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Abstract

Purpose Excess weight may be related to the development

of adverse cardiometabolic risk factors in children. The aim

of this study was to evaluate the effect of a lifestyle inter-

vention program (nutrition and exercise counseling) on

anthropometric parameters and metabolic syndrome (MS)

components in Portuguese overweight/obese children.

Methods A total of 83 overweight/obese children aged

7–9 years were assigned to a 1-year individual or group-

based treatment (GT); 61 children (z-score BMI (zBMI):

1.93 ± 0.28; 27 boys and 34 girls) completed the program.

Anthropometric and biochemical parameters were assessed

at baseline, at 6 months and at 1 year.

Results The overweight/obese children, compared to

normal-weight ones, presented significantly higher blood

pressure, total-cholesterol, total-cholesterol/high density

lipoprotein cholesterol (HDL) ratio, triglycerides, Apoli-

poprotein B and C-reactive protein levels, while HDL and

Apolipoprotein A-I were significantly lower. At baseline,

the prevalence of MS was 16.4% in overweight/obese and

0% in normal-weight children. The number of components

of MS was significantly higher in children with higher

zBMI. Lifestyle intervention led to a significant improve-

ment in zBMI, waist circumference/height ratio, HDL,

triglycerides, Apolipoprotein A-I, and Apolipoprotein B

levels. The prevalence of MS decreased to 14.8%. The GT

intervention seems to be more successful, with a significant

decrease in zBMI and an increase in HDL and a lower

drop-out rate.

Conclusions Overweight/obese children have multiple

risk factors associated with the MS. Lifestyle intervention,

both individual and group-based treatment, led to an

improvement in the degree of overweight/obesity and in

MS components.

Keywords Children � Metabolic syndrome � Obesity �
Nutrition � Lifestyle intervention

Introduction

In the past decades, the prevalence of childhood obesity

has increased worldwide, reaching epidemic proportions

and becoming a serious and growing public health problem

[1]. An excessive increase in body mass index (BMI)

during early childhood may be related to the development

and acceleration of adverse cardiovascular and metabolic

risk factors [2]. The constellation of symptoms such as

hyperinsulinemia, glucose intolerance, hypertension, high

plasma levels of triglycerides (TG), decreased levels of

high-density lipoprotein (HDL) cholesterol and obesity is

known as metabolic syndrome (MS) [3]. This condition

increases the risk for cardiovascular diseases (CVD) and

type 2 diabetes (DM2) [3, 4]. The definition of MS is not

consensual in pediatric populations [5]. Many different MS

criteria have been employed, and the cut-offs used to
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diagnose this syndrome in young have varied considerably

among studies [4–7]. Recently, a new consensus definition

has been published [8]. While the concept of MS has

strengths in terms of professional and public health edu-

cation and awareness, critics argue that it has some limi-

tations [4, 9].

MS is rapidly increasing in prevalence with rising

childhood obesity and sedentary lifestyles worldwide. It

has been reported to be relatively low in normal-weight

children (1% or less) contrary to what occurs in obese

(18–50%) [10]. In addition, parameters associated with MS

have been shown to originate early in life [7], and tend to

track into adulthood [7, 11]. Data from the Princeton LRC

Follow-up Study showed that the risk was almost ninefold

for CVD and almost fourfold for DM2 in children with MS

compared with children without MS [11]. A proper

approach to reduce the obesity-related health risks, both in

children and adults, is losing weight. Lifestyle programs

that tackle diet and physical activity as well provide psy-

chosocial support, may help prevent or reduce obesity and

its associated comorbidities, including the MS [12–16].

The MS has been widely studied in adults and adoles-

cents; however, there is little research focusing on its

prevalence during lifestyle intervention with younger chil-

dren (\10 year old). The aims of our study were to evaluate

the changes in the degree of overweight/obesity and in the

prevalence of MS and its components in a sample of

Portuguese overweight/obese schoolchildren enrolled in a

1-year outpatient lifestyle intervention program. We

hypothesized that reduction of the degree of obesity will

result in improvement of MS components, while increasing

the degree of obesity will result in worsening of this

syndrome.

Subjects and methods

Study population

We invited to participate in the study 127 children classi-

fied as obese (C95th BMI percentile) according to the US

Centers for Disease Control and Prevention (CDC) [17].

These children were identified in a previous population-

based study [18]. Eighty-three accepted the invitation, and

61 (27 boys, 34 girls) concluded the 1-year study protocol.

Between the assessment at school and the first visit at the

Hospital Infante D. Pedro, 10 children initially classified as

obese became overweight (85–95th BMI percentile). These

children were also included in the study. The normal-

weight (NW) children (B85th BMI percentile; 7–9 years

old; 13 boys, 9 girls) were recruited from the outpatient

Pediatric Clinic, and they performed only the baseline

assessment. None of the children had primary

dyslipidemia, hypertension, diabetes or glucose intoler-

ance, secondary obesity, and were not receiving pharma-

cological treatment. Each parent gave written informed

consent, and children gave assent for participation.

