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Abstract: Several studies investigating the relationship between body

mass index (BMI), waist circumference (WC), and/or body fat (BF) with

macronutrient composition of the diet have suggested that dietary

composition may play an important role to overweight/obesity in

childhood, but its relation remains inconclusive. The aim was to assess

the association between energy intake (EI) and macronutrient diet

composition with overweight/obesity among children.

Nonrandomized cohort study including 396 Italian children and

preadolescents (9–13 years old), 200 overweight/obese and 196 nor-

mal-weight. The children’s weight, height, WC, and food intake were

measured.

Reported EI was higher in overweight/obese than in nonoverweight

children; however, after body weight was considered, the overweight/

obese children had less EI than their leaner counterparts. Percentages

of EI from proteins, SFA, MUFA and PUFA (in males), and dietary

fiber (g/1000 kcal) were higher in the overweight/obese children than

in the leaner ones. EI from carbohydrates and fats was lower in

overweight/obese males and females, respectively. Positive corre-

lations between BMI and waist-to-height ratio with EI from proteins

were found in males (r¼ 0.296, P< 0.01 and r¼ 0.326, P< 0.01;

respectively) and females (r¼ 0.374, P< 0.01 and r¼ 0.405,

P< 0.01; respectively), but negative correlations with fats were found

in females (r¼�0.240, P< 0.01 and r¼�0.188, P< 0.05; respect-

ively). Using binary logistic regression, the highest EI from proteins
, Anita Morandi, P masi, PhD,
Claudio Maffeis, MD, PhD

Reported EI of overweight/obese children was higher than non-

overweight peers. Overweight/obese children had higher intakes of

proteins compared with nonoverweight ones. Overweight/obese males

and females showed lower EI from carbohydrates and fats, respect-

ively, than their leaner counterparts.

(Medicine 94(52):e2408)

Abbreviations: BMI = body mass index, CI = confidence interval,

DBP = diastolic blood pressure, EI = energy intake, FI = fasting

insulin, FPG = fasting plasma glucose, HDL-c = high density

lipoprotein cholesterol, HOMA = homeostatic model assessment,

LDL-c = low density lipoprotein cholesterol, MUFA =

monounsaturated fatty acids, OR = odds ratio, PAL = physical

activity level, PUFA = polyunsaturated fatty acids, QUICKY =

quantitative insulin sensitivity check index, ref. = reference, SBP =

systolic blood pressure, SD = standard deviation, SFA = saturated

fatty acids, TC = total cholesterol, WC = waist circumference,

WHtR = waist-to-height ratio.

INTRODUCTION

L ast decades, children and adolescent worldwide population
showed high prevalence of overweight, which has been

converted in an important public health problem not only in
these segments of the population but also in their future adult-
hood.1,2 Children and adolescents overweight and obesity are
multifactorial, and caused by interactions between genetic,
socio-demographic, behavioral, and environmental factors.

It has been pointed out that obesity grows after energy intake
(EI) exceeds energy expenditure, but sometimes overweight and/
or obese children did not show higher EIs,3–7 which may have
been due to methodological errors, or to the fact that children at
risk of overweight could have eaten more than nonobese children
at a previous stage but not at the present, or may also be influenced
by characteristic psychological and dieting aspects that appear
after obesity has been already arisen.8 Nevertheless, it has been
pointed out that body mass index (BMI), waist circumference
(WC), and/or body fat (BF) are related with EI, which suggested
that the proportion of dietary protein, carbohydrate, and fat (the
macronutrient diet composition) may play an important role on
childhood overweight and/or obesity similarly to the findings in
adults.2,3–7,9–11

Elliott et al2 pointed out that few studies specifically
addressed fat, protein, and carbohydrate intake in relation to
BMI, WC, and/or BF in children. Several cross-sectional studies
reported a direct association between fat intake and adiposity in
children3,4,10,12 but others did not.2,5–7,11,12 In several studies,
an inverse relationship between total BMI and EI as carbo-
hydrates have been demonstrated, and overweight children and
less energy as carbohydrates compared
rparts.3,5,6,9 It has been proposed that
ay also modulate BF contents; however,
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the results on the associations of protein intake with overweight
and/or obesity are controversial.3–7,11,12 Therefore, the relation-
ships between dietary composition and the development of
childhood obesity demands further work.12

To test the hypothesis that diet composition is associated
with the presence of overweight/obesity in children, we
assessed diet composition in a group of overweight/obese
children before treatment and normal weight age-matched
controls and we estimated the relationship between diet
composition and the presence of overweight/obesity in this
sample.

