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Abstract 

Background:  The metabolic syndrome (MS) has been assessed since childhood mainly because of the nutritional 
and epidemiological transition that has occurred worldwide. Our objectives were to explore the MS and its compo-
nents according to anthropometric and demographic factors and to assess the relationship among MS components 
and dietary characteristics in overweight and obese schoolchildren.

Methods:  This was a cross-sectional study which included 147 schoolchildren (aged 6–10 years) from three elemen-
tary schools, with body mass index (BMI) higher than the 85th percentile. Sexual maturation stages, anthropomet-
ric measures (weight, height, skinfold thickness and waist circumference), biochemical data (glucose, HDL-C and 
triacylglycerol), blood pressure and dietary intake were assessed. The metabolic syndrome was diagnosed if three or 
more of the following components were presented: waist circumference ≥90th age and sex-specific cut-off, blood 
pressure ≥90th age, sex and height-specific cut-off, glucose ≥100 mg/dL, HDL-C ≥ 40 mg/dL and triacylglycer-
ols ≥ 110 mg/dL. The dietary intake was assessed by three non-consecutive 24-h recalls. The T test, Kruskal–Wallis and 
multiple linear regression analysis were applied to assess MS components and dietary intake.

Results:  The MS percentage was 10.2 % and it was higher in obese children and ones with high body fat percent-
age. The waist circumference was the main altered component of MS and 62 % of overweight schoolchildren showed 
at least one altered component of MS. The components of metabolic syndrome associated with dietary intake were 
triacylglycerol (positive association with saturated and monounsaturated fat, whole-milk products and processed 
foods and negative associated with legumes and polyunsaturated fat), glycemia (positive association with processed 
foods and negative with cereals), HDL-C (positive association with vegetables and greens) and waist circumference 
was negative associated with protein.

Conclusions:  The frequency of MS was higher in obese than overweight schoolchildren and the frequency of at 
least one MS component was high in more than half of our subjects. The waist circumference was the most frequent 
among all other components. The triacylglycerol and glycemia were the most frequent MS components associated 
with dietary intake. Unprocessed food was considered a protective dietary factor for MS metabolic components and 
processed food with high percentage of sugar and saturated fat was a risk factor for MS metabolic components.
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Background
The definition and diagnosis of metabolic syndrome (MS) 
in pediatric population is still controversial and not yet 
consensual [1]. The challenge of establishing a definition 
for MS through childhood is related to many methodo-
logical and physiological limitations, such as factors that 
influence plasma lipid levels (age, sex, and race) [2], pres-
ence of a transient physiologic insulin resistance during 
puberty [3, 4], lack of a standard central obesity measure-
ment, and lack of normal ranges for insulin concentra-
tions. Moreover, children and adolescents with MS may 
have different threshold values for laboratory abnormali-
ties when compared to adults [5].

There are different metabolic syndrome criteria cut-
off values, but there is an agreement for the use of com-
ponents, such as one anthropometric parameter (waist 
circumference or body mass index), one parameter for 
glucose metabolism (HOMA-R or fasting glycemia) and 
two parameters of lipids (triacylglycerols and HDL-C) 
and blood pressure [6]. The most used criteria are those 
proposed by Cook et al. [7] which is an adaptation of the 
National Cholesterol Education Program—Adult Treat-
ment Panel (NCEP-ATP III) [7] and by international dia-
betes federation (IDF) [8]. The main difference between 
them is that IDF established that MS cannot be diagnosed 
for children under 10 years of age. However, for children 
with family history of MS, hypertension and diabetes 
mellitus it should be assessed. Although being of difficult 
diagnosis, MS in childhood has been supposed to be a risk 
factor for adult cardiovascular and metabolic complica-
tions [2]. The MS components could be selected in studies 
during childhood as cross-sectional predictors in order to 
mark the presence of metabolic impairment [2].

Obesity could be considered a key risk factor for the 
development of MS, mediated mainly by lipid partition-
ing (distribution of body fat in organs and compart-
ments). The effect of obesity is determined by the pattern 
of lipid partitioning affecting the secretion profile of 
adipocytokines and free fat acids. The combined effect 
of these factors determines the sensitivity of insulin at 
the target organs (liver and muscle) and the endothelial 
function. The visceral fat is more resistant to insulin [1]. 
Unhealthy diet and physical inactivity are considered 
risk factors for obesity. Obese Mexican schoolchildren 
showed lower quality of diet, higher intake of sweetened 
beverages and refined carbohydrates with added fat and 
they were less physically active at school than eutropic 
schoolchildren [9].

Some studies have explored the association of dietary 
intake and MS or its components in children and ado-
lescents [10–13]. High processed food rich in hydrogen-
ated vegetal fat, sodium, refined grains and sugar have 
been the main focus of studies and it is associated with 

the increased obesity and comorbidities rates [14–16], 
and MS [10]. A high sugar-sweetened beverages intake 
(500 mL/day) was associated with MS in Taiwan adoles-
cent boys. The sugar-sweetened beverages intake is asso-
ciated with higher waist circumference, systolic blood 
pressure and triacylglycerols values [17]. There is a posi-
tive association between higher intake of high processed 
food and MS prevalence in Brazilian adolescents [18]. A 
study with pre-puberty Korean children showed a posi-
tive relationship between higher scores of western die-
tary pattern and the prevalence of MS components [19]. 
On the other hand, the intake of fruits, vegetables, and 
dairy products seems to have an inverse association with 
the presence of MS [11].

The studies about dietary intake and MS previously 
described included adolescents or pre-adolescents. Our 
study can contribute to literature because we studied the 
MS characteristics and its relationship with dietary fac-
tors in the beginning and in the end of childhood. We 
explored the macronutrients and food groups associ-
ated with each MS components as well. This study had 
two objectives: the first one was to explore the MS and 
its components according to anthropometric and demo-
graphic factors and the second one to assess the relation-
ship among MS components and dietary characteristics 
in overweight and obese schoolchildren.

Methods
Subjects and study design
This was a cross-sectional study including 147 over-
weight and obese schoolchildren aged 6–10  years, from 
three primary schools of Botucatu, São Paulo State, Bra-
zil. The study was developed between June-2007 and 
August-2008. These schools were chosen based on pre-
vious approval of their principals and the Municipal 
Department of Education. Parents or legal guardians 
signed consent forms for their children’s participation on 
this study. The inclusion criteria consisted of BMI >85th 
percentile and the absence of any endocrine, renal, heart, 
or liver diseases. We opted to exclude children with pre-
vious diagnosis of diabetes mellitus (type I or II), because 
it could have altered lipids, blood pressure and mainly 
food intake. We included only overweight and obese 
schoolchildren because the excess of body weight and 
body fat are the main risk factors for high blood lipids, 
high blood pressure and MS. A recent recommendation 
of clinical management is that all obese children and 
adolescents should be assessed for MS components. We 
applied BMI as a screening tool to select overweight and 
obese with possible high health risk factor [2, 20, 21].