Assessments were done at the Department of Endocrinol-

ogy, Diabetes and Nutrition. The study was approved by

the Hospital Ethics Committee.

Study protocol

The children were randomly assigned to one of the two

treatments: an individual conventional treatment (IT) or a

group-based treatment (GT). Since GT implies more visits,

and due to staff and space limitations, GT was assigned

with probability 1/3 and IT with probability 2/3. The main

objective of both interventions was to promote lifestyle

changes in children and their families, and consequently to

stop weight gain and promote weight loss. At baseline,

anthropometric and biochemical measurements were car-

ried out to all children. In IT, a healthy eating plan meeting

nutrient needs according to the recommended daily

allowance (&1,800 kcal) was prescribed and explained to

children and their parents. The diet recommended the

reduced intake of refined carbohydrates and saturated fats,

with an increased consumption of vegetables and fruits.

Additionally, physical activity was encouraged and sed-

entary behaviors, such as TV watching and computer/video

game playing, were discouraged. Follow-up visits were

held at 3- and 6 months and 1 year after the first visit. In

GT, children and their parents participated in a group-based

nutrition education program (4 children per group), which

consisted of 4 consecutive sessions each of 60 min dura-

tion, conducted by a nutritionist. These sessions covered

several topics regarding childhood obesity and comor-

bidities, healthy eating habits, healthy cooking methods,

portion size control, food labeling and physical activity

promotion. The acquired knowledge was reinforced at each

session and whenever necessary at follow-up visits that

were held at 3- and 6 months and 1 year after the first visit.

Forty-two children at the IT and 19 at the GT completed

the 1-year follow-up visit.

Anthropometric measures

Weight, height, and waist circumference (WC) were mea-

sured according to standardized procedures [19]. Weight

was measured to the nearest 0.1 kg using an electronic

column scale (SECA-780); height was measured to the

nearest 0.1 cm using a stadiometer (SECA-220); WC was

measured to the nearest 0.1 cm at the mid-point between

the iliac crest and the lower edge of the ribs at the end of a

normal expiration. BMI was calculated with measured

height and weight and was standardized (zBMI) by using
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age- and gender-normative data from the CDC [17, 20].

The term overweight/obese (OW/OB) includes children

with a BMI percentile C85th. Abdominal obesity was

defined using the sex and age-specific 90th WC percentile

by McCarthy et al. [21]. All measurements were repeated

at each follow-up visit. Birth weight and length were

obtained from the children’s health booklet.

Clinical and biochemical measures

A physical examination was performed, and puberty

status was assessed according to Tanner stages [22].

Blood pressure (BP) was measured on the right arm with

the patient seated, after rest, using a digital sphygmo-

manometer (OMRON M6) and appropriate sized cuff.

After three measurements, the lowest blood pressure

value was recorded. Children were classified according to

sex, height, and age-specific charts [23]. Baseline blood

samples were collected in the morning (8:00 to 9:00)

after an overnight fast (10 to 12 h) and after a local

application of a topical anesthetic patch (EMLA). Plasma

and serum were separated by centrifugation. The glucose

oxidase method (Siemens Healthcare Diagnostics Inc.,

Newark, DE, USA) was used to determine blood glucose

levels. Both serum lipids (total cholesterol (T-chol),

HDL-cholesterol (HDL), LDL-cholesterol (LDL), triglyc-

erides) and plasma liver enzymes (alanine aminotransferase

(ALT), aspartate aminotransferase (AST), gama-glutamyl-

transferase (GGT)) levels were measured by enzymatic

colorimetric methods (Siemens Healthcare Diagnostics

Inc.). Apolipoprotein A-I and Apolipoprotein B were

measured by an immuno-turbidimetric assay (Olympus

America Inc., Center Valley, PA, USA). C-reactive pro-

tein (CRP) was determined using a turbidimetric immuno-

assay (Siemens Healthcare Diagnostics Inc.). Outcome

measures were obtained at follow-up visits at 6 months and

1 year.

Physical activity

A questionnaire concerning children activities was applied

at baseline and at 1-year follow-up visit. The children were

asked, with the help of parents, about the time spent at

school, watching TV, playing computer/video games and

sleeping. The frequency and duration of physical activities

performed at school and/or extracurricular were also

quantified.

Family history

Parents were asked about the presence of overweight/

obesity and associated co-morbidities such as diabetes,

hypertension, dyslipidemia, CVD, and hyperuricemia, as

well as its presence in children’s grandparents. The parents

were not measured for height and weight.