MATERIALS AND METHODS

Subjects
The study was a nonrandomized, case–control study

including 396 Italian children and preadolescents: 200 over-
weight and obese recruited from 2008 onward at the Obesity
Clinic of the Regional Center for Pediatric Diabetes of Verona,
Italy, where they were addressed by their public health system-
provided general pediatrician because of overweight/obesity,
before starting a multidimensional treatment program for
obesity,13 and 196 age- and gender-matched control subjects
of Caucasian ethnicity who were recruited from a survey
conducted in the same geographical area by the same research
team to assess the prevalence of cardiovascular risk factors, as it
was previously described.14,15 In this design, control sample
was larger than the case sample (about 700 children 8–13 years
old), and the matched control was automatically selected for
each case, within the proper age and gender group, by random
extraction function of Microsoft Office Excel. None of the
children had any overt disease other than obesity or was taking
medication. To exclude obese children with potential impaired
glucose tolerance or type 2 diabetes, which have a 6.9% and a
0.1% prevalence, respectively, among those from the study area,
children underwent an oral glucose tolerance test (1.75 g glu-
cose/kg body weight, maximum 75 kg). None had impaired
glucose tolerance or diabetes.15,16

The characteristics of the present study have been pre-
viously described elsewhere.13,15 Inclusion criteria were age
(9–13 years old), and ethnic group (Caucasian). Obesity sec-
ondary to other diseases, chronic diseases and chronic use of
drugs, dieting at the time of the study, or EI < 110% of their
basal metabolic rate predicted by age, weight, and gender17

were considered as exclusion criteria. The Ethical Committee of
the University of Verona approved the study. Informed consents
from all the participants and parents were obtained.

All the participants underwent a physical examination,
comprising height, weight, WC, and blood pressure measure-
ments, as well as assessment of Tanner stages (pubertal devel-
opment).13 Height was determined using an anthropometer
(SECA 217, Hamburg, Germany) to the nearest millimeter,
with the subject’s head in the Frankfurt plane. Body weight was
determined to the nearest 100 g using a digital scale (Tanita BC-
418, Tanita Corporation, Arlington Heights, IL). The subjects
were weighed in bare feet and light underwear. The BMI was
calculated. Subjects were defined as overweight or obese on
the basis of their BMI, using the International Obesity Task
Force BMI cut-offs for overweight and obesity, corresponding
to a BMI of 25 and 30, respectively, at the age of 18 years.18 WC
was measured halfway between the iliac crest and lower rib
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using a nonstretching tape with attached spring balance pulled
to a tension of 250 g. Waist-to-height ratio (WHtR) was
also calculated.
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Physical activity was evaluated translated Italian version of
the International Physical Activity Questionnaire (IPAQ), which
is available upon request. In order to improve validity, the
questionnaire was interviewer-administered and short version
was adopted19 asking participant (or his/her parents, according
to age and maturity) frequency and overall duration of sedentary
activity, walking, moderate and vigorous physical activity
during the last 7 days. Interview was performed by the same
trained dietician in charge of dietary assessment.

Dietary Assessment
As it has been previously described elsewhere,13 weekly

meal and snack intake was determined through 1 interview (diet
history) with mothers and children conducted by a trained
dietician. Information regarding portion size, frequency of
eating, food preparation, and place of consumption was also
recorded. To define food portions and the amount of consumed
food, pictures included in an atlas specially designed for this
purpose, and approved by the ANDID (National Association of
Dieticians)20 were used. Computerized food composition tables
of the Italian Institute of Nutrition (Metadieta, Meteda, S.
Benedetto del Tronto, Italy) were used to calculate the daily
food energy values.

Biochemical Parameters
Blood samples were collected from antecubital vein after

�12-hour overnight fast. Triglycerides (TG), total cholesterol
(TC), and HDL-cholesterol (HDL-c) levels were assessed by
means of enzyme-based assays (Cobas integra, Roche Diag-
nostics, Indianapolis, IL). LDL-cholesterol (LDL-c) level was
calculated using the Friedewald equation.15

Plasma glucose was analyzed by using the glucose oxidase
method. Serum insulin level was measured using the specific
chemiluminescence method with an Insulin Bridge kit (Adaltis
Inc., Montreal, QC, Canada). Quantitative insulin sensitivity
check index (QUICKI),21 the homeostatic model assessment
(HOMA),22 and HOMA-b23 were also calculated.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics 21.0 soft-

ware (SPSS, Chicago, IL). All analyses were stratified by gender.
Minimal sample size of each of the 4 samples used to

compare diet composition of obese versus normal weight
children/preadolescents (ie, obese and normal weight boys,
obese and normal weight girls), was calculated in order to have
a 90% statistical power to detect a minimal difference of 2%,
5%, and 3% in the mean intakes of protein, carbohydrates, and
fat as percentage of total energy, respectively, with a 5% a error.
Formula used was: n � 2 � [variable VARIANCE]/[minimal
difference]2 � (taþ tb)2.24