The study was developed in 4 phases: (1st) It was per-
formed the anthropometric and blood pressure assess-
ment screening (n =  702). (2nd) It was performed the 
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selection of eligible schoolchildren (BMI  ≥85th age 
and sex-specific percentile) (n  =  246). One child was 
excluded because of hypothyroidism, 62 schoolchildren 
did not agree to participate in the next phases of the 
study, and six schoolchildren dropped out from school. 
The invitation for all overweight and obese schoolchil-
dren to participate on the three phases of this study was 
implemented by a phone call for parents or legal guard-
ians. The anthropometric diagnosis was explained (over-
weight or obese) and they were invited to participate in 
the following three phases. We opted to call to avoid any 
type of social exposition of the overweight and obese 
schoolchildren. After the phone call invitation and the 
exclusion criteria, it was applied the first 24-h dietary 
recall and the clinical examination (n  =  177). (3rd) A 
biochemical exams was performed and then the second 
24-h dietary recall was applied (n =  155). Twenty two 
schoolchildren were excluded for not having biochemi-
cal exams. (4th) The biochemical exam results were 
explained to the parents and it was applied the third 24-h 
dietary recall (n = 147) (Fig. 1). All 24-h dietary recalls, 
clinical examinations and biochemical exams were devel-
oped in each school.

It was relevant to explain that parents/legal guard-
ians from overweight and obese schoolchildren signed 

two different consent forms: the first one was for allow-
ing schoolchildren to participate on the anthropometric 
assessment screening and the second one was allowing 
schoolchildren to participate on the next three phases of 
the study (only overweight and obese schoolchildren).

Anthropometric, blood pressure and sexual maturation 
assessment
Anthropometric status assessment consisted of meas-
uring weight (Filizola®), height (Seca®), arm and waist 
circumference and triciptal and subscapular skinfolds 
(Lange®) according to World Health Organization [22]. 
BMI was calculated by dividing the weight (kg) by the 
height squared (m2) and it was classified according to 
age and sex-specific percentiles [23]. Body fat percent-
age was estimated using a sex-specific equation proposed 
by Slaughter et  al. [24], based on the sum of tricipital 
and subscapular skinfolds. The body fat percentage was 
classified as moderately high if it was  ≥25  % for girls 
and ≥20 % for boys [25].

Blood pressure was measured using auscultatory 
method and it was classified according to sex, age and 
height percentile [26]. Sexual maturation stages were 
assessed by a pediatrician and classified according 
to Tanner sexual maturation scale [27]. We classified 
schoolchildren as pre-pubertal (stage 1) and pubertal 
(stages 2, 3 and 4). Nobody was classified into stage 5.

Biochemical tests and the MS
Schoolchildren were submitted to vacuum venous punc-
ture after 12-h nocturnal fasting. Biochemical parameters 
of glucose, HDL-C and triacylglycerols were quantified by 
using a semi-automated spectrophotometer (Labquest®, 
Labtest Diagnóstica) and commercial kits (Labtest Diag-
nóstica) by the enzyme colorimetric method.

The MS was diagnosed according to National Choles-
terol Education Program—Adult Treatment Panel III 
(NCEP-ATP III) criteria with some adaptations proposed 
by Cook et al. [7] for children and adolescents. Therefore, 
the MS criteria after all adaptation was: waist circum-
ference  ≥90th age and sex-specific cut-off [28], blood 
pressure ≥90th age, sex and height-specific cut-off [26], 
glucose ≥ 100 mg/dL [29], HDL-C ≥ 40 mg/dL and tria-
cylglycerols ≥ 110 mg/dL [7].

Dietary intake assessment
Three 24-h dietary recalls were applied to assess dietary 
intake (two of them referring to non-consecutive week-
days—and one to the weekend). In addition, all food and 
beverages consumed on the previous day of the visit were 
recorded by the interviewer [30]. The 24-h dietary recalls 
were applied in the presence of any adult responsible for 
the child’s diet, in order to enhance answer accuracy. 

1st phase
Schoolchildren from three primary school (anthropometric and blood pressure 

assessment) (n=702)

2nd phase
Schoolchildren body mass index ≥ 85th age and sex-specific percentile (CDC, 2000)

(n=246)

3rd phase
2nd 24-hour dietary recall and biochemical exam

(n=177)

1st 24-hour dietary recall and clinical examination (n=177)

Exclusion criteria: hypothyroidism 
(n=1)

Children who did not agree to 
participated (n=62)

Children who dropped out from 
school (n=7)

4th phase
3rd 24-hour dietary recall and biochemical exam results 

(n=147)

Children who did not agree to 
participated of biochemical test 

(n=22)

Children with incomplete date 
(n=8)

Fig. 1  Flowchart of overweight and obese schoolchildren selection 
(4 phases)
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Dietary data obtained in homemade measurements were 
converted into grams and milliliters to estimate the total 
energy intake, macronutrients and fiber [31–33]. A pho-
tographic food atlas of portion size was used to improve 
the accuracy of food intake [34]. The centesimal compo-
sition of food was calculated using NutWin® (2002) soft-
ware, version 1.5., a Brazilian software that incorporates 
the United State Department of Agriculture (USDA) 
nutrient database.

Food and preparation were transformed into servings 
according to six basic food groups: cereals, legumes, veg-
etables, fruits, meats and egg (red meat, chicken, fish, and 
egg), and dairy food (milk, yogurt and cheese). The oil 
and fat group was expressed as saturated, mono and pol-
yunsaturated, and sugar as a percentage of total energy 
intake. The following foods were considered in the sugar 
group: sugar, honey, juice powder, condensed milk, dulce 
de leche, sodas, artificial fruit juice, sweetened beverages, 
sweetened soy-based fruit beverages, candy, gum, lolly-
pops, chocolate drinks, energy bars. Meal preparations 
were broken down into ingredients, so that they could be 
included in their respective food groups.

We assessed the percentage of sugar and processed 
(industrialized) food from total energy intake and the 
food was separated into two groups: processed food (cake 
mix, chips, frozen food, nuggets, chocolate drinks, pud-
ding mix, noodles, microwave popcorn, sugar-based 
breakfast cereal cookies) and food with high sugar and 
fat content—those with a fat percentage higher than 35 % 
and sugar higher than 10  % of total calories (chocolate, 
milk-based ice cream, sandwich cookies, wafers).

