate questions. The investigation was 
conducted in accordance with the provisions of the Helsinki Declaration 
and respecting at all times the human rights of the participants in the 
study. The investigation was approved by the bioethics committee of 
the University of Extremadura.

Procedure

Each boy and girl was individually measured in a suitable room at 
the school. All the measurements were made with calibrated equip-
ment, by investigators previously trained at the laboratory. The training 
process consisted in performing a total of 3 sessions of anthropometric 
measurements in different population groups, in which they achieved 
Cohen’s Kappa intra-observer values of more than 0.81.

The following data were collected: personal (age, sex and date of 
birth), anthropometric (weight, height, waist and hip measurements, 
body fat amount and fat percentage), and haematological (concentra-
tion of glucose, cholesterol and triglycerides).

Classification based on the body mass index

The participants were classified according to their BMI, based on 
the growth tables provided by the Institute for research into growth 
and development of the Faustino Orbegozo Foundation31, establishing 
a distinct BMI according to age and gender. This BMI was then used to 
determine which individuals were overweight or obese. In this way, the 
sample was divided into normal weight, overweight or obese, based on 
the BMI calculated. For the male gender, the BMI threshold, by age, for 
overweight and obese individuals is as follows: 9 years (20 and 21.8 kg/
m2), 10 years (21 and 22.6 kg/m2), 11 years (21.7 and 23.6 kg/m2) and 12 
years (22.4 and 24.4 kg/m2). For the female gender, the BMI threshold, 
by age, for overweight and obese persons, respectively, is as follows: 
9 years (21 and 23 kg/m2), 10 years (21.8 and 24 kg/m2), 11 years (22.4 
and 24.6 kg/m2) and 12 years (22.9 and 25 kg/m2).
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Evaluation

The participants went to their school on an empty stomach. The 
evaluations were made at the school in the early morning. For the 
exploratory and descriptive analysis of the sample, the following mea-
surements were taken:

−− Anthropometric measurements, based on the international stan-
dards for the anthropometric assessment of the ISAK32:

−− Height and weight (SECA 214 Measuring Rod). These values were 
used to calculate the body mass index (BMI) and the weight/height 
ratio2 (Kg/m2).

−− Waist/hip ratio. To measure the waist to hip ratio (WHR), the par-
ticipants were told to stand upright and relaxed, with both feet 
together on a flat surface. The waist perimeter, measured with a 
tape measure (Seca 201 tape measure) was defined as the sma-
llest horizontal circumference between the rib cage and the iliac 
crests at the end of a normal exhalation. The hip circumference 
was measured at the gluteal prominence. The mean value of the 
two measurements was obtained. However, whenever there was 
a difference of more than 1 cm between the two measurements, 
a third measurement was taken and the average of the closest 
two measurements was calculated. The WHR was calculated as 
the coefficient between the waist circumference and the hip 
circumference.

−− Body composition. The body mass, the body fat and the % of body 
fat were determined by electrical bioimpedance (Tanita, BC-1500, 
Amsterdam, Holland). The electrical bioimpedance method has 
been shown to be reliable and valid to assess the body composition 
in a paediatric population33. The equipment used 8 electrodes and 
a single frequency of 50 kHz, with the sensitivity to detect weight 
gains of 0.1 kg and fat weight gains of 0.1%. This measurement was 
taken observing the rules defined in the consensus document of 
the Spanish group of Kinanthropometry34.

Metabolic parameters
A small prick was made on the fingertip by healthcare personnel 

using single-use disposable sterile lancets  (HTL-Strefa, MenaLancetPro, 
Leczyca, Poland). A portable reflectance photometric analyser (Roche 
Diagnostics, AccutrendPlus, Mannheim, Germany) with proven scientific 
validity35 was used to determine, by specific reactive strips, the blood 
values of glucose, triglycerides and cholesterol. A drop of fresh capillary 
blood (10-40 µl) was deposited on the reactive strip, which was subse-
quently inserted in the portable analyser. 

Statistical analysis

In order to perform a correct statistical analysis of the data, an 
exploratory data analysis was made. In order to assess the normality 
of the data, the Shapiro-Wilk test was used to check the normality of 
the data distribution while Levene’s test determined data uniformity.

A descriptive analysis was made of the data, to indicate the per-
centage of obesity among the schoolchildren analysed.

