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SUMMARY

Introduction High prevalence of metabolic syndrome (MetS) in children and adolescents is a great
concern of the modern society.

Objective Our aim was to determine the influence of previously investigated, but also and potentially
novel risk factors for the development of metabolic syndrome in children and adolescents.

Methods Observational case-control clinical study was conducted involving children and adolescents
with obesity/metabolic syndrome, treated on inpatient basis from January 2008 to January 2012 at the
Pediatric Clinic of the Clinical Centre Kragujevac, Kragujevac, Serbia. The group of “cases” (n=28) included
patients aged 10-16 years with the diagnosis of metabolic syndrome according to the International
Diabetes Federation (IDF) criteria, while the control group included twice as many obese patients (n=56)
matched to the compared group.

Results Presence of maternal gestational diabetes (OR :39.426; 95% Cl: 1.822-853.271; p=0.019),

adjusted”

and/or lack of breastfeeding in the first six months of life (OR :0.079; 95% Cl: 0.009-0.716; p=0.024)

adjusted*
were significant predictors for developing MetS. Also, microalbuminuria is associated with MetS in obese
children and adolescents (OR, gjusiea 1:686; 95% Cl: 1.188-2.393; p=0.003).
Conclusion Presence of maternal gestational diabetes and/or lack of infant breastfeeding are considered

as relevant factors that may contribute to the increased risk of developing MetS syndrome, while

Correspondence to:

Marko FOLIC

Faculty of Medical Sciences
University of Kragujevac
Svetozara Markovica 69
34000 Kragujevac

Serbia
markof@medf.kg.ac.rs

microalbuminuria is frequently associated with MetS in obese children and adolescents.
Keywords: metabolic syndrome; child obesity; adolescent obesity; risk factors

INTRODUCTION

Metabolic syndrome (MetS) is a complex
medical condition involving multiple inter-
related factors that directly increase the risk
of developing cardiovascular disease and type
2 diabetes mellitus, and includes abdominal
obesity, dyslipidemia, glucose intolerance and
hypertension [1]. Even though the current lit-
erature describes a wide range of cut-off crite-
ria values used to define MetS in the pediatric
population [2, 3, 4], the definition of the Inter-
national Diabetes Federation (IDF) is generally
accepted [5].

Obesity is considered one of the major com-
ponents of MetS in the pediatric population.
Rise in the prevalence of obesity in children
and adolescents presents a global and severe
problem of modern era, since excess weight
is associated with various health problems in
the pediatric population, and at the same time
presents a significant risk factor for morbidity
and mortality in adulthood [6].

Physical inactivity, inadequate and un-
healthy diet and modern, “sedentary” life-
style are the leading causes of the increase in
childhood obesity, especially in developing
countries [1]. According to the 2004 data of
the International Obesity Task Force [7], 10%
of schoolchildren aged 5 to 17 are overweight,
and it is estimated that the prevalence of child-

hood obesity will continue to increase, as has
been the case in recent years. In 2003/2004,
percentage of obese children aged 2-19 in the
USA was 17.1% [8]. It is interesting to note that
among adolescents obesity is slightly higher in
countries of Western and Southern Europe in
comparison to Central and Northern Europe
[9]. The prevalence of MetS varies not only de-
pending on the population, but also the criteria
defined for syndrome diagnosis. Cook et al. [3]
estimated that the prevalence of the syndrome
among youths aged 12 to 19 is 4.1%. Accord-
ing to the Bogalusa Heart Study [10], in the
population aged 8-17 the prevalence is 3.6%.
However, there is consensus that it is signifi-
cantly higher in obese children [2].