Statistical analysis
The normality of data was tested by the Shapiro–Wilk 
Test. The triciptal skinfold and height were summarized 
in average and standard deviation. The weight, BMI, 
waist circumference, subscapular skinfold and body fat 
percentage were summarized in median and interquar-
tile interval. Sexual maturation and MS components 
were described in percentages. Student’s Test T and 
Kruskal–Wallis were used to compare the anthropomet-
ric measurements in different MS component numbers. 
The multiple linear regression model was used to explore 
the relationship of dietary intake (expressed in macro-
nutrients, food groups and total energy percentage) and 
the MS components, adjusted for sex, age and school. For 
such adjustment, the MIXTRAN routine was used. This 
routine was developed by Tooze et al. [35] and considers 
a mixed model of two parts: frequency and amount con-
sumed. In this case, only the second part of the model, 
with the adjustment of the amounts consumed, was 
used. This routine already considers data normality using 
the Box-Cox transformation. The level of significance 

adopted to be considered in the model was 0.05. The 
level of significance adopted for all statistical analysis was 
p < 0.05. Statistical analysis was performed using the sta-
tistical analysis Software (version 9.1.3, 2006, SAS Insti-
tute Inc, Cary, NC).

Results
One hundred and forty-seven overweight and obese 
schoolchildren participated in the study, average age of 
7.9 ±  1.4 years, 52 % girls and 63 % obese. Most of the 
schoolchildren (80.3 %) were classified with high body fat 
percentage and the average values were similar for both 
sex. Regarding sexual maturation, 66.7  % were classi-
fied as pre-pubertal. The average age of pre-pubertal was 
lower than pubertal, 7.5 ±  1.3 and 8.9 ±  1.0  years old, 
respectively (data not shown). All anthropometric meas-
ures were significantly higher for children with one or 
more MS components and higher for children with MS. 
The average age was the same among three categories of 
MS components (Table 1).

The percentage of MS in our study was 10.2  %. The 
percentage of schoolchildren which had one altered MS 
component was 28.6 % and two was 23.1 % (Fig. 2a). The 
percentage of MS was similar for sex (6 girls and 9 boys, 
p value = 0.339) and sexual maturation (10 pre-pubertal 
and 5 pubertal, p value = 0.604). However, MS was sig-
nificantly higher for obese (2 overweight and 13 obese 
schoolchildren, p value = 0.042) and for elevated body fat 
percentage schoolchildren (0 adequate and 15 elevated 
body fat percentage, p value = 0.043) (data not shown). 
The most frequent altered MS component was abnormal 
waist circumference (47.6 %) followed by lipids (HDL-C 
and triacylglycerols) (Fig. 2b).

We explored the association among MS components 
and energy intake, macronutrients, cholesterol and fiber 
(Table  2) and among MS components and food groups 
and percentage of energy intake from sugar and pro-
cessed foods (Table 3). There were not association among 
MS and dietary characteristics. One possible reason was 
the low percentage of MS in this sample. The multiple 
linear regression models showed that protein had an 
inverse association with waist circumference. Saturated 
fatty acids and monounsaturated fatty acids were posi-
tively associated with triacylglycerol while polyunsatu-
rated fatty acids had a negative association (Table 2).  

When using the MS components as outcome variables 
and food groups as predictor variables it was noted a 
positive association of vegetables consumption and HDL-
C, and dairy food intake and triacylglycerol. A negative 
association was observed between cereal intake and gly-
cemia, and legumes intake and triacylglycerol. Also, there 
was a positive association of processed foods intake and 
glycemia, and of processed food plus high sugar and fat 
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content foods intake and glycemia and triacylglycerol 
(Table 3).

Discussion
The main results of this study were: (a) the frequency of 
MS was 10.2 %, it was more frequent in obese schoolchil-
dren and for schoolchildren with elevated body fat. The 
frequency were similar for both sex and for both sexual 
maturation stage (pre- and puberty). The MS percentage 
was low, but 62 % of schoolchildren showed at least one 
altered MS component; (b) the most frequent MS com-
ponent was elevated waist circumference and the least 
one was glycemia. For all anthropometric measurements, 
except height, there was an increase according to the 
increase of number of MS components; (c) the MS was 
not associated with dietary intake, but its components 
were associated with some dietary factors. Triacylglyc-
erol and glycemia showed more pronounced association 
with food components, mainly processed food and pro-
cessed plus high sugar and fat content food. The saturated 
and monounsaturated fat were positively associated with 
triacylglycerol and the polyunsaturated fat was negatively 
associated with triacylglycerol. The legumes, especially 
beans, showed negative association with triacylglycerol.

In summary, our findings suggest that MS is not associ-
ated with dietary intake but when we analyzed MS com-
ponents we found that plasma triacylglycerol and glucose 
concentrations had associations with food components 
such as high processed food and processed plus high 
sugar and fat content food.

The percentage of MS in this study was similar to 
regional Brazilian, American and European data from 
studies which adopted similar MS criteria [36–42], 

Table 1  Age and anthropometric measures of overweight and obese schoolchildren by number of MS components. Botu-
catu-SP-Brazil, 2007–2008

BMI body mass index, WC waist circumference
a, b, c  Different letters = statistically significant
d  Height and tricipital skinfold are expressed in average and standard deviation

Anthropometric measuresd MS components median (1st; 3rd quartiles) p trend

0 (n = 56) 1 and 2 (n = 76) ≥3 (n = 15)

Age (years) 7.8 ± 1.4a 7.9 ± 1.4a 8.3 ± 1.7a 0.224

Weight (kg) 33.1 (29.7; 38.9)a 40.5 (34.6; 49.8)b 50.3 (39.0; 61.9)c 0.000

Height (cm) 1.31 ± 0.1a 1.37 ± 0.11b 1.44 ± 0.13b 0.000

BMI (kg/m2) 19.8 (18.8; 20.9)a 22.3 (20.9; 24.2)b 25.1 (24.2; 27.4)c 0.000

WC (cm) 64.1 (61.3; 69.3)a 73.0 (67.5; 78.3) 81.0 (75.0; 87.0)c 0.000

Triciptal skinfold (mm) 17.9 ± 3.9a 20.8 ± 4.6b 23.5 ± 4.0c 0.000

Subscapular skinfold (mm) 10.3 (8.0; 14.5)a 16.0 (12.0; 20.0)b 20.0 (17.0; 23.0)c 0.000

Body fat (%) 25.3 (21.9; 29.2)a 30.4 (26.1; 33.3)b 33.2 (29.4; 38.1)c 0.000
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Fig. 2  Number of MS altered components (a) and type of MS 
component (b) of overweight and obese school children. Botucatu-
SP-Brazil, 2007–2008
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without influence of sex or sexual maturation. The most 
frequent MS components presented in our subjects 
were altered waist circumference followed by abnormal 
plasma concentrations of HDL-C and triacylglycerol. 
This same pattern was found in other studies [29, 41, 43–
46]. A recent study with pre-pubertal Korean children 
found that altered waist circumference and abnormal 
blood pressure were the two most prevalent components 
of MS, followed by abnormal plasma concentration of 
triacyglycerol [19]. It is noteworthy that either altered 
waist circumference or BMI are the MS components with 
the highest prevalence in pediatric population. They also 
seem to be the differential factor of prevalence of MS 
among different studies, depending on the cutoff point 
adopted.