In order to establish comparisons between the various groups, a 
single factor ANOVA test was run with a Tukey Post-hoc analysis.

The level of significance for all the tests implemented was 5% (p 
<0.05). The data were presented as a mean (95% CI). The statistical 
software used to analyse all the data was the SPSS v.20 (IBM Corp., 
Armonk, NY, USA).

Results

A total of 233 participants were recruited, of which 116 were boys 
(49.79%) and 117 were girls (50.21%) (Table 1). 

77.6% of the boys were put in the normal weight group, while 
11.2% were classified as overweight and another 11.2% as obese. For 
the girls, 86.4% had a normal weight, 5.1% were overweight and 8.5% 
obese. The total percentage of participants who were either overweight 
or obese was 18% (Table 2).

The WHR was in a range between 0.81 and 0.90 cm, being at 0.87 cm 
for the obese group compared to 0.83 and 0.82 cm for the overweight 
and normal weight groups respectively (Table 3). 

The overweight and obese groups had higher body fat levels than 
the normal weight group (11.37 and 17.46 kg respectively). The fat 
percentages for the overweight and obese groups were higher than 
those for the normal weight group, 8.6% and 13.52% respectively. 
Statistically significant differences were found in both comparisons (p 
<0.05). The participants with the highest fat percentage were obese 
girls, while the boys in the normal weight group exhibited the lowest 
body fat percentage. 

The glucose levels shown by the different groups were between 
65.14 and 69.70 mg/dl, with no statistically significant differences 
between the groups or between the sub-groups (divided by gender). 

For triglyceride blood levels, there were no statistically significant 
differences between the groups, ranging from 79.36 to 89.67 mg/dl. The 
obese group had the highest level of triglycerides in the blood with a 
mean level of 84.45±9.42 mg/dl.

Table 1. Characteristics of participants.

Table 2. Percentage of boys/girls and total classified according 
to body mass index.

Gender	 Height	 Age	 BMI	 Weight 
	 (m)	 (years)	 (kg/m²)	 (kg)

Male	 1.45±0.08	 10.59±1.02	 18.73±3.31	 39.89±9.74 
(n=116)

Female	 1.48±0.09	 10.60±0.93	 18.69±3.04	 41.14±9.47 
(n=117)

Total	 1.46±0.13	 1 0.53±1.68	 18.66±4.89	 40.12±16.03 
(n=233)

Gender	 Normal weight	 Overweight	 Obese 
		  (%)	 (%)	 (%)

Male (n=116)	 77.6	 11.2	 11.2

Female (n=117)	 86.4	 5.1	 8.5

Total (n=233)	 82.0	 8.1	 9.9
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Although the obese group had the highest level of cholesterol 
in the blood with 163.39 mg/dl, there were no statistically significant 
differences between the groups (Table 4).

Discussion

The population studied had lower overweight and obesity levels 
than those established for similar populations in other studies conducted 
in Spain16. In any case, the proportion in the prevalence of overweight 
and obesity is likely to be greater in boys than girls, as shown by other 
studies such as Enkid36. In the Aladino study conducted in Spain during 
2015-2016 by the Spanish Agency for Food Safety and Nutrition 37 on 
surveillance of nutrition, physical activity, child development and obe-
sity, in which data were collected from 10,899 boys and girls aged from 
6 to 9 years at 165 schools in all the autonomous communities, it was 
found that 23.2% of schoolchildren were overweight and 18.1% were 
obese. More specifically, at the level of the autonomous community of 

Extremadura, the PERSEO study38, which used the Obergozo tables31 as a 
reference, concluded that 18.4% of boys and 14% of girls aged between 
6 and 10 years were obese. In any case, the results obtained in this study 
show that, despite the fact that the overweight and obesity levels are 
high, it appears that they have started to stabilise.

With regard to the anthropometric characteristics, the BMI is a good 
indicator of the total body fat and is widely used39. It was therefore the 
criterion used in this study to divide the subjects into groups in order to 
compare the different variables. However, one limitation to this indicator 
is that it does not reflect the anatomical distribution of the excess weight. 
In this respect, the concentration of abdominal fat is more representative 
of a future cardiovascular event and, therefore, other indices such as the 
WHR are also used40. Some investigations have shown that, for boys aged 
6-11 years, the body circumferences show the level of global adiposity41. 
In this study, it was observed that overweight and/or obese individuals 
had higher WHR levels than those with a normal weight, both for the 
total values and the values referring to the male gender. This would 

Table 4. Metabolic parameters in relation to the BMI of the subjects.