Certain circumstances, beginning with birth
(or even earlier), are linked to obesity and gly-
cemic disorders, or MetS. The presence of ma-
ternal gestational diabetes [11], low/high birth
weight [12], certain kinds of diet of newborns
[13], early rise in “fats” [14], genetic factors,
growing up in an “obesogenic” environment
and the impact of socio-economic factors [15]
are only some of the factors that may contrib-
ute to the increased risk for the development
of these disorders in children. Early identifica-
tion of children at risk of MetS, and prevention
of progression to type 2 diabetes mellitus and
cardiovascular disease later in life, is of great
importance for their future wellbeing.
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OBJECTIVE

The aim of our study was to further evaluate risk factors
for the development of MetS in children and adolescents.

METHODS

The study was designed as an observational case-control
clinical study involving children and adolescents of Ser-
bian nationality with obesity/metabolic syndrome, treated
on an inpatient basis from January 2008 to January 2012
at the Endocrine Department of the Pediatric Clinic at
the Clinical Centre Kragujevac, Kragujevac, Serbia. The
study was approved by the Ethics Commiittee of the Clini-
cal Centre Kragujevac.

The group of “cases” included 28 patients during the
study period aged 10 to 16 years with the diagnosis of
MetS according to the IDF criteria [5]. The control group
included 56 obese patients (obesity was defined as waist
circumference >90™ percentile for age and sex, according
to Yugoslav standards [16]), randomly selected from the
source population, matched to cases by gender, age and
comorbidity (allergic rhinitis, asthma or epilepsy). Written
informed consent was obtained from the parents of the
participants, and an oral consent from each child.

In order to properly identify the risk factors and poten-
tial confounders for the development of MetS in children
and adolescents, the following variables were monitored
and analyzed in the study: patient’s basic characteristics
and clinical parameters/signs on admission (age, gender,
comorbidities, waist circumference, body weight, height,
BMI, blood pressure, heart rate, presence/absence of
Acanthosis nigricans); basic blood chemistry panel (blood
glucose, urea, creatinine, uric acid, alkaline phosphatase,
direct bilirubin, total bilirubin, C-reactive protein, lipid
profile (cholesterol, HDL, LDL, triglycerides), ALT, AST,
GGT, HbAlc); fasting blood glucose levels, and levels at
120 minutes after glucose load, or fasting insulin levels
and levels at 120 minutes (oral glucose tolerance test -
OGTT with insulin levels); homeostatic indices of insu-
lin sensitivity: HOMA and QUICKI; morning cortisol
levels; microalbuminuria - in the quantitative urinalysis
(24-hour urine).

The parent-related variables determined by the ques-
tionnaire were as follows: body weight, height, parental
BMI; mother’s pregnancy (controlled, special-care, use
of medications in pregnancy, smoking, specific diseases
such as gestational diabetes, pregnancy-induced hyper-
tension, etc.); the presence of significant co-morbidities
(assessing the existence of chronic diseases in the child’s
parents and immediate family); socioeconomic living
conditions, family living area (rural/urban); level of pa-
rental education; birth order of children in the family;
family diet (type of food, regularity of meals); smoking
(active/passive); physical activity ("sedentary” lifestyle);
existence of stressogenic family events (divorce, loss of
a close person, loss of job, change of residence...); family
attitude towards obesity.

The child-related variables that were determined by in-
terviewing parents and children, were the following: birth
weight, APGAR score; diet during the first months of life
(breast/formula milk); physical activity/”sedentary” life-
style; significant child comorbidity (existence of chronic
diseases); significant co-medication in children (chronic
drug therapy); diet - types of food, regularity of meals.

Patients from both groups underwent clinical exami-
nation on admission to hospital. Height and weight were
measured without the subjects wearing shoes or heavy
outer clothing. Standing height was measured to the
nearest 0.1 cm and weight to the nearest 0.1 kg. Waist
circumference was measured at the level of the narrow-
est point between the lower costal border and the illiac
crest with non-stretchable measuring tape (produced by
local Serbian manufacturer) while the patient exhaled
slightly. While the patients were sitting, relaxed for more
than 10 minutes, blood pressure (BP) was measured twice
(each measurement 5 minutes apart), and the final BP
was presented as the mean value of these measurements.
Acanthosis nigricans was diagnosed by a dermatologist
independent from the investigators. Blood chemistry was
performed in the Laboratory Diagnostics Department of
the Clinical Centre Kragujevac (according to standard op-
erating procedure for laboratory diagnostics at the Clini-
cal Centre Kragujevac), while the remaining components
of the clinical study were conducted at the Pediatric Clinic
of the Clinical Centre Kragujevac, pursuant to applicable
hospital protocols.