In our study, impaired glucose metabolism (fasting 
hyperglycemia) was detected in only one child, repre-
senting the MS component with the smallest frequency. 
This fact was also found in other studies [39, 40, 42, 44, 
47, 48]. Such small percentage can be explained by the 
greater capacity of beta-pancreatic cells to compensate 

for excessive blood glucose in childhood. The investiga-
tion of plasma insulin concentration is indicated since 
it may be altered at this age range and represents a risk 
factor for MS [49]. Insulinemia has been assessed in 
epidemiological studies as an indicator of insulin resist-
ance due to its high sensitivity and good correlation 
with HOMA-IR [50]. The altered glycated hemoglobin 
and hyperglycemia are more likely to be diagnosed only 
in children with BMI values above the 99th percentile, 
thus showing that glycemic alteration seems to be a late 
response to overweight [51]. It is discussed that the pres-
ence of [52] MS in children is more related to obesity, and 
in adolescence and adulthood to insulin resistance.

There are few studies performed with schoolchildren 
that associated dietary factors and MS. Liao et  al. [53] 
found negative association between MS prevalence and 
healthy dietary score [53]. Some dietary characteristics 
such as not skipping main meals (breakfast, lunch and 
dinner), consuming less margarine and sweetened bever-
ages were protective and decreased the development of 
MS [54] In the present study MS was not associated with 

Table 2  Multiple linear regression between  MS components and  energy, macronutrients and  fiber of  overweight 
and obese schoolchildren. Botucatu-SP-Brazil, 2007–2008

SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
a  Regression model adjusted for age, sex, school, MS components. The values in italic corresponding of p value ≤ 0.05
b  p value = 0.0003
c  p value = 0.0144
d  p value = 0.0467
e  p value = 0.0317

MS components

WC BP HDL-C TG Glycemia

β (SE)a

Energy, macronutrients and fiber

 Total energy intake(kcal) 0.19 (0.21) 0.14 (0.25) −0.25 (0.26) 0.45 (0.42) 0.03 (0.94)

 Carbohydrates (g) 0.14 (0.13) 0.11 (0.18) −0.14 (0.14) 0.34 (0.22) 0.03 (0.72)

 Carbohydrates (%) 0.23 (0.79) −0.19 (1.29) 0.76 (1.04) 0.24 (0.98) −0.64 (5.55)

 Protein (g/kg/day) −0.18 (0.04)b −0.02 (0.08) −0.04 (0.05) 0.08 (0.06) 0.02 (0.33)

 Protein (%) 0.09 (0.07) −0.06 (0.11) 0.04 (0.08) −0.02 (0.08) −0.17 (0.45)

 Total fat (g) 0.06 (0.16) 0.29 (0.28) −0.40 (0.24) 0.41 (0.25) 0.40 (1.12)

 Total fat (%) −0.84 (0.85) 0.60 (1.06) −1.10 (1.02) 0.00 (0.76) 2.06 (4.49)

 SFA (g) 0.02 (0.13) 0.19 (0.22) −0.33 (0.17) 0.47 (0.19)c 1.25 (0.99)

 SFA (%) −0.17 (0.13) 0.11 (0.20) −0.18 (0.15) 0.22 (0.16) 1.44 (0.93)

 MUFA (g) 0.04 (0.11) −0.01 (0.18) −0.14 (0.13) 0.28 (0.14)d −0.14 (0.85)

 MUFA (%) −0.07 (0.08) −0.09 (0.12) −0.01 (0.09) 0.03 (0.09) −0.20 (0.53)

 PUFA (g) 0.03 (0.11) 0.29 (0.18) −0.07 (0.12) −0.02 (0.13) −1.10 (0.78)

 PUFA (%) −0.07 (0.09) 0.17 (0.15) 0.04 (0.10) −0.25 (0.12)e −0.99 (0.65)

 Cholesterol (mg) −0.11 (0.36) 0.50 (0.62) −0.44 (0.44) 1.05 (0.58) 4.81 (3.15)

 Fiber (g) 0.37 (0.12) 0.09 (0.17) −0.19 (0.12) −0.22 (0.14) −1.11 (0.75)
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dietary components and food group, probably because of 
the low MS percentage (10.2 %), also found by other stud-
ies [11–13, 55].

Triglyceridemia was positively associated with satu-
rated fat and sugar intake, which are dietary items that 
are predominantly found in industrialized food, while 
polyunsaturated fat and legumes consumption were 
negatively associated [54, 56]. The main type of fatty 
acids found in processed food is palmitic acid or palmi-
tate (C16:0). This fatty acid has been related not only to 
the larger production of adipose tissue (hyperplasia and 
hypertrophy), but also to larger production of oxygen 
reactive species and greater stimulus for TNFα produc-
tion. Therefore, this inflammatory condition may lead 
to resistance to the peripheral action of insulin [57]. It is 
also postulated that high fat content, particularly that of 
saturated fat, leads to reduced peripheral and nervous-
system leptin action and inhibition of insulin action in 
the brain, augmenting hunger and appetite [16].

In addition to saturated fat, industrialized food contain 
the trans-type fat, which may increase LDL-C concentra-
tion, reduce HDL-C, increase total cholesterol/HDL-C 
ratio, Lp(a) and reduce the size of the LDL-C particle, 
and make it more prone to oxidation [58]. A recent meta-
analysis including only adults, showed that dietary cho-
lesterol was not linearly related with plasma cholesterol 

and other lipids (LDL-C, HDL-C). The authors high-
lighted the positive association among saturate fats and 
the percentage of energy from total fat to cardiovascular 
diseases [59]. Trans fatty acids were not directly meas-
ured in the present study, but it was taken into consid-
eration when assessing processed food intake and plasma 
lipid profile. An inverse relation between HDL-C and 
intake of food with processed plus high sugar and fat 
content food was noted in our study. Sanchez-Bayle et al. 
[60] also found a positive relation between total plasma 
cholesterol and saturated fat intake [60].