Table 3. Anthropometric measurements related to the BMI of the subjects.

Factor	 Normal weight (n=191)	 Overweight (n=19)	 Obese (n=23)

Gender	 M	 F	 Total	 M	 F	 Total	 M	 F	 Total

BMI (kg/m²)	 17.37±2.04a,b	 17.82±2.17a,b	 17.61±2.11a,b	 21.30±0.74	 22.52±0.72	 21.68±0.92	 25.52±1.65	 25.12±1.55	 25.34±1.58

		  (16.9 - 17.8)	 (17.4 - 18.3)	 (17.3 - 17.9)	 (20.8 - 21.8)	 (21.8 - 23.3)	 (21-2 - 22.1)	 (24.5 - 26.5)	 (24.0 - 26.2)	 (24.7 - 26.0)

WHR (cm)	 0.83±0.64b	 0.81±0.05	 0.82±0.06b	 0.84±0.49	 0.81±0.05	 0.83±0.05	 0.90±0.04	 0.83±0.10	 0.87±0.08 
		  (0.82 - 0.84)	 (0.80 - 0.83)	 (0.81 - 0.83)	 (0.82 - 0.88)	 (0.76 - 0.88)	 (0.81 - 0.86)	 (0.87 - 0.93)	 (0.76 - 0.91)	 (0.84 - 0.91)

Height(m)	 1.44±0.08	 1.47±0.08	 1.46±0.08	 1.42±0.07	 1.51±0.11	 1.45±0.09	 1.50±0.04	 1.49±0.09	 1.50±0.07 
		  (1.43 - 1.46)	 (1.45 - 1.49)	 (1.45 - 1.47)	 (1.38 - 1.47)	 (1.40 - 1.63)	 (1.41 - 1.50)	 (1.48 - 1.53)	 (1.43 - 1.57)	 (1.47 - 1.53)

Weight (kg)	 36.80±7.46a,b	 38.93±7.53a,b	 37.93±7.55a,b	 43.21±4.76	 52.30±8.91	 46.08±7.48	 57.97±5.92	 56.20±8.72	 57.37±7.12 
		  (35.2 - 38.4)	 (37.5 - 40.4)	 (36.9 - 39.0)	 (40.3 - 46.1)	 (42.9 - 61.7)	 (42.5 - 50.0)	 (54.4 - 61.6)	 (50.4 - 62.9)	 (54.3 - 60.5)

Fat mass(kg)	 5.17±2.73a,b	 6.97±3.30a,b	 6.13±3.17a,b	 9.53±1.71	 15.36±4.65	 11.37±3.96	 16.4±3.93	 18.75±4.12	 17.46±4.08 

		  (4.6 - 5.7)	 (6.3 - 7.6)	 (5.7 - 6.6)	 (8.5 - 10.6)	 (10.5 - 20.3)	 (9.5 - 13.3)	 (14.1 - 18.9)	 (15.8 - 21.7)	 (15.7 - 19.2)

% fat (%)	 13.49±5.66a,b	 18.23±9.59a,b	 16.01±8.32a,b	 22.64±2.90	 28.88±4.20	 24.61±4.40	 26.95±5.60	 32.89±2.69	 29.53±5.39 
		  (12.3 - 14.7)	 (16.3 - 20.1)	 (14.8 - 17.2)	 (20.9 - 24.4)	 (24.5 - 33.3)	 (22.5 - 26.7)	 (23.6 - 30.3)	 (31.0 - 34.8)	 (27.2 - 31.9)

WHR: Waist-hip ratio; M: Male; F: Female. 
aStatistically significant differences (p < 0.05) between normal weight and overweight. Results expressed as mean ± SD (95%CI).
bStatistically significant differences (p < 0.05) between normal weight and overweight. Results expressed as mean ± SD (95%CI).