Definition of MS

MS was defined according to the National Cholesterol

Education Program Adult Treatment Panel III criteria

modified by Cook [6], with adjustment for fasting glucose

according to the recent American Diabetes Association

definition for impaired fasting glucose [24]. This definition

was chosen since it is based on age- and gender-specific

cut-offs and it has been used in other pediatric studies [5,

25]. MS was considered if three or more of the following

criteria were present: (1) abdominal obesity (WC C90th

percentile for age and sex) [21]; (2) fasting triglycerides

C110 mg/dl; (3) HDL B40 mg/dl; (4) systolic/diastolic BP

C90th percentile for age, sex and height [23]; (5) fasting

glucose C100 mg/dl [24].

Statistical analysis

Descriptive statistics were executed. Pearson (R) and

Spearman (q) correlation coefficients were used. Partial

correlation was computed controlling for gender, age, and

Tanner stage. Chi-square test was used in nominal cate-

gorical variables. Independent samples t test was per-

formed in continuous variables with normal distribution

and Mann–Whitney test in those without normal distri-

bution. General Linear Model (GLM) for repeated mea-

sures was used to compare the evolution of each of the

variables, and time (baseline, 6-month and 1-year follow-

up), treatment assignment (IT and GT) and treat-

ment 9 time interaction were included as fixed effects,

controlling for gender and Tanner stage. The differences

between 1-year follow-up and baseline values (D) were

calculated. In order to reduce the number of variables, a

principal components analysis on D of anthropometric,

metabolic, and physical activity variables was performed

and the components to extract were selected applying

Cattell’s method (scree plot). The principal components

extracted were used in a multivariate GLM to study the

effect of both treatments, controlling for gender, age, and

Tanner stage. Normal distribution was assessed using the

Kolmogorov–Smirnov test. We considered a significance

level of 0.05. Analysis was performed using SPSS ver-

sion 14.0, 2005.

For the purpose of sample size estimation, the primary

outcome was a decrease in zBMI between baseline and

1-year follow-up. According to our previous experience, a

standard deviation of zBMI near 0.35 and a dropout rate

under 30% was estimated. From our baseline sample, the

number of participants in the smaller treatment group (GT)

was estimated to decrease from 25 to 18. From these
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assumptions, a power analysis was conducted using a

sample size for each group of 18, obtaining an estimated

power of 0.81 for a paired samples t test.

Results

Of the 83 OW/OB children that were evaluated at first

visit, 73.5% (n = 61) completed the program. No sig-

nificant differences between dropouts (n = 22) and those

who finished the study were observed at baseline. The

attrition rate was similar in both treatment types: 27.6%

in IT and 24.0% in GT. The main reason referred to drop-

out of the study was the lack of time due to school/work

schedules. No statistical differences were found between

the IT and GT subjects with respect to baseline parame-

ters. The dropouts were excluded from the subsequent

analysis.

Baseline characteristics

The anthropometric and clinical characteristics of the 61

OW/OB (51 obese, 10 overweight) and 22 NW children are

shown in Table 1. No differences were found between both

groups in age and gender. Gestational data (weight, length,

and weeks of gestation) were also similar between groups.

The OW/OB children presented significantly higher BP,

T-chol, T-chol/HDL ratio, triglycerides (TG), Apolipopro-

tein B and C-reactive protein (CRP) levels; HDL and

Apolipoprotein A-I were significantly lower. At baseline, the

prevalence of MS was 16.4% in OW/OB children, without

significant differences between gender (p = 0.321). None of

the children fulfilled the five MS components. In NW chil-

dren, MS was absent. Acanthosis nigricans was detected in

19.7% of the OW/OB children at baseline. Most children

were prepubertal at baseline (Tanner stage: I—70.5%;

II—29.5%). There were no statistical differences between

gender, except for CRP (girls: 0.45 ± 0.91 mg/dl vs. boys:

0.31 ± 0.77 mg/dl; p = 0.020) and ALT (girls: 17.6 ± 4.9

U/L vs. boys: 21.3 ± 7.3 U/L; p = 0.020) in OW/OB

children.

Primary outcome

At follow-up, both groups showed a significant (p \ 0.001)

decrease in zBMI (-0.18 and -0.25 in IT and GT,

respectively) and in WC/height ratio, although weight and

height increased (Table 2). This decrease was more pro-

nounced in the GT subjects (p = 0.042 for zBMI and WC/

height ratio). An increase in zBMI was associated with an

increase in WC (R = 0.783; p \ 0.001), WC/height ratio

(R = 0.781; p \ 0.001) and GGT (R = 0.261; p = 0.045),

and a decrease in HDL (R = -0.357; p = 0.006).