The intake of legumes in the present study is charac-
terized by the intake of beans, which are considered 
to be a dietary source of fiber. Beans also contain solu-
ble fibers in addition to 35 % of resistant starch [61, 62] 
and fructooligosaccharides, which are fermented in the 
small intestine, producing short-chain fatty acids that can 
reduce hepatic gluconeogenesis, thus resulting in better 
insulin resistance [16]. Soluble fibers delay gastric emp-
tying and increase satiety and they can also reduce the 
absorption of biliary salts and increase their excretion, 
thus stimulating greater bile synthesis from endogenous 
cholesterol. These actions reduce the hepatic pool of 
cholesterol, and LDL-C receptors are increased as their 
clearance is increased. The actions of soluble fibers seem 
to be more evident for total cholesterol and LDL-C [61], 

Table 3  Multiple linear regression between MS components and food groups of overweight and obese schoolchildren. 
Botucatu-SP-Brazil, 2007–2008

a  Regression model adjusted for age, sex, school, MS component. The values in italic corresponding of p value ≤ 0.05
b  p value = 0.0356
c  p value = 0.0247
d  p value = 0.0451
e  p value = 0.0103
f  p value = 0.0451
g  p value = 0.0288
h  p value = 0.049

MS components

WC BP HDL-C TG Glycemia

β (SE)a

Food groups (servings)

 Cereals 0.42 (0.64) −1.18 (1.07) 0.54 (0.74) 0.16 (0.78) −11.6 (5.50)b

 Meats 0.91 (0.68) −0.51 (0.96) 0.51 (0.71) 0.67 (0.77) −2.38 (4.16)

 Legumes 0.32 (0.17) 0.12 (0.26) 0.01 (0.18) −0.52 (0.23)c −1.07 (0.92)

 Vegetables −0.10 (0.15) 0.32 (0.23) 0.37 (0.18)d 0.23 (0.18) 0.00 (0.00)

 Fruits 0.56 (0.49) 0.34 (0.73) −0.25 (0.57) 0.69 (0.63) 0.00 (0.00)

 Dairy products −0.77 (0.64) −0.22 (0.97) −0.53 (0.73) 2.84 (1.10)e −4.11 (4.21)

Total energy intake (%)

 Sugars −0.28 (0.19) −0.03 (0.32) 0.06 (0.22) 0.29 (0.24) 0.42 (1.32)

 Processed food 0.14 (0.19) 0.39 (0.33) −0.11 (0.22) 0.22 (0.24) 2.36 (1.16)f

 Processed food + high sugar and fat content 0.27 (0.31) −0.14 (0.54) −0.41 (0.38) 0.93 (0.42) 4.98 (2.54)
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but such mechanisms could maybe explain the inverse 
relation between legume intake and triacylglycerols 
found in this study. Ventura et al. [12] observed the rela-
tion between soluble fiber and a smaller number of com-
ponents of the MS.

The present study found an inverse relation between 
plasma triacylglycerol and polyunsaturated fatty acid. 
Casazza et al. [63] also found an inverse relation between 
triacylglycerol and total fat; however, its type is not 
described. A possible explanation would be the presence 
of linolenic acid in polyunsaturated fat, which contrib-
utes to triacylglycerol reduction [64].

Several studies analyzing the association of BMI and 
waist circumference in children with energy intake have 
indicated that macronutrients of the diet may contribute 
to childhood obesity [65, 66]. In our study, waist circum-
ference was inversely related to protein intake, which was 
also reported by Casazza et al. [63]. A higher protein intake 
was associated with greater weight loss in adolescents [67].

In the present study, it was found a positive asso-
ciation between glycemia and processed food with high 
sugar and fat content. A high intake of sugar and sugar-
sweetened beverages is related to insulin resistance and 
reduced function of pancreatic beta-cells [68], and larger 
fat intake is related to insulin resistance [69]. A study 
with Brazilian adolescents showed a positive association 
between MS prevalence and ultra processed food [18]. 
The consumption of sugary beverages by adolescents 
showed a positive association with waist circumference 
and triacylglycerol [17]. The higher percentage of carbo-
hydrate from sugar was associated with higher triacylg-
lycerol, VLDL-C and HOMA-R. The increase of these 
lipids and insulin resistance indicators was higher for 
the sugar from sweetened beverages than from natural 
source [56].

The classification of industrialized food adopted in our 
study is similar to the criteria proposed by Monteiro et al. 
[70], that defines industrialized food as ready for con-
sumption and different from the original raw-material. 
This is a very important classification of food, since the 
intake of such product has increased, particularly among 
children.

Our study had some limitations. The main limitation 
was related to the inclusion of the study sample criteria. 
We opted to include only overweight and obese school-
children because excess of weight is the main risk factor 
for MS, especially in the period when the study was being 
outlined (2007). We highlight the lack of a control group 
composed by eutrophic schoolchildren as an important 
limitation. If we had included a control group it would 
have been possible to investigate the different and the 
similar characteristics of dietary intake and whether the 
quality and amount of food would be associated with 

overweight or obese and MS components. Besides, it 
would be possible to explore if the MS components would 
be higher for overweight and obese children. However, a 
recent study showed low prevalence of MS in eutrophic 
schoolchildren using three widely used definitions spe-
cifically for children and adolescents. In this study obese 
schoolchildren showed the highest prevalence of MS 
[36]. Other three studies developed with schoolchildren 
in Europe and Asia showed that MS prevalence were 
higher in overweight and obese children [36, 71, 72].

Another limitation was that the highest percentage of 
refusal to participate in the study was from overweight 
children’s parents, especially from private school. The 
most usual explanation was that the parents did not agree 
with the diagnose of overweight and their children were 
already being accompanied by a pediatrician. The obese 
children’s parents agreed with diagnose of obese and they 
agreed to participate in the study. Some other limitation 
was to communicate subjects about the three 24-h die-
tary recalls in the beginning of the study. The parents and 
children could alter some dietary characteristics and they 
could bias the dietary intake and its relationship with MS 
components, but we had to be ethical and inform all the 
study phases before the parents agreed or not to par-
ticipate. Before applying the 24-h recalls we asked if the 
child changed something in their dietary intake and all 
the answers were negative. Our work team also prepared 
some individual nutritional advice for parents who asked 
for it. We additionally had some lectures about healthy 
eating for parents in three schools (for all parents) and 
we referred all children with high blood pressure and 
altered biochemical exams for the pediatric clinic in Clin-
ical Hospital of UNESP after the 4th phase of the study. 
Therefore, we believed that the previous explanation of 
three 24-h dietary recalls was not biased for the reasons 
above.

The last main limitation was dietary intake. It was nec-
essary to use nutritional facts from industrialized food 
labels. In Brazil, for lipids, it is mandatory to show only 
total and saturated fat. Therefore, the intake of mono-
unsaturated or polyunsaturated fat could be underes-
timated, particularly for the children who consumed 
large amounts of industrialized food. A Brazilian study 
showed nutritional information inadequacy on the labels 
of extruded snacks for saturated fat, fiber and sodium as 
well as cream filled sandwich cookies for saturated fats 
criteria [73]. These food types were largely consumed by 
the children in this study.