HOMA index (Homeostasis Model Assessment) was
calculated using a formula suggested by Matthews et al.
[17]: (Gly0O(mmol/L)xInsO(nIU/mL)/22.5. On the other
hand, the QUICKI index (Quantitative Insulin Sensitivity
Check Index) was based on a logarithmic transformation
model: 1/log(InsO(uIU/mL))+log(Gly0(mg/dL)) [18]. To
calculate the index, a conversion of glycemic units from
mmol/L into mg/dL with the mathematical formula: mg/
dL=mmol/Lx18.0182, was used.

For continuous variables, the significance of differences
in cases of normal data distribution was tested by paramet-
ric tests (Student’s t test), whereas in the case of irregular
data distribution non-parametric tests were used (Mann-
Whitney U test). For categorical variables, Pearson’s x* test
was used to assess the significance of differences. The dif-
ference in the compared data was considered statistically
significant if the probability of the null hypothesis was less
than 5% (p<0.05). The variables which turned out to be
significant predictors/markers of the followed outcome of
interest after the univariate logistic analysis were included
in multivariate binary logistic regression. The SPSS statisti-
cal software was used for all calculations (SPSS Inc, version
18, Chicago, IL, USA).

RESULTS

In regard to the basic characteristics of patients in both the
MetS study group and the obese control group, a signifi-
cant difference between the study groups in body weight
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(84.29+21.85 vs. 76.34+14.03 kg, p=0.047), waist circum-
ference (95.46+9.58 vs. 91.04+8.41 cm, p=0.033), systolic
blood pressure (134.11+14.60 vs. 128.39+8.26 mmHg,
p=0.024) and diastolic blood pressure (83.57+11.21 vs.
78.8419.63 mmHg, p=0.048) was identified using the Stu-
dent’s t test, while x* test was used to determine the fre-
quency of Acanthosis nigricans (35.7% vs. 10.7%, p=0.006)
(Table 1). Regarding the age (12.93+1.96 vs.12.43+2.07
years), BMI (31.77£4.93 vs. 30.14+3.06 kg/m?), heart rate
(86.79+11.24 vs. 82.84+8.61 per minute), and the frequen-
cy of female subjects (57.1% vs. 53.6%), no statistical dif-
ference between the groups was observed (p>0.05).

A detailed analysis of blood chemistry panel in
both groups using the Student’s t test showed a signifi-
cant difference between the MetS group and the group
of obese patients in serum uric acid (356.32+32.70 vs.
340.98+32.30 umol/L, p=0.044), glycosylated hemoglob-
in Alc (5.55£0.69 vs. 5.24+0.54 %, p=0.030) and GGT
(22.39+10.64 vs.18.37£6.99 U/L, p=0.041). Since irregular
distribution of data related to the levels of AST and ALT
was found, the difference between the compared groups in
AST values (27.50+17.68 vs. 24.71+9.97 U/L, p>0.05) and
in ALT values (26.04+20.30 vs. 19.93+£11.04 U/L, p=0.020)
was tested by the Mann Whitney U test. Student’s t test
showed significant difference in the values of total cho-
lesterol (5.02£1.43 vs. 4.54+0.66 mmol/L, p=0.035), LDL
(3.33£1.25 vs. 2.78+0.74 mmol/L, p=0.013) and a highly
significant difference in the compared values of HDL
(0.94+0.34 vs. 1.31£0.18 mmol/L, p<0.001), and triglyc-
erides (1.95+1.10 vs. 1.12+0.42 mmol/L, p<0.001). Statis-
tical difference between the observed groups was not de-
tected (p>0.05) in values of urea (4.50+1.22 vs. 4.26+1.06
mmol/L), creatinine (69.39+18.03 vs. 62.45+16.83 umol/L),