Secondary outcome

Along the study, we observed an improvement of HDL

(p = 0.019), higher in the GT children (p = 0.042)

(Table 3). TG levels evolved differently between genders

(p = 0.001) and between Tanner stages (p = 0.001): it

increased in time in girls (76.6 ± 41.8 mg/dl at baseline

vs. 82.4 ± 42.8 mg/dl after 1 year) and in stage II children

(67.8 ± 31.6 mg/dl at baseline vs. 83.3 ± 47.9 mg/dl after

Table 1 Anthropometric and metabolic characteristics of over-

weight/obese and normal-weight children

OW/OB

(n = 61)

NW (n = 22) p

Gender

Male 4 (55.7%) 13 (59.1%) 0.233a

Female 27 (44.3%) 9 (40.9%)

Metabolic syndrome 10 (16.4%) 0 (0.0%) 0.043b

Age (year) 8.6 ± 0.7 8.4 ± 0.7 0.133b

Weight (kg) 42.0 ± 6.6 26.7 ± 3.1 \0.001b

Height (cm) 134.9 ± 6.1 129.6 ± 5.8 0.001b

BMI (kg/m2) 22.94 ± 2.29 15.86 ± 1.06 \0.001b

Z score BMI 1.93 ± 0.28 -0.12 ± 0.62 \0.001b

Waist circumference (cm) 72.8 ± 6.4 55.6 ± 3.7 \0.001b

Systolic BP (mmHg) 115.6 ± 8.2 103.2 ± 9.9 \0.001b

Diastolic BP (mmHg) 62.9 ± 9.6 53.8 ± 7.7 \0.001b

Glucose (mg/dl) 80.7 ± 5.7 80.3 ± 6.2 0.749b

T-chol (mg/dl) 169.6 ± 27.5 159.8 ± 15.3 0.046b

HDL (mg/dl) 49.7 ± 9.7 55.2 ± 10.6 0.030b

T-chol/HDL 3.51 ± 0.77 3.00 ± 0.67 0.008b

LDL (mg/dl) 107.8 ± 23.8 97.6 ± 17.8 0.073b

Triglycerides (mg/dl) 77.7 ± 52.1 52.3 ± 26.5 0.005c

Apolipoprotein A-I (mg/dl) 122.7 ± 15.6 141.8 ± 10.5 0.010b

Apolipoprotein B (mg/dl) 78.3 ± 15.1 69.4 ± 12.1 0.017b

Apolipoprotein A-I/B

(mg/dl)

1.62 ± 0.38 1.93 ± 0.41 0.085b

C-reactive protein (mg/dl) 0.39 ± 0.84 0.11 ± 0.06 0.004c

AST (U/L) 25.1 ± 5.0 26.8 ± 4.9 0.089c

ALT (U/L) 19.3 ± 6.3 17.8 ± 4.4 0.552c

GGT (U/L) 15.6 ± 6.8 17.1 ± 3.3 0.016c

Birth weight (g) 3,412 ± 457 3,358 ± 455 0.638b

Data presented as n (%) for gender and MS, and as mean ± standard

deviation (SD) for other variables

Statistic tests comparing OW/OB children with controls

OW/OB overweight/obese, NW normal weight, BP blood pressure,

T-chol total cholesterol, HDL high-density lipoprotein, LDL low-

density lipoprotein, AST aspartate aminotransferase, ALT alanine

aminotransferase, GGT gama-glutamyltransferase
a Chi-square test
b t student
c Mann–Whitney

394 Eur J Nutr (2011) 50:391–400

123



1 year), while it decreased in boys (80.4 ± 65.1 mg/dl at

baseline vs. 67.7 ± 28.3 mg/dl after 1 year) and in stage I

(73.2 ± 48.6 mg/dl at baseline vs. 71.4 ± 31.5 mg/dl after

1 year). At 1 year, the MS prevalence decreased from 16.4

to 14.8% (Fig. 1), more significantly in boys (p = 0.030).

BP levels C90th percentile decreased from 63.9 to 49.2%

Table 2 Baseline and follow-up anthropometric and clinical characteristics of the population study according to treatment assignment

(n = 61) Treat. type Baseline 6-Month follow-up 1-Year follow-up pa

t t*T T

Weight (kg) IT 42.6 ± 6.8 44.0 ± 7.3 46.5 ± 8.0 \0.001 0.431 0.270

GT 40.7 ± 6.2 42.3 ± 6.9 43.9 ± 6.4

BMI (kg/m2) IT 23.23 ± 2.52 23.08 ± 2.69 23.39 ± 2.77 0.842 0.579 0.107

GT 22.30 ± 1.57 22.28 ± 1.75 22.14 ± 1.81

zBMI IT 1.96 ± 0.29 1.83 ± 0.34 1.78 ± 0.33 \0.001 0.582 0.042

GT 1.86 ± 0.25 1.73 ± 0.35 1.61 ± 0.34

WC (cm) IT 73.6 ± 6.5 73.5 ± 6.9 74.9 ± 7.5 0.081 0.803 0.079

GT 70.9 ± 6.0 71.1 ± 6.2 71.6 ± 5.6

WC/height IT 0.54 ± 0.04 0.53 ± 0.04 0.53 ± 0.04 \0.001 0.760 0.042

GT 0.53 ± 0.03 0.52 ± 0.04 0.51 ± 0.03

SBP (mmHg) IT 115.2 ± 8.6 116.3 ± 8.8 114.3 ± 8.5 0.403 0.493 0.668

GT 116.3 ± 7.5 111.9 ± 9.2 114.1 ± 9.9

DBP (mmHg) IT 62.3 ± 8.4 62.3 ± 8.4 60.5 ± 6.9 0.047 0.382 0.687

GT 64.3 ± 12.0 58.4 ± 7.0 61.3 ± 6.5

Data presented as mean ± standard deviation (SD) for continuous variables

Treat treatment, IT individual treatment (n = 42), GT group-based treatment (n = 19), WC waist circumference, SBP systolic blood pressure,