Conclusions
The frequency of MS was low, but more than half of the 
subjects were diagnosed with at least one of its compo-
nents. The obesity, diagnosed by BMI or body fat, was a 
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positive indicator of MS. The waist circumference—the 
only anthropometric component—was the most frequent 
component of MS. The anthropometric measurements 
are relevant indicators for schoolchildren screening to 
biochemical examination and MS components. The tri-
acylglycerol and glycemia were the most influenced MS 
components by dietary factors. Unprocessed food such 
as legumes, vegetables and cereals were considered pro-
tective dietary factors for lipid MS components and pro-
cessed foods with high percentage of sugar and saturated 
fat were risk factor for lipids MS metabolic components.

Authors’ contributions
AEMR: responsible for study conduction (conception and design), acquisition 
of data, interpretation of results and manuscript writing and critical review 
of manuscript; GFCPG: acquisition of data, critical review of manuscript; FM: 
acquisition data, interpretation of results and critical review of manuscript; 
JEC: statistical analysis, data interpretation, critical review of manuscript; KCPM: 
critical review of manuscript; RCB: study conduction (conception and design), 
interpretation of results and critical review of manuscript. All authors read and 
approved the final manuscript.

Author details
1 School of Medicine, Federal University of Uberlândia (UFU), Rua Pará, nº 
1720, Bloco 2U, Uberlândia, MG 38405‑320, Brazil. 2 School of Medicine, 
Southern Paraná State University (Unioeste), Universitária 2069 St., Cascavel, PR 
85819‑110, Brazil. 3 Member of the Exercise Metabolism and Nutrition Center 
(CeMENutri), Distrito de Rubião Júnior s/n, Botucatu, SP 18618‑970, Brazil. 
4 Department of Biostatistics, Institute of Biosciences, Distrito de Rubião Júnior, 
s/n, Botucatu, SP 18618‑900, Brazil. 5 Texas Institute for Kidney and Endocrine 
Disorders, Texas Institute for Kidney and Endocrine Disorders, 10 Medical 
Center Blvd, Ste A Medical Center, Lufkin 75904, USA. 6 Botucatu School 
of Medicine, Public Health Department and Exercise Metabolism and Nutrition 
Center, São Paulo State University, Distrito de Rubião Júnior, s/n, Botucatu, SP 
18618‑970, Brazil. 

Competing interests
All authors declare that they have no competing interests.

Ethics approval and consent to participate
The present study was approved by the Research Ethics Committee of 
the Botucatu School of Medicine (UNESP), according to Official Letter no. 
579/2006, and by the Research Ethics Committee of the School of Pharmaceu-
tical Sciences (USP), according to document no. 78/2007 (Institutional Review 
Board approval).

Received: 5 February 2016   Accepted: 10 August 2016

References
	1.	 Weiss R, Bremer AA, Lustig RH. What is metabolic syndrome, and why are 

children getting it? Ann N Y Acad Sci. 2013;1281:123–40.
	2.	 Morandi A, Maffeis C. Predictors of metabolic risk in childhood obesity. 

Horm Res Pædiatr. 2014;82:3–11.
	3.	 Dai S, Fulton JE, Harrist RB, Grunbaum JA, Steffen LM, Labarthe DR. Blood 

lipids in children: age-related patterns and association with body-fat 
indices: Project HeartBeat! Am J Prev Med. 2009;37:S56–64.

	4.	 Hannon TS, Janosky J, Arslanian SA. Longitudinal study of physiologic 
insulin resistance and metabolic changes of puberty. Pediatr Res. 
2006;60:759–63.

	5.	 Moran A, Jacobs DR, Steinberger J, Steffen LM, Pankow JS, Hong C-P, et al. 
Changes in insulin resistance and cardiovascular risk during adolescence: 
establishment of differential risk in males and females. Circulation. 
2008;117:2361–8.

	6.	 Rinaldi AEM, Pimentel GD, Pereira AF, Gabriel GF, Moreto F, Burini RC. 
Metabolic syndrome in overweight children from the city of Botu-
catu—São Paulo State—Brazil: agreement among six diagnostic criteria. 
Diabetol Metab Syndr. 2010;2:39.

	7.	 Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a 
metabolic syndrome phenotype in adolescents: findings from the third 
national health and nutrition examination survey, 1988–1994. Arch 
Pediatr Adolesc Med. 2003;157:821–7.

	8.	 IDF definition of metabolic syndrome in children and adoles-
cents. Int Diabetes Fed. [cited 2016 Jul 14]. http://www.idf.org/
metabolic-syndrome/children.

	9.	 Vilchis-Gil J, Galván-Portillo M, Klünder-Klünder M, Cruz M, Flores-Huerta 
S. Food habits, physical activities and sedentary lifestyles of eutrophic 
and obese school children: a case-control study. BMC Public Health. 
2015;15:124.

	10.	 Kelishadi R, Gouya MM, Adeli K, Ardalan G, Gheiratmand R, Majdzadeh 
R, et al. Factors associated with the metabolic syndrome in a national 
sample of youths: CASPIAN Study. Nutr Metab Cardiovasc Dis NMCD. 
2008;18:461–70.

	11.	 Ventura AK, Loken E, Birch LL. Risk profiles for metabolic syndrome in a 
nonclinical sample of adolescent girls. Pediatrics. 2006;118:2434–42.

	12.	 Ventura EE, Davis JN, Alexander KE, Shaibi GQ, Lee W, Byrd-Williams CE, 
et al. Dietary intake and the metabolic syndrome in overweight Latino 
children. J Am Diet Assoc. 2008;108:1355–9.

	13.	 Pan Y, Pratt CA. Metabolic syndrome and its association with diet and 
physical activity in US adolescents. J Am Diet Assoc. 2008;108:276–86; 
discussion 286.

	14.	 Bray GA, Nielsen SJ, Popkin BM. Consumption of high-fructose corn syrup 
in beverages may play a role in the epidemic of obesity. Am J Clin Nutr. 
2004;79:537–43.

	15.	 Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, et al. 
Origins and evolution of the Western diet: health implications for the 21st 
century. Am J Clin Nutr. 2005;81:341–54.

	16.	 Isganaitis E, Lustig RH. Fast food, central nervous system insulin resist-
ance, and obesity. Arterioscler Thromb Vasc Biol. 2005;25:2451–62.

	17.	 Chan T-F, Lin W-T, Huang H-L, Lee C-Y, Wu P-W, Chiu Y-W, et al. Consump-
tion of sugar-sweetened beverages is associated with components of the 
metabolic syndrome in adolescents. Nutrients. 2014;6:2088–103.

	18.	 Tavares LF, Fonseca SC, Garcia Rosa ML, Yokoo EM. Relationship between 
ultra-processed foods and metabolic syndrome in adolescents from a 
Brazilian Family Doctor Program. Public Health Nutr. 2012;15:82–7.