Variable variances were issued from previous local data.13

Minimal differences to detect were arbitrarily decided as the
10% of the recommended intake based on Italian RDIs.25 ta and
tb were set at 2.0 and 1.3, respectively, that are acceptable proxy
t values guessing that an n sample size of 50 to 200 individuals
would be needed, in order to avoid solving equation by iterative
steps. Sixty individuals was the minimal sample size needed for
each sample, to be 90% powerful to detect all of the 3 above-
cited minimal differences. Based on the final sizes of children/
preadolescents samples we were able to include in the analyses,
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the study was 99%, 100%, and 95% powerful to detect the
minimal differences set for proteins, carbohydrates, and fat,
respectively, in both boys and girls.
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The Shapiro–Wilk test was used to assess normality of
distribution of variables. While differences in means were tested
by an unpaired Student t test when variables were normally
distributed, difference of medians was tested by the Mann–
Whitney U test when variables were not normally distributed.
Spearman’s correlation analysis between nutritional variables
and BMI z-score and WHtR were performed. Multiple-linear
regression analysis to explore the relationship with nutritional
variables separately and the dependent variable (BMI and
WHtR) were also performed. Prior to linear regression analysis,
both dependent and independent variables were log trans-
formed. To evaluate the relation between overweight/obesity
and nutritional variables, logistic regression analysis were used,
with the prevalence odds ratio (OR) and confidence interval (CI)
of overweight/obesity as the outcome, and each of the nutrient
categories as predictors. The multivariable analyses were
adjusted for age (years) and physical activity level (PAL). A
P value< 0.05 was considered as significant.

RESULTS
Overall, 20 normal-weight children (10 males and

10 females) and 29 overweight/obese children (13 males and
16 females) were excluded. Therefore, the analyses were con-
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ducted on 347 children, 171 overweight/obese and 176 nonobese.
No statistical significant differences in mean age and BMI were
obtained between excluded and included children.

TABLE 1. Physical Characteristics and Biochemical Variables of N

Males

Normal Weight

(n¼ 90)

Overweight/Obese

(n¼ 85)

Mean SD Median Mean SD Media

Puberty, prepubertal/pubertal 56/34 53/32

Age, y 11.5 1.2 11.8 11.4 2.2 12.3

Weight, kg 39.2 7.2 39.2 64.5 19.1 59.4

Height, cm 148.4 9.2 148.5 151.3 13.0 151.0

BMI, kg/m2 17.6 1.7 17.4 27.7 4.4 27.2

BMI z-score �0.27 0.75 �0.20 2.31 0.64 2.30

WC, cm 62.8 6.9 62.0 88.7 11.9 87.0

WHtR 0.42 0.04 0.43 0.59 0.06 0.58

SBP, mm Hg 103.0 11.6 101.5 116.0 11.3 116.0

DBP, mm Hg 58.4 8.5 58.0 66.7 7.4 66.0

PAL 1.5 0.2 1.5 1.5 0.34 1.4

TC, mg/dL 159.3 24.2 156.5 167.3 31.2 166.0

LDL-c, mg/dL 90.1 20.2 87.5 100.0 29.5 99.0

HDL-c, mg/dL 61.2 11.6 59.5 51.3 12.5 49.5

Triglycerides, mg/dL 54.4 28.8 46.0 86.1 48.0 72.0

FPG, mg/dL 88.8 5.8 89.0 87.1 6.1 87.0

FI, mU/mL 11.0 4.7 10.0 13.5 7.5 11.3

HOMA 2.5 1.1 2.3 2.9 1.7 2.4

HOMA b 153.8 68.8 139.6 210.5 113.8 173.3

QUICKY 0.34 0.02 0.34 0.33 0.03 0.34

Data are showed as mean and standard deviation or
�
median.

Comparisons are made with Student unpaired t test and
�
Mann–Whitne

BMI¼ body mass index, DBP¼ diastolic blood pressure, FI¼ fasting in
cholesterol, HOMA¼ homeostatic model assessment, LDL-c¼ low den
Y¼ quantitative insulin sensitivity check index, SBP¼ systolic blood pr
circumference, WHtR¼waist-to-height ratio.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Table 1 shows physical characteristics and biochemical
variables of normal-weight and overweight/obese children, by
gender. The samples studied were homogeneous in terms of
puberty. In both genders, there were significant differences in
weight, BMI, BMI z-score, WC, WHtR, diastolic and systolic
blood pressures, HDL-c and triglycerides levels between nor-
mal-weight and overweight/obese children, but not in height,
total cholesterol levels, FI, HOMA, and QUICKY. Differences
in LDL-c levels, FPG, and HOMA-b were found between
normal-weight and overweight/obese subjects in males but
not in females. The mean PAL was not significant different
between normal-weight and overweight/obese children in
either gender.