DBP diastolic blood pressure
a GLM repeated measures, controlling for gender and Tanner stage: t = time effect; T = treatment effect; t*T = time 9 treatment interaction

Table 3 Baseline and follow-up metabolic characteristics of the population study according to treatment assignment

(n = 61) Treat. type Baseline 6-Month follow-up 1-Year follow-up pa

t t*T T

Glucose (mg/dl) IT 80.7 ± 5.7 79.0 ± 6.2 77.4 ± 7.2 0.177 0.343 0.730

GT 80.9 ± 6.2 78.7 ± 7.7 80.1 ± 10.8

T-chol (mg/dl) IT 166.0 ± 27.4 169.4 ± 27.2 168.6 ± 24.4 0.091 0.024 0.546

GT 177.4 ± 26.8 170.6 ± 26.5 180.6 ± 30.4

HDL (mg/dl) IT 48.5 ± 9.9 49.8 ± 8.8 50.4 ± 10.6 0.019 0.235 0.042

GT 52.4 ± 9.0 50.5 ± 9.7 55.9 ± 9.7

T-chol/HDL ratio IT 3.52 ± 0.79 3.48 ± 0.69 3.47 ± 0.76 0.377 0.413 0.145

GT 3.47 ± 0.72 3.45 ± 0.67 3.30 ± 0.68

LDL (mg/dl) IT 105.4 ± 24.5 106.9 ± 21.9 105.4 ± 22.3 0.119 0.013 0.955

GT 112.9 ± 21.9 107.4 ± 20.3 114.8 ± 26.4

TG (mg/dl) IT 79.2 ± 55.9 76.2 ± 27.8 77.2 ± 35.4 0.009 0.482 0.158

GT 74.6 ± 43.8 65.1 ± 28.5 73.5 ± 42.1

Apo A-I (mg/dl) IT 121.5 ± 16.8 126.2 ± 16.8 122.9 ± 15.2 0.026 0.057 0.293

GT 125.3 ± 12.6 122.2 ± 14.0 130.9 ± 14.2

Apo B (mg/dl) IT 77.2 ± 15.8 74.3 ± 13.8 75.1 ± 14.3 0.033 0.501 0.533

GT 80.8 ± 13.4 75.9 ± 13.4 77.8 ± 14.5

Data presented as mean ± standard deviation (SD)

Treat treatment, IT individual treatment (n = 42), GT group-based treatment (n = 19), T-chol total cholesterol, HDL high-density lipoprotein,

LDL low-density lipoprotein, TG triglycerides, Apo A-I apolipoprotein A-I, Apo B apolipoprotein B
a GLM repeated measures, controlling for gender and Tanner stage: t = time effect; T = treatment effect; t*T = time 9 treatment interaction
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(p = 0.063). No child presented impaired fasting glucose

levels, and acanthosis decreased to 11.5% 1 year later.

Children with higher than average zBMI presented a higher

than average number of MS criteria (q= 0.418, p \ 0.001).

OW/OB children with MS presented higher zBMI

(2.15 ± 0.20 vs. 1.88 ± 0.23; p = 0.006), systolic BP

(120.9 ± 8.6 vs. 114.5 ± 7.8 mmHg; p = 0.023), TG

(159.6 ± 85.2 vs. 61.7 ± 18.6 mg/dl; p \ 0.001), T-chol/

HDL (4.54 ± 0.99 vs. 3.30 ± 0.53; p = 0.003) and Apo-

lipoprotein B levels (87.6 ± 16.9 vs. 76.5 ± 14.2 mg/dl;

p = 0.033) than those without MS, while HDL (39.5 ± 8.8

vs. 51.7 ± 8.6 mg/dl; p \ 0.001), Apolipoprotein A-I

(111.4 ± 14.6 vs. 124.9 ± 14.9 mg/dl; p = 0.011) and

Apo A-I/B ratio (1.31 ± 0.25 vs. 1.69 ± 0.37; p = 0.003)

were lower.

Physical activity and sedentary behavior

OW/OB children had statistically fewer hours of sleep and

spent more hours watching TV than NW ones (Table 4).

OW/OB girls spent more time watching TV (p = 0.012),

while OW/OB boys spent more time playing computer

(p = 0.001) and in extra-curricular activities (p = 0.005).