	19.	 Park SJ, Lee SM, Kim SM, Lee M. Gender specific effect of major dietary 
patterns on the metabolic syndrome risk in Korean pre-pubertal children. 
Nutr Res Pract. 2013;7:139–45.

	20.	 Flegal KM, Ogden CL. Childhood obesity: are we all speaking the same 
language? Adv Nutr Int Rev J. 2011;2:159S–66S.

	21.	 Type 2 diabetes in children and adolescents. Am Diabetes Assoc 
Diabetes Care. [cited 2016 Jul 17]. http://care.diabetesjournals.org/
content/23/3/381.

	22.	 World Health Organization. Physical status: the use and interpretation of 
anthropometry. 1995. http://www.who.int/childgrowth/publications/
physical_status/en/.

	23.	 CDC. Centers for disease control and prevention growth charts. 2000. 
http://www.cdc.gov/growthcharts/charts.htm.

	24.	 Slaughter MH, Lohman TG, Boileau RA, Horswill CA, Stillman RJ, Van Loan 
MD, et al. Skinfold equations for estimation of body fatness in children 
and youth. Hum Biol. 1988;60:709–23.

	25.	 Lohman TG. The use of skinfold to estimate body fatness on children and 
youth. J Phys Educ Recreat Dance. 1987;58:98–102.

	26.	 National high blood pressure education program working group on high 
blood pressure in children and adolescents. The fourth report on the 
diagnosis, evaluation, and treatment of high blood pressure in children 
and adolescents. Pediatrics. 2004;114:555–76.

	27.	 Tanner JM. Growth at adolescence: with a general condition of the effects 
of hereditary and environmental factors upon growth and maturation 
from birth to maturity. 1962.

	28.	 Fernández JR, Redden DT, Pietrobelli A, Allison DB. Waist circumference 
percentiles in nationally representative samples of African-American, 
European-American, and Mexican-American children and adolescents. J 
Pediatr. 2004;145:439–44.

http://www.idf.org/metabolic-syndrome/children
http://www.idf.org/metabolic-syndrome/children
http://care.diabetesjournals.org/content/23/3/381
http://care.diabetesjournals.org/content/23/3/381
http://www.who.int/childgrowth/publications/physical_status/en/
http://www.who.int/childgrowth/publications/physical_status/en/
http://www.cdc.gov/growthcharts/charts.htm


Page 10 of 10Rinaldi et al. Diabetol Metab Syndr  (2016) 8:58 

	29.	 Kranz S, Mahood LJ, Wagstaff DA. Diagnostic criteria patterns of US chil-
dren with metabolic syndrome: NHANES 1999–2002. Nutr J. 2007;6:38.

	30.	 Fisberg RM, et al. Dietary intake: scientific methods and bases. 2005.
	31.	 Moreira MA. Home servings in food preparation. 1995.
	32.	 Fisberg RM, Villar BS. Handbook of home recipes and servings for estima-

tion of dietary intake. 2002.
	33.	 Pinheiro ABV, et al. Table for dietary intake assessment in home servings. 

2004.
	34.	 Monteiro JP, Chiarello P. Dietary intake—visualizing servings. 2007.
	35.	 Tooze JA, Midthune D, Dodd KW, Freedman LS, Krebs-Smith SM, Subar AF, 

et al. A new statistical method for estimating the usual intake of episodi-
cally consumed foods with application to their distribution. J Am Diet 
Assoc. 2006;106:1575–87.

	36.	 Ahrens W, Moreno LA, Mårild S, Molnár D, Siani A, De Henauw S, et al. 
Metabolic syndrome in young children: definitions and results of the 
IDEFICS study. Int J Obes. 2014;38(Suppl 2):S4–14.

	37.	 Pedrosa C, Oliveira BM, Albuquerque I, Simões-Pereira C, Vazdealmeida 
MD, Correia F. Obesity and metabolic syndrome in 7–9 years-old Portu-
guese schoolchildren. Diabetol Metab Syndr. 2010;2:40.

	38.	 Holst-Schumacher I, Nuñez-Rivas H, Monge-Rojas R, Barrantes-San-
tamaría M. Components of the metabolic syndrome among a sample 
of overweight and obese Costa Rican schoolchildren. Food Nutr Bull. 
2009;30:161–70.

	39.	 DuBose KD, Stewart EE, Charbonneau SR, Mayo MS, Donnelly JE. Preva-
lence of the metabolic syndrome in elementary school children. Acta 
Paediatr Oslo Nor. 1992;2006(95):1005–11.

	40.	 Da Silva RCQ, Miranda WL, Chacra AR, Dib SA. Metabolic syndrome and 
insulin resistance in normal glucose tolerant Brazilian adolescents with 
family history of type 2 diabetes. Diabetes Care. 2005;28:716–8.

	41.	 Druet C, Dabbas M, Baltakse V, Payen C, Jouret B, Baud C, et al. Insulin 
resistance and the metabolic syndrome in obese French children. Clin 
Endocrinol. 2006;64:672–8.

	42.	 Ferreira AP, Oliveira CER, França NM. Metabolic syndrome and risk factors 
for cardiovascular disease in obese children: the relationship with insulin 
resistance (HOMA-IR). J Pediatr. 2007;83:21–6.

	43.	 Cruz ML, Weigensberg MJ, Huang TTK, Ball G, Shaibi GQ, V MI. The 
metabolic syndrome in overweight Hispanic youth and the role of insulin 
sensitivity. J Clin Endocrinol Metab. 2004;89:108–13.

	44.	 Halleycastillo E, Borges G, Talavera JO, Orozco R, Vargas-Alemán C, 
Huitrón-Bravo G, et al. Body mass index and the prevalence of metabolic 
syndrome among children and adolescents in two Mexican populations. 
J Adolesc Health Off Publ Soc Adolesc Med. 2007;40:521–6.

	45.	 Hirschler V, Maccallini G, Calcagno M, Aranda C, Jadzinsky M. Waist cir-
cumference identifies primary school children with metabolic syndrome 
abnormalities. Diabetes Technol Ther. 2007;9:149–57.

	46.	 Li Y, Yang X, Zhai F, Piao J, Zhao W, Zhang J, et al. Childhood obesity and 
its health consequence in China. Obes Rev Off J Int Assoc Study Obes. 
2008;9(Suppl 1):82–6.

	47.	 Monzavi R, Dreimane D, Geffner ME, Braun S, Conrad B, Klier M, et al. 
Improvement in risk factors for metabolic syndrome and insulin resist-
ance in overweight youth who are treated with lifestyle intervention. 
Pediatrics. 2006;117:e1111–8.

	48.	 Hirschler V, Maccallini G, Molinari C, Urrutia IM, Castano On Behalf Of The 
San Antonio de Los Cobres Study Group LA. Association between nontra-
ditional risk factors and metabolic syndrome in indigenous Argentinean 
schoolchildren. Diabetes Technol Ther. 2014;16:84–90.