Table 2 shows EI and macronutrient composition of the
diet of normal-weight and overweight/obese children, by gen-
der. In both genders, there were significant differences in EI
(kcal/d and kcal/kg): overweight/obese children had signifi-
cantly greater crude daily EI than did nonoverweight children;
however, after body weight was considered, the overweight/
obese children had less EI than did their leaner counterparts.
Overweight/obese children had significantly higher carbo-
hydrate, protein, total fat, SFA, MUFA, PUFA, and dietary
fiber intakes expressed in total grams than their leaner counter-

Protein Intake and Overweight/Obesity
parts. The differences between the means, when expressed as
percentage of EI, were statistically significant for proteins, SFA,
and MUFA (and PUFA was significantly only for males), and

ormal-Weight and Overweight/Obese Children by Gender

Females

Normal Weight

(n¼ 86)

Overweight/Obese

(n¼ 86)

n P Mean SD Median Mean SD Median P

22/64 26/60

0.321
�

11.4 1.2 11.7 10.8 2.2 10.8 0.010
�

<0.001
�

39.4 17.2 38.7 58.2 13.6 57.2 <0.001

0.296
�

148.4 8.6 148.7 147.6 12.1 147.0 0.626

<0.001
�

17.8 2.0 17.3 26.4 3.4 26.0 <0.001
�

<0.001
� �0.27 0.77 �0.38 2.17 0.56 2.08 <0.001

<0.001
�

59.6 7.2 58.0 83.5 9.8 82.8 <0.001

<0.001
�

0.40 0.05 0.40 0.57 0.06 0.57 <0.001
�

<0.001 101.3 13.7 101.0 112.6 11.3 114.0 <0.001
�

<0.001
�

59.8 11.1 59.0 66.8 8.4 65.0 <0.001
�

0.485
�

1.50 0.25 1.49 1.56 0.27 1.56 0.115
�

0.060 161.8 24.2 164.5 160.0 26.6 158.0 0.244
�

0.007
�

93.2 20.5 91.5 93.5 25.8 91.5 0.926

<0.001
�

60.6 9.2 61.0 51.8 12.7 51.0 <0.001

<0.001
�

63.0 23.7 61.0 81.3 45.2 68.0 0.007
�

0.021 87.9 5.8 87.0 87.2 6.5 87.0 0.659
�

0.058
�

13.6 6.6 11.2 14.1 7.6 12.3 0.669
�

0.237
�

3.0 1.6 2.4 3.1 1.7 2.6 0.831
�

<0.001
�

196.3 90.0 178.7 217.4 130.9 203.9 0.446
�

0.237
�

0.33 0.03 0.33 0.33 0.02 0.33 0.821

y U test.
sulin, FPG¼ fasting plasma glucose, HDL-c¼ high density lipoprotein
sity lipoprotein cholesterol, PAL¼ physical activity level, QUICK-
essure, SD¼ standard deviation, TC¼ total cholesterol, WC¼waist

www.md-journal.com | 3



quartile categories of dietary fiber variable in males. None of

TABLE 2. Energy and Nutrient Intake, and Physical Activity Level of Normal-Weight and Overweight/Obese Children by Gender

Males Females

Normal Weight

(n¼ 90)

Overweight/Obese

(n¼ 85)

Normal Weight

(n¼ 86)

Overweight/Obese

(n¼ 86)

Mean SD Median Mean SD Median P Mean SD Median Mean SD Median P

EI, kcal 2020.3 281.3 1996.2 2361.7 503.6 2271.0 <0.001
�

1828.3 299.4 1835.0 2119.4 444.6 2085.5 <0.001
�

EI, kcal/kg 53.1 11.4 52.7 38.5 10.5 36.7 <0.001
�

47.8 11.4 45.5 37.6 8.6 36.0 <0.001
�

Proteins, g 72.2 12.9 71.7 95.7 21.9 94.4 <0.001 64.0 12.9 63.0 85.8 19.0 84.3 <0.001
�

Proteins, % of EI 13.9 2.0 14.1 15.9 2.7 15.9 <0.001 13.6 1.9 13.3 15.8 2.6 15.6 <0.001

Proteins, animal/vegetable 1.6 0.7 1.5 1.8 0.8 1.8 0.006
�

1.5 0.6 1.4 2.0 0.7 1.8 <0.001
�

Total carbohydrates, g 286.4 53.7 286.1 318.1 85.9 294.6 0.037
�

251.7 49.0 251.6 291.5 75.8 277.2 0.001
�

Total carbohydrates, % of EI 54.6 5.3 55.2 51.9 6.5 52.8 0.003 53.2 5.4 52.6 52.8 5.3 53.0 0.665

Sugars, g 95.9 33.5 89.8 94.1 44.5 85.0 0.336
�

79.1 24.5 77.1 82.7 35.1 75.7 0.809
�

Total fat, g 72.9 12.5 72.5 86.9 22.7 82.3 <0.001
�

69.7 15.4 68.3 76.1 17.9 75.3 0.010
�

Total fat, % of EI 31.5 4.3 31.1 32.2 5.5 32.3 0.368 33.2 4.8 33.2 31.4 4.8 31.1 0.013

SFA, g 23.8 6.5 23.8 34.0 12.0 31.1 <0.001
�

21.8 6.4 20.6 28.3 9.7 26.8 <0.001
�

SFA, % of EI 10.6 2.6 10.5 12.9 3.3 12.2 <0.001
�

10.8 2.9 10.3 11.9 2.6 11.6 0.004
�

MUFA, g 28.9 6.9 29.2 41.6 11.7 39.3 <0.001 28.7 8.5 27.9 36.4 9.5 36.6 <0.001
�

MUFA, % of EI 12.9 2.8 12.8 16.0 3.9 15.7 <0.001 14.1 3.2 14.0 15.6 3.7 15.4 0.003
�

PUFA, g 8.6 2.6 7.8 11.5 3.9 11.1 <0.001
�

8.8 3.2 8.1 10.2 3.4 9.9 0.004
�

PUFA, % of EI 3.8 1.2 3.6 4.4 1.5 4.2 0.004
�

4.3 1.4 4.1 4.3 1.2 4.1 0.639
�

PUFA/SFA 1.6 0.4 1.6 1.7 0.6 1.6 0.957
�

1.8 0.4 1.7 1.8 0.5 1.7 0.547

Cholesterol, mg 221.8 81.2 224.3 240.8 111.0 232.5 0.438
�

202.5 82.2 187.4 217.8 97.1 198.7 0.284
�

Cholesterol, mg/1000 kcal 110.7 42.1 106.5 100.8 35.5 99.1 0.188
�

111.0 41.5 106.3 104.7 46.5 91.8 0.203
�

Dietary fiber, g 16.6 5.6 15.8 21.5 8.3 21.5 <0.001
�

15.5 5.3 14.7 19.8 6.8 18.6 <0.001
�

Dietary fiber, g/1000 kcal 8.2 2.5 8.0 9.3 3.8 8.8 0.053
�

8.5 2.5 8.3 9.5 3.1 9.8 0.037
�

Comparisons are made with Student unpaired t test and
�
Mann–Whitney U test.

oly
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also dietary fiber expressed as g/1000 kcal; but EI from
carbohydrates and fats was significantly lower in our population
of overweight/obese males and females, respectively. Over-
weight/obese children also showed a higher ratio of dietary
animal to vegetable protein than nonoverweight ones.

Spearman’s correlation and linear regression were used to
evaluate the association between BMI, WHtR, and nutritional
variables are shown in Table 3. BMI was strongly correlated
with WHtR (r¼ 0.914, P< 0.001). In both genders, total energy
and percentage of energy from proteins were positively related
with BMI and WHtR, while EI per kilogram of body weight
(kcal/kg) correlated negatively with BMI and WHtR. Dietary
ratio of animal to vegetable protein was also significantly
positively correlated with BMI (in females) and WHtR. Total
fat (% of EI) was significantly negatively correlated with BMI
and WHtR in females, while energy from SFA and MUFA and
PUFA was directly associated with BMI and WHtR in males
(except PUFA for WHtR). A negative association between
percentage of energy from carbohydrates and BMI was also
found in boys. A weak but significant negative association
between cholesterol intake (expressed as g/1000 kcal) and
BMI was also found in females.

For the 175 males and 172 females, we examined nutri-
tional determinants of overweight plus obesity (Table 4). The
relationship between BMI and protein intake based on quartiles

EI¼ energy intake, MUFA¼monounsaturated fatty acids, PUFA¼ p
acids.
shows a significant difference among the groups, suggesting
that overweight/obese children consumed more energy from
proteins than their leaner peers. The proportion of the
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overweight/obese children was tenfold higher in quartile 4 of
protein intake compared with quartile 1 in males and females.

The highest carbohydrate intake (quartile 4) showed 64%
lower OR (CI: 15–87%) for overweight/obesity among males,
but it was not significantly related to BMI among females. Total
fat and PUFA/SFA ratio were no associated with the OR for
overweight/obesity, although, a higher proportion of over-
weight/obese children was found in quartile 4 of EI from
SFA, MUFA, and PUFA compared to quartile 1 in males
and in quartile 4 of EI from MUFA compared to quartile 1
in females. OR for overweight/obesity increased across the

unsaturated fatty acids, SD¼ standard deviation, SFA¼ saturated fatty
the other nutritional determinants (sugars and cholesterol) were
associated with the risk for overweight/obesity among children.

DISCUSSION
The main finding of this study is that EI and the macro-

nutrient composition of children’s diet, particularly higher
protein intake (including a high ratio of dietary animal to
vegetable protein), are related to adiposity. Our findings further
support the idea that the diet macronutrient composition may
play a contributing role to obesity in childhood, although data
from children and adolescents researching this relationship are
scarce and have produced inconsistent results.3,5–7,9,11,12
Several studies evaluating the relation between the EI and
overweight and/or obesity, have failed to show that fatter
children have higher reported EIs. Several authors4–6 reported

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Associations With BMI and WHtR and Nutritional Variables