Factor	 Normal weight (n=191)	 Overweight (n=19)	 Obese (n=23)

Gender	 M	 F	 Total	 M	 F	 Total	 M	 F	 Total

Glucose	 67.81±17.34	 65.14±14.04	 66.41±15.71	 69.23±6.00	 69.00±14.71	 69.16±9.17	 67.54±17.17	 69.70±14.17	 68.48±15.63 
(mg/dl)	 (64.2 - 71.4)	 (62.4 - 67.9)	 (64.2 - 68.7)	 (65.6 - 72.9)	 (53.6 - 84.4)	 (64.7 - 73.6)	 (57.2 - 77.9)	 (59.6 - 79.8)	 (61.7 - 75.2)

Triglycerides 	 80.68±14.20	 79.36±12.36	 79.98 ±13.24	 81.85±9.48	 88.50±7.79	 83.95±9.32	 89.67±13.17	 84.40±9.99	 84.45±9.42 
(mg/dl)	 (77.70-83.65)	 (76.91 – 81.80)	 (78.09-81.87)	 (76.11 – 87.58)	 (80.32–96.68)	 (79.45- 88.44)	 (81.29– 98.04)	 (77.25 – 91.55)	 (80.28 – 88.63)

Cholesterol	 157.92±31.65	 165.12±32.47	 161.73±32.20	 145.38±36.32	 148.67±32.29	 146.42±34.16	 172.69±41.20	 151.30±28.34	 163.39±37.04 
(mg/dl)	 (151.3 - 164.5)	 (158.7 - 171.5)	 (157.1 - 166.3)	 (123.5 - 167.3)	 (114.8 - 182.6)	 (130.0 - 162.9)	 (147.8 - 197.6)	 (131.0 - 171.6)	 (147.4 - 179.4)

M: Male; F: Female. 
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indicate a higher concentration of abdominal fat, as has been observed 
in recent studies42. These increased WHR values in boys compared to 
girls could be explained by over-feeding, lack of physical activity and 
a sedentary lifestyle of these boys in this age group43. Likewise, those 
overweight and/or obese individuals also exhibit higher levels of fat 
mass and percent body fat mass. This is a cause for concern given the 
fact that, during childhood, weight gain should be associated with 
maturational and physical changes, and not with increases in fat mass44. 

With regard to the metabolic parameters, obesity is a serious nutri-
tional problem related to disorders such as high blood pressure, type II 
diabetes and the development of cerebral or vascular thrombosis and 
which are associated with the serum level of cholesterol, glucose and 
triglycerides20,21,45. These authors demonstrated an association between 
artery distensibility and cholesterol levels, in a study on a population of 
apparently healthy children aged between 9 and 11 years. They found 
that the children had high LDL-C serum levels, lower distensibility of the 
brachial artery, which supports the possibility that the cholesterol level 
during childhood could be signifi cant for the development of vascular 
disease. In relation to the data obtained, despite the fact that the obese 
group showed a tendency to higher values, it was observed that the 
levels of the study participants were within a normal range. However, it 
should be borne in mind that normal concentrations of total cholesterol 
can give a false sense of not having a cardiovascular risk, as this could 
conceal low levels of HDL-cholesterol which, together with high levels 
of triglycerides, could lead to a diabetic dyslipidemia46. In this respect, 
it has already been demonstrated that greater physical activity by boys 
and girls produces a lower quantity of triglycerides47.  However, Garces 
et al.26 concluded that the BMI of a group of 1,048 Spanish children did 
not show a high association with the blood glucose values and total 
cholesterol, assuming that other factors such as age, maturational level 
and hormonal status of the schoolchildren could have a decisive impact 
on the association between obesity and risk factors. Likewise, in a recent 
study conducted on Chinese children, it was observed that the BMI 
showed a slight correlation with the metabolic parameters indicating 
a potential cardiovascular risk48. Similar results were obtained in another 
investigation in which it was concluded that the body mass index charts 
were useful in predicting cardiovascular risk factors in Australian and 
North American children. However their use was questioned in European 
and Asian children49. Finally, we need to refer to some limitations of our 
study. As the calorie intake was not assessed, it was not possible to check 
the actual intake of saturated fats and sugar in the diet. Neither was a 
questionnaire used on the practice of physical exercise. 

Conclusions

Approximately one in fi ve schoolchildren assessed were overweight 
or obese, with greater prevalence amongst boys than girls. Those boys 
and girls with a BMI indicating overweight or obesity had higher levels 
of body fat, although their blood parameters analysed (glucose, triglyce-
rides and cholesterol) were within the normal range. This would indicate 

that, during childhood, these blood parameters could be infl uenced 
by other factors not associated with obesity and BMI. Furthermore, 
other long-term longitudinal studies should be conducted in order to 
defi ne how and when obesity starts to be related to possible metabolic 
disorders. 