alkaline phosphatase (195.43£63.89 vs. 204.96+44.20
U/L), direct bilirubin (1.73£0.83 vs. 1.85+0.87 umol/L),
total bilirubin (13.21+3.20 vs. 14.45+3.46 umol/L) and
CRP (3.83+1.73 vs. 3.23+1.29 mg/1), which were mainly
within reference ranges.

Comparison of cortisol values measured at 8 am and 4
pm, (within assessment of characteristic endocrine glands
functions) using the Student’s t-test identified the statisti-
cally significant difference in morning cortisol (measured
at 8am) between the group with MetS and obese group
(472.04£129.53 vs. 412.39+£118.51 nmol/L, p=0.038),
while this difference was not observed for 4pm values
(243.21+£74.36 vs. 217.14£54.72 nmol/L, p>0.05).

Regarding the comparison of differences in 24-hours
microalbuminuria, significantly higher values were de-
tected in the group of patients with MetS (7.04£4.96 vs.
3.05+1.81 mg/L, p<0.001).

Using the Student’s t-test, the analysis of blood glucose
and insulin values during OGTT showed a statistically
significant difference between the study groups in blood
glucose values at 120 minutes (6.93+1.18 vs. 6.38+0.93
mmol/L, p=0.023), but not in the values of fasting glu-
cose (4.66+0.71 vs. 4.43+0.51 mmol/L, p>0.05). From the
standpoint of statistical approach to fasting blood insulin
levels and levels at 120 minutes, it was determined that the
values of monitored parameters in both typical observa-
tion time points during OGTT were significantly higher in
MetS patients (20.28+7.02 vs. 14.95+3.77 ulU/mL, p<0.001
and 140.41+49.98 vs. 100.45+39.76 pIU/mL, p<0.001). Us-
ing the Student’s t-test, a highly significant difference was
found when comparing the homeostatic indices of insulin
sensitivity, HOMA (4.25+1.81 vs. 2.97+0.95, p<0.001) and
QUICKI (0.31240.013 vs. 0.32740.014, p<0.001).

Table 1. Basic patient characteristics, typical blood chemistry profile of subjects and the values of glucose tolerance test with insulin levels by

groups
Parameter/sign Metabc(v:czz)ér)\drome Ob«(e;isgé())up Tepstv\éilll;e;
Weight (kg) 84.29+21.85 76.34+14.03 t=2.019; p=0.047
Waist circumference (cm) 95.46+9.58 91.04+8.41 t=2.171; p=0.033
Systolic pressure (mmHg) 134.11+£14.60 128.39+8.26 1=2.293; p=0.024
Diastolic pressure (mmHg) 83.57+11.21 78.84+9.63 1=2.009; p=0.048
Acanthosis nigricans (n, %) 10 (35.7) 6(10.7) X*=7.566; p=0.006
Uric acid (umol/L) 356.32+32.70 340.98+32.30 1=2.043; p=0.044
ALT (U/L) 26.04+20.30 19.93+11.04 Z7=-2.332; p=0.020
GGT (U/L) 22.39+£10.64 18.37£6.99 t=2.073; p=0.041
HbA1c (%) 5.55+0.69 5.24+0.54 t=2.211; p=0.030
Total cholesterol (mmol/L) 5.02+1.43 4.54+0.66 t=2.138; p=0.035
HDL (mmol/L) 0.94+0.34 1.31£0.18 t=-6.505; p<0.001
LDL (mmol/L) 3.33+1.25 2.78+0.74 t=2.540; p=0.013
Triglycerides (mmol/L) 1.95+1.10 1.12+0.42 t=4.980; p<0.001
Cortisol - 8 AM (nmol/L) 472.04+129.53 412.39+118.51 t=2.108; p=0.038
Microalbuminuria (mg/L) 7.04+4.96 3.05+1.81 t=5.363, p<0.001
Blood glucose 120 minutes (mmol/L) 6.93+1.18 6.38+0.93 t=2.317; p=0.023
Fasting blood insulin (ulU/mL) 20.28+7.02 14.95+3.77 t=4.534; p<0.001
Blood insulin 120 minutes (ulU/mL) 140.41+£49.98 100.45+39.76 t=3.979; p<0.001
HOMA 4.25+1.81 2.97+0.95 t=4.278; p<0.001
QUICKI 0.312+0.013 0.327+0.014 t=-4.797; p<0.001