BMI WHtR

ry bz SE P ry bz SE P

Males (n¼ 175)
EI, kcal 0.422

��
1.672 0.110 <0.001 0.322

��
1.037 0.103 <0.001

EI, kcal/kg �0.733
�� �1.228 0.025 <0.001 �0.609

�� �0.848 0.034 <0.001
Protein, % of EI 0.296

��
0.443 0.109 <0.001 0.326

��
0.364 0.084 <0.001

Protein, animal/vegetable 0.111 0.084 0.044 0.059 0.132 0.066 0.034 0.052
Total carbohydrates, % of EI �0.125 �0.377 0.163 0.022 �0.148 �0.275 0.126 0.030
Sugar, g �0.010 �0.008 0.053 0.877 �0.017 �0.020 0.041 0.628
Total fat, % of EI 0.017 0.026 0.125 0.837 0.022 0.009 0.096 0.928
SFA, % of EI 0.316

��
0.328 0.067 <0.001 0.325

��
0.253 0.052 <0.001

MUFA, % of EI 0.320
��

0.308 0.072 <0.001 0.331
��

0.222 0.056 <0.001
PUFA, % of EI 0.125 0.144 0.064 0.025 0.105 0.080 0.050 0.109
PUFA/SFA �0.090 �0.068 0.067 0.315 �0.093 �0.066 0.052 0.204
Cholesterol, mg/1000 kcal �0.121 �0.081 0.048 0.091 �0.079 �0.033 0.038 0.389
Dietary fiber, g/1000 kcal 0.143 0.064 0.052 0.223 0.145 0.056 0.042 0.182

Females (n¼ 172)
EI, kcal 0.345

��
1.666 0.120 <0.001 0.220

��
1.157 0.130 <0.001

EI, kcal/kg �0.661
�� �1.255 0.028 <0.001 �0.541

�� �1.002 0.044 <0.001
Protein, % of EI 0.374

��
0.577 0.101 <0.001 0.405

��
0.484 0.090 <0.001

Protein, animal/vegetable 0.312
��

0.185 0.043 <0.001 0.371
��

0.166 0.038 <0.001
Total carbohydrates, % of EI 0.056 0.116 0.175 0.508 0.012 0.075 0.157 0.631
Sugar, g �0.016 �0.005 0.051 0.921 �0.083 �0.007 0.046 0.870
Total fat, % of EI �0.240

�� �0.344 0.109 0.002 �0.188
� �0.280 0.098 0.005

SFA, % of EI 0.110 0.114 0.071 0.111 0.145 0.129 0.064 0.045
MUFA, % of EI 0.149 0.127 0.071 0.074 0.159

�
0.089 0.064 0.169

PUFA, % of EI �0.011 �0.019 0.059 0.754 �0.039 �0.030 0.053 0.572
PUFA/SFA �0.013 �0.024 0.065 0.712 �0.035 �0.064 0.059 0.283
Cholesterol, mg/1000 kcal �0.215

�� �0.110 0.041 0.008 �0.142 �0.066 0.037 0.077
Dietary fiber, g/1000 kcal 0.123 0.103 0.056 0.068 0.150 0.084 0.050 0.096

BMI¼ body mass index, EI¼ energy intake, MUFA¼monounsaturated fatty acids, PUFA¼ polyunsaturated fatty acid, SE¼ standard deviation,
SFA¼ saturated fatty acid, WHtR¼waist-to-height ratio.
y Spearman’s correlation coefficients between BMI z-score, WHtR, and nutritional variables.
zValues are unstandardized b-coefficients from multiple linear regression analysis to explore the relationship with nutritional variables separately

phy
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an EI in overweight and/or obese children significantly lower
than lean ones. Other authors3,7,11 detected no significant
difference between normal-weight and overweight children
regarding the EI. However, several researchers12 found a mod-
est but significant correlation between EI and BMI z-score and
WC in a study performed on 1352 children ages 5 to 17 years
old, after screening out misreporters. These researchers12 also
reported a significantly higher EI in subjects with the highest
BMI z-score (quartile 4) than in their leaner counterparts. The
findings of the present study are consistent with previous
results,12 suggesting that our overweight/obese population con-
sume more energy than their leaner counterparts. However, in
agreement with previous findings,9 even if overweight/obese
children had significantly greater daily EI than did nonover-
weight children, the overweight/obese children showed less EI/
kg of body weight than did their leaner counterparts. This is not
surprising, because obese children have large amounts of fat
that is less metabolically active than fat-free tissues, contribut-

and the dependent variable (BMI z-score, WHtR) adjusted by age and�
P < 0.05.��
P < 0.01.
ing less to the overall energy expenditure, thus they have lower
resting energy expenditure/kilograms of body weight than their
lean counterparts.26