Time devoted to extra-curricular exercise did not improve

over time. No differences were found between the IT and GT

subjects. MS children spent fewer hours in extra-curricular

Fig. 1 Prevalence of Metabolic

Syndrome and its criteria at

baseline and at the follow-up

visits at 6 months and at 1 year

in overweight/obese children.

WC waist circumference, TG
triglycerides, HDL high density

lipoprotein, BP blood pressure,

FG fasting glucose, MS
metabolic syndrome

Table 4 Sedentary and extra-curricular physical activities at baseline and at 1-year follow-up visit in overweight/obese and normal-weight

children

Overweight/Obese Normal-weight pb

Total

(n = 61)

Boys

(n = 27)

Girls

(n = 34)

pa Total

(n = 22)

Boys

(n = 13)

Girls

(n = 9)

pa

At baseline

School (h/day) 7.3 ± 1.9 7.3 ± 2.2 7.4 ± 1.7 0.860c 8.3 ± 0.8 8.1 ± 0.8 8.6 ± 0.7 0.141c 0.001c

Sleeping (h/day) 9.5 ± 0.7 9.4 ± 0.5 9.6 ± 0.8 0.152d 10.2 ± 0.6 10.4 ± 0.7 9.9 ± 0.5 0.107d 0.000d

Watching TV (h/day) 1.7 ± 0.9 1.4 ± 0.6 2.0 ± 1.0 0.012d 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.3 0.637d 0.000d

Playing computer/videogames

(h/day)

0.6 ± 0.5 0.8 ± 0.5 0.4 ± 0.4 0.001d 0.6 ± 0.4 0.6 ± 0.4 0.6 ± 0.4 0.621d 0.450d

Extra-curricular physical

activities (min/day)

14.8 ± 15.3 21.7 ± 17.0 9.4 ± 11.4 0.005d 19.0 ± 24.3 21.9 ± 24.8 14.8 ± 24.3 0.510d 0.886d

At 1-year follow-up

Extra-curricular physical

activities (min/day)

15.6 ± 14.6 24.4 ± 15.7 8.7 ± 9.0 \0.001c – – – – –

Data presented as mean ± standard deviation (SD)
a Significance level for the differences between boys and girls
b Significance level for the differences between overweight/obese and normal-weight children
c t student test
d Mann–Whitney test
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exercise, both at baseline (3.0 ± 6.4 vs. 17.2 ± 15.5 min/

day; p = 0.004) and after 1 year (5.9 ± 10.9 vs. 17.3 ±

14.6 min/day; p = 0.030).

Family history

Overweight/obesity was present in 42.6% of the mothers,

37.7% of the fathers and 14.8% of both parents of the OW/

OB children (65.6% had at least one of their parents with

excess weight). In grandparents, excess weight was present

in 63.9%. Other comorbidities were also referred, such as

dyslipidemia (21.3% mother, 21.3% father, 39.3% grand-

parents), hypertension (9.8% mother, 8.2% father, 47.5%

grandparents) and diabetes (0% mother, 1.6% father, 57.4%

grandparents). In NW children, overweight/obesity was

present in 19.0% of the mothers, 9.5% of the fathers and

4.8% of both parents.

Principal components analysis

Seven principal components (PCs) were extracted with

eigenvalues above 1. The first PC (PC1) was correlated

mainly with anthropometric variables (Dweight, DBMI,

DzBMI, DWC, DWC/height) and explained 24.0% of total

variance (Table 5). The second PC (PC2) was correlated

mainly with metabolic variables (DT-chol, DHDL, DLDL,

DApoA-I, DApoB, DALT, DGGT) and explained 21.6% of

total variance. The other PCs explained less than 8%. The

physical activities variables had very weak correlations

with both PCs. The only exception was the association

between physical activity at school and PC1 (R = -0.450).

According to the multivariate GLM, no significant asso-

ciation between PC1 and PC2 and the D of the number of

MS components (p = 0.639) was found. Treatment type

alone did not have a significant effect (p = 0.412), but its

interaction with gender did (p = 0.026). For PC1, girls

responded better to IT than to GT (-0.430 ± 1.220 vs.

0.438 ± 1.029), while boys responded better to GT

(0.160 ± 1.337 vs. -0.773 ± 1.114). For PC2, girls did

not show large discrepancies between IT and GT (0.160 ±

1.257 vs. 0.321 ± 1.060), while boys responded better to

IT (-0.416 ± 1.377 vs. 0.321 ± 1.148). No significant

differences between Tanner stages were found in both PCs;

however, children that evolved from stage I to stage II over

1-year period had significantly lower values in both

(p = 0.023).

Discussion

Our study presents the first report on the impact of an

outpatient lifestyle intervention on MS and their compo-

nents among OW/OB Portuguese children aged 7–9 years,

recruited from the general population. We found a high

prevalence of MS (16.4%) in OW/OB children, while it was

absent in the NW. Similar results were found by Dubose

et al. [26]. In other European countries, a similar prevalence

of MS is found [5, 25, 27], however, with differences when

considering the definition applied [5, 27].