Financing

This study was fi nanced by the Regional Government of Extremadu-
ra (File number: GR15020) and the European Union with the framework 
of the RITECA II project (Cross-Border Research Network of Extremadura, 
Centre, Alentejo).

Bibliography

 1. Budd GM, Volpe SL. School-based obesity prevention: Research, challenges, and 
recommendations. J Sch Health. 2006;76(10):485-95.

 2. Chatterjee N, Blakely DE, Barton C. Perspectives on obesity and barriers to control from 
workers at a community center serving low-income Hispanic children and families. J 
Community Health Nurs. 2005;22(1):23-36.

 3. Costa-Font J, Gil J. Obesity and the incidence of chronic diseases in Spain: a seemingly 
unrelated probit approach. Econ Hum Biol. 2005;3(2):188-214.

 4. Perez-Farinos N, Lopez-Sobaler AM, Dal Re MA, Villar C, Labrado E, Robledo T, et al. The 
ALADINO study: a national study of prevalence of overweight and obesity in Spanish 
children in 2011. Biomed Res Int. 2013;2013:163687.

 5. Seidell JC. Obesity: a growing problem. Acta Paediatr Suppl. 1999;88(428):46-50.

 6. World Health Organization. Obesity: preventing and managing the global epidemic. 
Report of a WHO consultation. World Health Organ Tech Rep Ser. 2000;894:i-xii, 1-253.

 7. Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. Relationship of childhood 
obesity to coronary heart disease risk factors in adulthood: the Bogalusa Heart Study. 
Pediatrics. 2001;108(3):712-8.

 8. Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D, Stewart L, et al. Health 
consequences of obesity. Arch Dis Child. 2003;88(9):748-52.

 9. Weiss R, Dufour S, Taksali SE, Tamborlane WV, Petersen KF, Bonadonna RC, et al. Pre-
diabetes in obese youth: a syndrome of impaired glucose tolerance, severe insulin 
resistance, and altered myocellular and abdominal fat partitioning. Lancet. 2003;362 
(9388):951-7.

 10. Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, et al. Obesity and the 
metabolic syndrome in children and adolescents. N Engl J Med. 2004;350(23):2362-74.

 11. Flynn MA, McNeil DA, Maloff  B, Mutasingwa D, Wu M, Ford C, et al. Reducing obesity 
and related chronic disease risk in children and youth: a synthesis of evidence with 
'best practice' recommendations. Obes Rev. 2006;7 Suppl 1:7-66.

 12. Tsiros MD, Coates AM, Howe PR, Grimshaw PN, Buckley JD. Obesity: the new childhood 
disability? Obes Rev. 2011;12(1):26-36.

 13. Fernandez-Berges D, Cabrera de Leon A, Sanz H, Elosua R, Guembe MJ, Alzamora 
M, et al. Metabolic syndrome in Spain: prevalence and coronary risk associated with 
harmonized defi nition and WHO proposal. DARIOS study. Rev Esp Cardiol (Engl Ed). 
2012;65(3):241-8.

 14. Moreno LA, Mesana MI, Fleta J, Ruiz JR, Gonzalez-Gross M, Sarria A, et al. Overweight, 
obesity and body fat composition in spanish adolescents. The AVENA Study. Ann Nutr 
Metab. 2005;49(2):71-6.

 15. Quiles J, Perez-Rodrigo C, Serra-Majem L, Román Viñas B, Aranceta J. Situación de la 
obesidad en España y estrategias de intervención. Rev Esp Nutr Comunitaria 2008; 
14(3):142-9.

 16. Sánchez-Cruz J-J, Jiménez-Moleón JJ, Fernández-Quesada F, Sánchez MJ. Prevalencia 
de obesidad infantil y juvenil en España en 2012. Rev Esp Cardiol. 2013;66(05):371-6.

 17. Ahrens W, Pigeot I, Pohlabeln H, De Henauw S, Lissner L, Molnar D, et al. Prevalence of 
overweight and obesity in European children below the age of 10. Int J Obes (Lond). 
2014;38 Suppl 2:S99-107.