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
With respect to differences in diet composition, we found
that protein intake was directly associated with BMI and WHtR,
and our overweight/obese children consumed more proteins
than their leaner counterparts. Although our results differ from
some published studies,4–6,12 which detected no difference in
protein intake between overweight and nonoverweight children
and adolescents, they are consistent with previous authors11

who found a direct association between EI from proteins and BF
percentage, WC and hip circumference among Finnish children
ages 6 to 8 years old. Several authors3,7 also reported a greater
contribution of protein to the total EI in overweight children and
adolescents. Aeberli et al7 reported that among Swiss children
(n¼ 156) ages 6 to 14 years old, after excluding under-repor-
ters, overweight children consumed 7.7 g more protein or 1.2%
more energy as protein than normal-weight children. It has been
pointed out that high BMI and high BF percentages in late
childhood may be predicted by a high protein intake during the
weaning period and the first years of life.8,11,27–29 However, the

sical activity level.
assessment of the association of protein intake after weaning
period with childhood overweight showed controversial
results.11 One explanation for the high protein intake observed

www.md-journal.com | 5



TABLE 4. Odds Ratios (95% CI) for Dietary Intake Determinants of Overweight/Obesity vs Normal-Weight by Gender

Q1 Q2 Q3 Q4 P

Males (n¼ 175)
Protein, % of EI 1.00 (ref.) 1.57 (0.63–3.93) 2.80 (1.14–6.88)

�
11.67 (4.23–32.21)

���
<0.001

Protein, animal/vegetable 1.00 (ref.) 1.78 (0.75–4.26) 2.73 (1.13–6.59)
�

3.35 (1.38–8.13)
��

0.038
Total carbohydrates, % of EI 1.00 (ref.) 0.65 (0.27–1.59) 0.47 (0.20–1.11) 0.36 (0.15–0.87)

�
0.119

Sugar, g 1.00 (ref.) 0.62 (0.26–1.45) 0.46 (0.20–1.09) 0.58 (0.22–1.49) 0.358
Total fat, % of EI 1.00 (ref.) 0.49 (0.21–1.16) 0.72 (0.31–1.68) 1.25 (0.53–2.93) 0.167
SFA, % of EI 1.00 (ref.) 3.16 (1.26–7.91)

�
2.05 (0.82–5.11) 9.14 (3.47–24.09)

���
<0.001

MUFA, % of EI 1.00 (ref.) 0.68 (0.26–1.77) 4.39 (1.78–10.85)
��

7.12 (2.74–18.47)
���

<0.001
PUFA, % of EI 1.00 (ref.) 2.51 (1.04–6.06)

�
2.19 (0.91–5.32) 4.23 (1.70–10.53)

��
0.020

PUFA/SFA 1.00 (ref.) 0.50 (0.21–1.17) 0.53 (0.23–1.24) 1.00 (0.42–2.38) 0.190
Cholesterol, mg/1000 kcal 1.00 (ref.) 1.12 (0.48–2.64) 1.07 (0.46–2.50) 0.55 (0.23–1.32) 0.348
Dietary fiber, g/1000 kcal 1.00 (ref.) 0.49 (0.20–1.17) 1.20 (0.52–2.82) 1.87 (0.79–4.42) 0.031

Females (n¼ 172)
Protein, % of EI 1.00 (ref.) 1.63 (0.64–4.18) 3.86 (1.52–9.81)

��
12.79 (4.44–36.84)

���
<0.001

Protein, animal/vegetable 1.00 (ref.) 3.04 (1.14–8.14)
�

6.96 (2.53–19.16)
���

12.35 (4.29–35.53)
���

<0.001
Total carbohydrates, % of EI 1.00 (ref.) 0.55 (0.23–1.33) 0.94 (0.39–2.26) 0.71 (0.30–1.71) 0.522
Sugar, g 1.00 (ref.) 0.53 (0.22–1.29) 0.52 (0.22–1.25) 0.72 (0.26–1.95) 0.418
Total fat, % of EI 1.00 (ref.) 1.36 (0.56–3.26) 0.69 (0.29–1.64) 0.46 (0.19–1.11) 0.095
SFA, % of EI 1.00 (ref.) 2.09 (0.86–5.10) 3.19 (1.31–7.77)

�
2.39 (0.97–5.90) 0.075

MUFA, % of EI 1.00 (ref.) 2.13 (0.88–5.13) 1.78 (0.73–4.32) 3.66 (1.46–9.14)
��

0.048
PUFA, % of EI 1.00 (ref.) 1.78 (0.74–4.31) 0.98 (0.41–2.33) 1.82 (0.76–4.36) 0.310
PUFA/SFA 1.00 (ref.) 0.67 (0.28–1.59) 0.87 (0.37–2.07) 0.92 (0.39–2.19) 0.819
Cholesterol, mg/1000 kcal 1.00 (ref.) 1.07 (0.44–2.58) 0.50 (0.21–1.20) 0.67 (0.28–1.60) 0.287
Dietary fiber, g/1000 kcal 1.00 (ref.) 0.89 (0.37–2.11) 0.90 (0.38–2.14) 2.42 (0.98–5.96) 0.097

Logistic regression analysis adjusted by age and physical activity level (PAL).
CI¼ confidence interval, EI¼ energy intake, MUFA¼monounsaturated fatty acids, PUFA¼ polyunsaturated fatty acid, ref.¼ reference,

SFA¼ saturated fatty acid.�
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in our overweight/obese population could be attributed to
unhealthy dietary choices such as replacing vegetables with
meat, as suggest the differences found in the ratio of dietary
animal to vegetable protein when groups were compared.