OW/OB children in comparison with NW ones pre-

sented several cardiovascular and metabolic risk factors.

BP levels have shown to be strongly predicted by BMI

[28]; however, when compared to other studies [26, 27], we

found a greater prevalence of elevated BP levels. This may

be due to distinct dietary habits in our population, namely

high sodium intake [29]. Our results are in agreement with

data from Bogalusa Heart Study that showed significantly

higher levels of T-chol, LDL and TG and lower HDL levels

in overweight children [30]. CRP levels were also

increased in our OW/OB subjects. This is in line with

previous studies and seems to be related to an increased

risk of CVD and diabetes [31]. Also, in our study, the

number of children with 3 or more components of MS

increased in parallel to the increasing severity of obesity.

None of our children presented impaired fasting glucose

Table 5 Correlation matrix between the principal components (PC)

and the differences between baseline and 1-year follow-up variables

(D)

Variables PC1 PC2

DWeight 0.860 –0.299

DHeight 0.095 –0.350

DBMI 0.906 –0.200

DzBMI 0.916 –0.207

DWC 0.865 –0.328

DWC/height 0.865 –0.263

DSystolic BP 0.126 –0.097

DDiastolic BP 0.046 –0.318

DGlucose –0.150 0.222

DTotal cholesterol 0.377 0.840

DHDL –0.257 0.686

DLDL 0.394 0.807

DTriglycerides 0.401 0.372

DApolipoprotein A-I 0.036 0.709

DApolipoprotein B 0.458 0.694

DC-reactive protein 0.045 –0.080

DAST –0.024 0.473

DALT 0.045 0.567

DGGT 0.359 0.621

DPhysical activities at school –0.450 –0.092

DExtra-curricular physical activities 0.147 0.052

WC waist circumference, BP blood pressure, HDL high-density

lipoprotein, LDL low-density lipoprotein, AST aspartate aminotrans-

ferase, ALT alanine aminotransferase, GGT gama-glutamyltransferase

The bold correspond to the variables significantly correlated to each PC

Eur J Nutr (2011) 50:391–400 397

123



levels. Indeed, our sample is very young, and high fasting

glycemia is not common in the pediatric age [32]. How-

ever, we found a high frequency (19.5%) of acanthosis

nigricans, a known dermatologic feature of insulin resis-

tance [33].

In this study, both approaches (IT and GT) were effec-

tive in zBMI change and, in general, clinical and metabolic

parameters improved after 1 year. A significant reduction

in WC/height ratio, an index associated with cardiovascular

risk factors in children [30], was also observed at 1 year.

Although weight, BMI, and waist circumference did not

change significantly in this period, height increased sig-

nificantly, which is associated with an anthropometrical

improvement during growth. In this order, the use of per-

centiles or z-scores is preferred in the evaluation of chil-

dren. Since our study was not hospital-based, the severity

of obesity was moderate (zBMI: 1.93 ± 0.28), which may

also account to less severe comorbidities. Both zBMI and

WC/height ratio showed a more pronounced decrease in

children enrolled in the GT.

In addition to a reduction in zBMI, an improvement of

blood pressure and lipid profile was also shown over time.

BP levels C90th percentile decreased by 23%, yet after

1 year we still found an alarming prevalence of elevated BP

levels. In girls, we found an increase in TG levels at 1 year,

which may be associated with the higher number of girls at

Tanner stage II, since puberty is associated with an increase

in TG levels [34]. The relative normal baseline lipid levels in

these children may have limited our ability to show a more

substantial change. These results are in line with previous

pediatric studies showing that a reduction in obesity leads to

an improvement in CVD risks factors [12, 35].

Mostly in GT-children, we observed a fluctuation in the

mean values of some parameters between the follow-up

visits at 6 months and 1 year, namely an initial improve-

ment followed by a small setback. This may be associated

with more visits held in the first semester, allowing greater

compliance between children and staff. This suggests the

need for the development of continuous care models,

helping maintaining initial weight loss [36].

A slight decrease in the MS prevalence was observed.

However, in girls and in Tanner stage II children a higher

prevalence of MS was found at 1 year. This may be

explained by pubertal development, since it is associated

with an increase in insulin resistance [37] and with several

changes in plasma lipids [34]. Among those children who

never developed MS (n = 47) or no longer presented it

after 1 year (n = 5), most of them improved their zBMI,

while among those who developed MS (n = 4), all either

worsen or maintained their degree of overweight/obesity.

This is in accordance with a recent study which showed

that the amount of overweight reduction is a predictive

factor for the improvement of MS components [15]. The

fact that MS phenotype tends to persist and worsen over

time if no preventive actions are taken [7], highlights the

value of diet and exercise intervention. Other authors

obtained more significant results in response to lifestyle

intervention [15, 35, 38]; however, those are accomplished

with a stronger dietary restriction (1,000–1,200 kcal).