 18. Cadenas-Sanchez C, Nystrom CD, Sanchez-Delgado G, Martinez-Tellez B, Mora-
Gonzalez J, Risinger AS, et al. Prevalence of overweight/obesity and fi tness level in 
preschool children from the north compared with the south of Europe: an exploration 
with two countries. Pediatr Obes. 2016;11(5):403-10.



Rafael Timón, et al.

98 Arch Med Deporte 2018;35(2):93-98

	 19.	 Martínez-Vizcaíno F, Salcedo-Aguilar F, Rodríguez-Artalejo F, Martínez-Vizcaíno V, Do-
mínguez Contreras ML, Torrijos Regidor R. Prevalencia de la obesidad y mantenimiento 
del estado ponderal tras un seguimiento de 6 años en niños y adolescentes: estudio 
de Cuenca. Med Clin (Barc). 2002;119(9):327-30.

	 20.	 Friedland O, Nemet D, Gorodnitsky N, Wolach B, Eliakim A. Obesity and lipid profiles 
in children and adolescents. J Pediatr Endocrinol Metab. 2002;15(7):1011-6.

	 21.	 Sinha R, Fisch G, Teague B, Tamborlane WV, Banyas B, Allen K, et al. Prevalence of 
impaired glucose tolerance among children and adolescents with marked obesity. N 
Engl J Med. 2002;346(11):802-10.

	 22.	 Garcés C, de Oya M. Factores de riesgo cardiovascular en la edad infantil. Resultados 
globales del estudio Cuatro Provincias. Rev Esp Cardiol. 2007;60(05):517-24.

	 23.	 Dietz WH. Overweight in childhood and adolescence. N Engl J Med. 2004;350(9):855-7.

	 24.	 Guo SS, Wu W, Chumlea WC, Roche AF. Predicting overweight and obesity in adulthood 
from body mass index values in childhood and adolescence. Am J Clin Nutr. 2002; 
76(3):653-8.

	 25.	 Serdula MK, Ivery D, Coates RJ, Freedman DS, Williamson DF, Byers T. Do obese children 
become obese adults? A review of the literature. Prev Med. 1993;22(2):167-77.

	 26.	 Garces C, Gutierrez-Guisado J, Benavente M, Cano B, Viturro E, Ortega H, et al. Obesity 
in Spanish schoolchildren: relationship with lipid profile and insulin resistance. Obes 
Res. 2005;13(6):959-63.

	 27.	 Aranceta J, Perez-Rodrigo C, Serra-Majem L, Bellido D, de la Torre ML, Formiguera X, 
et al. Prevention of overweight and obesity: a Spanish approach. Public Health Nutr. 
2007;10(10A):1187-93.

	 28.	 Martinez-Gomez D, Eisenmann JC, Gomez-Martinez S, Veses A, Marcos A, Veiga OL. 
Sedentary behavior, adiposity and cardiovascular risk factors in adolescents. The 
AFINOS study. Rev Esp Cardiol (Engl Ed). 2010;63(3):277-85.

	 29.	 Moliner-Urdiales D, Ruiz JR, Ortega FB, Rey-Lopez JP, Vicente-Rodriguez G, Espana-
Romero V, et al. Association of objectively assessed physical activity with total 
and central body fat in Spanish adolescents; the HELENA Study. Int J Obes (Lond). 
2009;33(10):1126-35.

	 30.	 Serra-Majem L, Garcia-Closas R, Ribas L, Perez-Rodrigo C, Aranceta J. Food patterns 
of Spanish schoolchildren and adolescents: The enKid Study. Public Health Nutr. 
2001;4(6A):1433-8.

	 31.	 Sobradillo B, Aguirre A, Aresti U, Bilbao A, Fernández-Ramos C, Lizárraga A, et al. Curvas 
y tablas de crecimiento. Bilbao: Fundación Faustino Obergozo Eizaguirre. 2004;9-26.

	 32.	 Stewart A, Marfell-Jones M, Olds T, de Ridder H. International standards for anthropo-
metric assessment. New Zealand: ISAK. LowerHutt; 2011.

	 33.	 Kabiri LS, Hernandez DC, Mitchell K. Reliability, Validity, and Diagnostic Value of a 
Pediatric Bioelectrical Impedance Analysis Scale. Child Obes. 2015;11(5):650-5.