The data represent mean + standard deviation (SD), or n/frequency. Only significant factors are presented for the sake of clarity.
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Parent-related risk factors

A detailed analysis of parents’ characteristics led to an in-
teresting discovery - the Student’s t test showed higher
maternal body weight in the group of children and ado-
lescents diagnosed with MetS (81.36+11.85 vs. 77.07+6.81
kg, p=0.038), as well as mothers’ BMI (29.34+4.33 vs.
27.25%3.42 kg/m?, p=0.018), and fathers’ BMI (32.42+5.99
vs. 30.25+2.62 kg/m?, p=0.023) (Table 2). The values of
fathers’ body weight did not differ significantly among the
MetS group and the group of obese patients (102.25+16.83
vs. 97.29+7.84 kg, p>0.05).

There was also statistically significant difference in the
presence of elevated cholesterol/triglyceride levels (ab-
normal lipid profile values) (82.1% vs. 58.9%, p=0.033),
and the frequency of patients’ parents with type 2 diabe-
tes (67.9% vs. 44.6%, p=0.045) among the subjects in the
group of patients with MetS and obese control group.

With respect to the family history of obesity (92.9%
vs 78.6%), arterial hypertension (92.9% vs. 80.4%), asth-
ma (25.0% vs. 32.1%), and psychiatric illnesses (7.1% vs.
1.8%), as well as the regularity of meals (42.9% vs. 58.9%),
frequency of spicy/fatty foods intake (89.3% vs. 82.1%),
carbonated beverage intake (71.4% vs. 55.4%), regularity
of fruit and raw vegetables in the diet (35.7% vs. 46.4%),
existence of smokers in the family (92.9% vs. 76.8%) and
parents” physical activity (7.1% vs. 8.9%), no significant
differences were found between the group of children with
MetS and the obese group (p>0.05).

Review and comparison of mothers” pregnancy-related
data for children and adolescents in both study groups
with respect to special-care pregnancy and application of
tocolytic agents, showed a significantly higher frequency
in the group with MetS (53.6% vs. 30.9%, p=0.045). Gesta-

Table 2. Characteristics of parents, children and families

Metabolic Obese Test value:
Risk factors syndrome group value !
(n=28) (n=56) P
Mother’s weight (kg) 81.36+11.85 | 77.07+6.81 1=2.105;
T T p=0.038
\ s t=2.414;
Mother’s BMI (kg/m?) 29.34+4 .33 27.25+3.42 p=0.018
Father's BMI (kg/m?) 32424599 | 3025+262 | 2313
T o p=0.023
Family history of \2=4.527;
elevated cholesterol/ 23 (82.1%) 33 (58.9%) _0'033’
triglyceride levels p=0
Family history of type 2 o o x>=4.033;
diabetes mellitus 19(67.9%) 25 (44.6%) p=0.045
il N ) X=4.022;
Special-care pregnancy 15 (53.6%) 17 (30.9%) p=0.045
. . o 5 X*=3.938;
Gestational diabetes 7 (25.0%) 5 (8.9%) p=0.047
Mother smoked o o X*=4.842;
during pregnancy 16 (57.1%) 18 (32.1%) p=0.028
Family history of N o X*=4.266;
stressogenic event 15 (53.6%) 17 (304%) p=0.039
Breastfeeding during o o X*=6.099;
first 6 months of life 9(32.1%) 34(60.7%) p=0.014