	49.	 Golley RK, Magarey AM, Steinbeck KS, Baur LA, Daniels LA. Comparison 
of metabolic syndrome prevalence using six different definitions in over-
weight pre-pubertal children enrolled in a weight management study. 
Int J Obes. 2005;2006(30):853–60.

	50.	 Gungor N, Saad R, Janosky J, Arslanian S. Validation of surrogate estimates 
of insulin sensitivity and insulin secretion in children and adolescents. J 
Pediatr. 2004;144:47–55.

	51.	 Skinner AC, Mayer ML, Flower K, Perrin EM, Weinberger M. Using BMI to 
determine cardiovascular risk in childhood: how do the BMI cutoffs fare? 
Pediatrics. 2009;124:e905–12.

	52.	 Dhuper S, Cohen HW, Daniel J, Gumidyala P, Agarwalla V, St Victor R, et al. 
Utility of the modified ATP III defined metabolic syndrome and severe 
obesity as predictors of insulin resistance in overweight children and 
adolescents: a cross-sectional study. Cardiovasc Diabetol. 2007;6:4.

	53.	 Liao W, Xiao D-M, Huang Y, Yu H-J, Yuan S, Chen T, et al. Combined asso-
ciation of diet and cardiorespiratory fitness with metabolic syndrome in 
Chinese schoolchildren. Matern Child Health J. 2016.

	54.	 Eloranta AM, Lindi V, Schwab U, Kiiskinen S, Venäläinen T, Lakka HM, et al. 
Dietary factors associated with metabolic risk score in Finnish children 
aged 6–8 years: the PANIC study. Eur J Nutr. 2014;53:1431–9.

	55.	 Kim JA, Kim SM, Lee JS, Oh HJ, Han JH, Song Y, et al. Dietary patterns and 
the metabolic syndrome in Korean adolescents: 2001 Korean National 
Health and Nutrition Survey. Diabetes Care. 2007;30:1904–5.

	56.	 Sharma S, Roberts LS, Lustig RH, Fleming SE. Carbohydrate intake and 
cardiometabolic risk factors in high BMI African American children. Nutr 
Metab. 2010;7:10.

	57.	 Kennedy A, Martinez K, Chuang C-C, LaPoint K, McIntosh M. Saturated 
fatty acid-mediated inflammation and insulin resistance in adipose tissue: 
mechanisms of action and implications. J Nutr. 2009;139:1–4.

	58.	 Mensink RP, Zock PL, Kester ADM, Katan MB. Effects of dietary fatty acids 
and carbohydrates on the ratio of serum total to HDL cholesterol and on 
serum lipids and apolipoproteins: a meta-analysis of 60 controlled trials. 
Am J Clin Nutr. 2003;77:1146–55.

	59.	 Berger S, Raman G, Vishwanathan R, Jacques PF, Johnson EJ. Dietary 
cholesterol and cardiovascular disease: a systematic review and meta-
analysis. Am J Clin Nutr. 2015;102:276–94.

	60.	 Sanchez-Bayle M, Gonzalez-Requejo A, Pelaez MJ, Morales MT, Asensio-
Anton J, Anton-Pacheco E. A cross-sectional study of dietary habits and 
lipid profiles. The Rivas-Vaciamadrid study. Eur J Pediatr. 2008;167:149–54.

	61.	 Davy BM, Melby CL. The effect of fiber-rich carbohydrates on features of 
syndrome X. J Am Diet Assoc. 2003;103:86–96.

	62.	 Marlett JA, McBurney MI, Slavin JL. American dietetic association. position 
of the american dietetic association: health implications of dietary fiber. J 
Am Diet Assoc. 2002;102:993–1000.

	63.	 Casazza K, Dulin-Keita A, Gower BA, Fernandez JR. Differential influence 
of diet and physical activity on components of metabolic syndrome in a 
multiethnic sample of children. J Am Diet Assoc. 2009;109:236–44.

	64.	 Expert Panel on Detection. evaluation, and treatment of high blood cho-
lesterol in adults. executive summary of the third report of the national 
cholesterol education program (NCEP) expert panel on detection, evalua-
tion, and treatment of high blood cholesterol in adults (adult treatment 
panel III). JAMA. 2001;285:2486–97.

	65.	 Gillis LJ, Kennedy LC, Gillis AM, Bar-Or O. Relationship between juvenile 
obesity, dietary energy and fat intake and physical activity. Int J Obes 
Relat Metab Disord. 2002;26:458–63.

	66.	 Elliott SA, Truby H, Lee A, Harper C, Abbott RA, Davies PSW. Associations 
of body mass index and waist circumference with: energy intake and per-
centage energy from macronutrients, in a cohort of Australian children. 
Nutr J. 2011;10:58.

	67.	 Boutelle KN, Libbey H, Neumark-Sztainer D, Story M. Weight control 
strategies of overweight adolescents who successfully lost weight. J Am 
Diet Assoc. 2009;109:2029–35.

	68.	 Davis JN, Ventura EE, Weigenberg MJ, Ball GD, Cruz ML, Shaibi GQ, et al. 
The relation of sugar intake to β cell function in overweight Latino chil-
dren. Am J Clin Nutr. 2005;82:1004–10.

	69.	 Weigensberg MJ, Ball GDC, Shaibi GQ, Cruz ML, Gower BA, Goran MI. 
Dietary fat intake and insulin resistance in black and white children. Obes 
Res. 2005;13:1630–7.

	70.	 Monteiro CA, Levy RB, Claro RM, de Castro IRR, Cannon G. A new clas-
sification of foods based on the extent and purpose of their processing. 
Cad. Saúde Pública. 2010;26:2039–49.

	71.	 Olza J, Gil-Campos M, Leis R, Rupérez AI, Tojo R, Cañete R, et al. Influence 
of variants in the NPY gene on obesity and metabolic syndrome features 
in Spanish children. Peptides. 2013;45:22–7.

	72.	 Wee BS, Poh BK, Bulgiba A, Ismail MN, Ruzita AT, Hills AP. Risk of metabolic 
syndrome among children living in metropolitan Kuala Lumpur: a case 
control study. BMC Public Health. 2011;11:333.

	73.	 Lobanco CM, Vedovato GM, Cano CB, Cano C, Bastos DHM. Reliability of 
food labels from products marketed in the city of São Paulo, Southeast-
ern Brazil. Rev Saúde Pública. 2009;43:499–505.


	Dietary factors associated with metabolic syndrome and its components in overweight and obese Brazilian schoolchildren: a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Subjects and study design
	Anthropometric, blood pressure and sexual maturation assessment
	Biochemical tests and the MS
	Dietary intake assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