Besides small differences between the outcome measures

in both interventions, the GT seems to be more successful,

with a significant decrease in zBMI and an increase in HDL.

A family-based group treatment has been described as more

effective than individual treatment in the management of

childhood obesity at long term [13, 39, 40]. The response to

the treatment, IT or GT, was different according to gender,

which may alert us to the need for different approaches at

this age. In particular, girls in IT and boys in GT improved

more in PC1 (‘‘anthropometric’’). In respect to PC2

(‘‘metabolic’’), girls did not show differences between IT

and GT, while boys in IT presented better results. Further

studies are needed to better understand these results in order

to choose the optimal intervention.

OW/OB children were more prone to sedentary activi-

ties. Indeed, OW/OB and MS subjects spent usually around

2 h per day watching TV and playing computer or video-

games, while only about 15 min in extra physical activities.

Results from the Framingham Children’s Study confirm

that the number of hours spent watching television or

playing videogames is an important risk factor for the

development of excess body fat during childhood [41].

Boys are generally more active than girls [42], as we

observed. The time devoted to extra-curricular exercise

remained nearly constant over time. Some of the reasons

pointed out were the short time available, lack of appro-

priate infrastructures and insecurity in the practice of out-

door activities. On the other hand, an increase in physical

activity performed at school had a positive effect in PC1,

which may argue for a key role of school in promoting

healthy lifestyles. Since sedentary and physical activities

were obtained by self-report, this may limit the validity of

these measures. Many intervention studies with exercise in

their programs have shown that the combination of these

approaches improves metabolic outcomes [13–15].

Overweight/obesity was present in about 2/3 of the

family members of the OW/OB children. However, these

may be underestimated since data on parents were obtained

by self report. Other comorbidities were also reported, such

as CVD and DM2, mainly in grandparents. Indeed, a

family environment that promotes obesity and comorbidi-

ties in one member may be more likely to promote it in

others [43]. The advantage of family interventions is that

they address children and their parents. This is especially

important for younger children, as our sample, since the

influence of the parents on food habits and physical activity

is higher on earlier ages [44].
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Our study presents some limitations. First, the final

sample size, despite an acceptable drop-out rate. Second,

most children presented normal values at baseline for most

metabolic parameters, which may contribute to decrease

the statistical power for detecting significant differences.

Third, both groups were subjected to treatment, not

allowing comparing the outcomes with children not

enrolled in any.

In conclusion, our results showed a significant preva-

lence of MS and its components, namely abdominal

obesity, higher blood pressure and dyslipidemia in Portu-

guese OW/OB children. Both treatment interventions led to

a decrease in zBMI and a moderate improvement of those

components, more effective in the GT. Even in the absence

of weight loss, OW/OB children may improve their car-

diovascular and metabolic risk profile by lifestyle chan-

ges—diet, exercise, and behavior therapies. This may lead

to improved child health. The modest magnitude of the

benefits observed argues for a longer term and perhaps

more intensive intervention. Hence, longer-term studies

and larger cohorts are necessary to evaluate whether the

improvements are clinically relevant, how the changes are

incorporated into the lives of children and families and are

sustained over time.
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40. Garipağaoğlu M, Sahip Y, Darendeliler F, Akdikmen Ö, Kopuz

S, Sut N (2009) Family-based group treatment versus individual

treatment in the management of childhood obesity: randomized,

prospective clinical trial. Eur J Pediatr 168:1091–1099

41. Proctor MH, Moore LL, Gao D, Cupples LA, Bradlee ML, Hood

MY, Ellison RC (2003) Television viewing and change in body

fat from preschool to early adolescence: the Framingham chil-

dren’s study. Int J Obes 27:827–833

42. Riddoch CJ, Andersen LB, Wedderkopp N, Harro M, Klasson-

Heggebø L, Sardinha LB, Cooper AR, Ekelund U (2004) Physical

activity levels and patterns of 9-and 15-year-old European chil-

dren. Med Sci Sports Exerc 36:86–92

43. Pinhas-Hamiel O, Lerner-Geva L, Copperman N, Jacobson MS

(2008) Insulin resistance and parental obesity as predictors to

response to therapeutic life style change in obese children and

adolescents 10–18 years old. J Adolesc Health 43:437–443

44. Danielzik S, Pust S, Landsberg B, Müller MJ (2005) First lessons

from the Kiel Obesity Prevention Study (KOPS). Int J Obes

(London) 29:S78–S83

400 Eur J Nutr (2011) 50:391–400

123


	Markers of metabolic syndrome in obese children before and after 1-year lifestyle intervention program
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Subjects and methods
	Study population
	Study protocol
	Anthropometric measures
	Clinical and biochemical measures
	Physical activity
	Family history
	Definition of MS
	Statistical analysis

	Results
	Baseline characteristics
	Primary outcome
	Secondary outcome
	Physical activity and sedentary behavior
	Family history
	Principal components analysis

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