EI from carbohydrates was lower in our population of
overweight/obese males. Again, using binary logistic
regression, a higher EI from carbohydrates (quartile 4) was
associated with a lower OR for prevalence of overweight/
obesity in males. This inverse association between dietary
carbohydrate intake and adiposity has also been reported by
previous studies.3,5,6,9

Several studies reported a positive association between the
lack of dietary fiber in pediatrics’ diet and the degree of body
fatness in children30 and adolescents31 while others did not.10–

12,32 Contrary to expected findings, results of the present study
are consistent with those of previous works,33 which found
that higher fiber density was associated with increased risk for
overweight/obesity in German children. Moreover, Brauchla
et al31 previously examined the food sources of dietary fiber in
US children (2- to 11-year-old) and adolescents (12- to 18-year-
old), and found that the foods providing the highest proportion
of dietary fiber to the plausible diets of children and adolescents
were not high-fiber foods (ie, French fries, pizza, or white
bread/rolls). These authors31 also found differences in the
main sources of fiber in the healthy weight 2- to 11-year-old

P< 0.05,��
P< 0.01,���
P< 0.001.
children compared with their overweight/obese peers (ie, the
healthy weight children consumed more high-fiber foods such
as peanut butter or popcorn); however, there was a not

6 | www.md-journal.com
significant trend of decreasing risk for overweight/obesity with
increasing fiber density among them. Accordingly, data on
dietary fiber intake and body weight in the pediatric population
are not consistent yet.31

Regarding fat intake, overweight/obese children have sig-
nificantly higher intakes of total fat than their leaner counter-
parts. However, EI from fats was lower in our population of
overweight/obese females. A negative association between
BMI and WHtR and energy from fats was also found in females.
These findings seem to be consistent with a previous study12 in
which an inverse relationship was observed between fat intake
and BMI z-score, although no significant difference between
groups when subjects were split into quartiles based on BMI z-
score and WC were observed. To the contrary, there were not
found significant differences between the groups in boys. This
finding accords with several other studies which showed no
significant difference in percentage fat intake in overweight and
nonoverweight children and adolescents.5–7,11 However, our
results also conflict with other studies that have demonstrated a
positive association between adiposity and dietary fat.3,4,9,10,12

When dietary fat composition is concerned, it appears that
the overweight/obese children in this study consumed a sig-
nificantly greater proportion of their overall energy in the form
of both saturated and unsaturated, than did their leaner counter-
parts. Few studies with children and adolescents have published

data on differences in actual dietary fatty acid consumption
between overweight and nonoverweight people.7,9,11 However,
the results of this study are similar with results previously

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



reported,9 in which SFA, MUFA, and PUFA were significantly
greater in obese children ages 9 to 11 years old than in their
nonobese counterparts, and significantly and positively corre-
lated with %BF. With respect to cholesterol intake, in the
present study a significant negative association with BMI
was found in females. Unfortunately, few studies with children
or adolescents subjects have published data on differences in
cholesterol intake between overweight and nonoverweight
people, which showed that obese children12 and overweight
adolescents3 consumed greater amounts of cholesterol than
their leaner counterparts.

LIMITATIONS AND STRENGTHS
This study has several limitations. The difficulties to assess

food intake in humans and especially in young people are well
known.34 It is possible that unknown confounder factors may
have influenced the results of this study, such as parental
educational or professional level. Moreover, we cannot infer
causality because of the cross-sectional design of the study and
hence the study provides information on the obese state only,
not on the development of obesity.

This study also has several strengths. First, the present
study is based on objectively measured weight, height, and WC
instead of reported values, and on rigorous methods for asses-
sing diet. Second, overweight/obese was defined by interna-
tionally accepted age and specific BMI cut offs,18 which enables
the comparison of results with studies conducted in the same
age group in other countries. And finally, this study presents
vital information on the relationship between the EI, diet
composition, and adiposity in children.

CONCLUSIONS
In summary, the findings of this study support that EI and

the macronutrient composition of children’s diet may play an
important contributing role to adiposity. In fact, we found a
higher daily EI in the overweight/obese group when several
studies have failed to demonstrate it. It has also been suggested
that diets high in fat3,4,9,10,12 and protein3,7,11 and low in
carbohydrate3,5,6,9 may cause an accumulation of excessive
BF even when total EI is not in excess. In the present study,
the overweight/obese children were consuming a greater pro-
portion of their overall energy in the form of protein than
nonoverweight ones. Moreover, the overweight/obese males
and females were consuming a lower proportion of their overall
energy in the form of carbohydrates and fats, respectively, than
their nonoverweight counterparts. It also appears that the over-
weight and obese children consumed a significantly greater
proportion of their overall energy in the form of both saturated
and unsaturated fat, than did their leaner counterparts. However,
robust longitudinal studies are needed to elucidate the relation-
ship linking obesity and dietary intake in children.
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