	 34.	 Alvero-Cruz JR, Cabañas MD, Herero Á, Martínez L, Moreno C, Porta J, et al. Protocolo 
de valoración de la composición corporal para el reconocimiento médico-deportivo. 
Documento de consenso del Grupo Español de Cineantropometría (GREC) de la Fede-
ración Española de Medicina del Deporte (FEMEDE). Versión 2010. AMD. 2010;139:330-
46.

	 35.	 Coqueiro Rda S, Santos MC, Neto Jde S, Queiroz BM, Brugger NA, Barbosa AR. Validity 
of a portable glucose, total cholesterol, and triglycerides multi-analyzer in adults. Biol 
Res Nurs. 2014;16(3):288-94.

	 36.	 Serra Majem L, Ribas Barba L, Aranceta Bartrina J, Perez Rodrigo C, Saavedra Santana 
P, Pena Quintana L. [Childhood and adolescent obesity in Spain. Results of the enKid 
study (1998-2000)]. Med Clin (Barc). 2003;121(19):725-32.

	 37.	 Agencia Española de Consumo Seguridad Alimentaria y Nutrición. Estudio ALADINO 
2015: Estudio de Vigilancia del Crecimiento, Alimentación, Actividad Física, Desarrollo 
Infantil y Obesidad en España 2015. Madrid: Ministerio de Sanidad, Servicios Sociales 
e Igualdad, 2016.

	 38.	 Aranceta J. El programa PERSEO como modelo de prevención de la obesidad en la 
edad escolar. Nutr Hosp. 2008;23(S1):50-5.

	 39.	 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child 
overweight and obesity worldwide: international survey. BMJ. 2000;320(7244):1240-3.

	 40.	 Bennasar-Veny M, Lopez-Gonzalez AA, Tauler P, Cespedes ML, Vicente-Herrero T, Yanez 
A, et al. Body adiposity index and cardiovascular health risk factors in Caucasians: a 
comparison with the body mass index and others. PloS one. 2013;8(5):e63999.

	 41.	 Tiret L, Ducimetiere P, Andre JL, Gueguen R, Herbeth B, Spyckerelle Y, et al. Family 
resemblance in body circumferences and their ratios: the Nancy family study. Ann 
Hum Biol. 1991;18(3):259-71.

	 42.	 Rodriguez-Bautista YP, Correa-Bautista JE, Gonzalez-Jimenez E, Schmidt-RioValle J, 
Ramirez-Velez R. Values of Waist/Hip Ratio among Children and Adolescents from 
Bogota, Colombia: The Fuprecol Study. Nutr Hosp. 2015;32(5):2054-61.

	 43.	 Chen JL, Wu Y. Cardiovascular risk factors in Chinese American children: associations 
between overweight, acculturation, and physical activity. J Pediatr Health Care. 2008; 
22(2):103-10.

	 44.	 Dobashi K. Evaluation of Obesity in School-Age Children. J Atheroscler Thromb. 2016; 
23(1):32-8.

	 45.	 Leeson CP, Whincup PH, Cook DG, Mullen MJ, Donald AE, Seymour CA, et al. Cholesterol 
and arterial distensibility in the first decade of life: a population-based study. Circulation. 
2000;101(13):1533-8.

	 46.	 Parhofer KG. Interaction between Glucose and Lipid Metabolism: More than Diabetic 
Dyslipidemia. Diabetes Metab J. 2015;39(5):353-62.

	 47.	 Cordova A, Villa G, Sureda A, Rodriguez-Marroyo JA, Sánchez-Collado MP. Actividad 
física y factores de riesgo cardiovascular de niños españoles de 11-13 años. Rev Esp 
Cardiol (Engl Ed). 2012;65(07):620-6.

	 48.	 Ma L, Cai L, Deng L, Zhu Y, Ma J, Jing J, et al. Waist Circumference is Better Than Other 
Anthropometric Indices for Predicting Cardiovascular Disease Risk Factors in Chinese 
Children-a Cross-Sectional Study in Guangzhou. J Atheroscler Thromb. 2016;23(3):320-9.

	 49.	 l'Allemand-Jander D. Clinical diagnosis of metabolic and cardiovascular risks in 
overweight children: early development of chronic diseases in the obese child. Int J 
Obes (Lond). 2010;Suppl 2:S32-6.