The data represent the mean + standard deviation (SD), or n/frequency. Only
significant factors are presented for the sake of clarity.

tional diabetes was identified as a significant pathology in
pregnancy, confirmed by the statistically significant differ-
ence within the studied groups (25.0% vs. 8.9%, p=0.047).
In addition, there was a statistically significant difference
regarding certain harmful habits of mothers during preg-
nancy, such as smoking (57.1% vs. 32.1%, p=0.028). In
respect to the presence of pregnancy-induced hyperten-
sion (28.6% vs. 12.5%), no significant difference in the
prevalence of pathophysiological phenomenon in mothers
of children and adolescents in the observed groups was
found (p>0.05).

The existence of a stressogenic family event (divorce
of parents, loss of a close person, loss of job, change of
residence), a significant risk factor for many diseases, was
more prominent in children in the study group versus
the control group (53.6% vs. 30.4%, p=0.039). In terms of
socio-economic, demographic and other relevant factors
related to the family setting, neither significant difference
regarding rural/urban area of residence (urban - 64.3% vs.
60.7%), adequate, economic living conditions (57.1% vs.
66.1%), university education (at least one) of the parents
(17.9% vs. 25.0%), “positive” family attitude toward obesity
(50.0% vs. 42.9%) nor frequency of firstbornness (71.4%
vs. 55.4%) were found between the observed groups of
participants in the study (p>0.05).

Child-related risk factors as determined by
surveying parents/child

Analyzing both perinatal data and general characteristics
of interest related to children and adolescents in the ob-
served groups, a significant difference between the MetS
group and the group of obese patients was found regard-
ing breastfeeding (natural food) in the first 6 months
of life (32.1% vs. 60.7%, p=0.014) (Table 2), while no
such difference was determined in body weight at birth
(3416.07+270.13 vs. 3335.36+613.98 g) and APGAR scores
(8.86£0.59 vs. 9.08+0.57) of children participating in the
study (p>0.05).

It is interesting to note that between the children and
adolescents with MetS and the obese children no differ-
ence in physical activity (14.3% vs. 19.6%), regularity of
meals (three meals and two snacks) (25.0% vs. 39.3%),
diets based on spicy/fatty foods (92.9% vs. 96.4%), i.e.
based on the snacks and sweets (96.4% vs. 94.6%), regular
presence of fruit and raw vegetables in the diet (28.6% vs.
41.1%), and consumption of soft drinks (64.3% vs. 67.9%)
was found (p>0.05).

Multivariate analysis (logistic regression)

The results of logistic regression model are shown in Table
3. The multivariate binary logistic regression model, ex-
cluding the parameters typical for IDF definition of MetS in
children and adolescents, showed a significant association
between the development of MetS and microalbuminu-
ria (OR : 1.686; 95%CI: 1.188-2.393; p=0.003) and

adjusted”
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Table 3. Multivariate analysis of risk factors for the development of
metabolic syndrome in children and adolescents

95% ClI
Risk factors B OR Lower | Upper p
value value

Microalbuminuria 0.522 | 1.686 | 1.188 2.393 |0.003
Gestational diabetes 3.674 |39.426 | 1.822 |853.271|0.019
Breastfeeding during

the first 6 months -2.537 | 0.079 | 0.009 0.716 |0.024
of life

Only significant factors are presented for the sake of clarity.
B - coefficient of logistic regression analysis; OR — odds ratio; Cl - confidence
interval

maternal gestational diabetes (OR . _ : 39.426; 95%ClI:
1.822-853.271; p=0.019), or breastfeeding during the first
6 months of life (OR . 0.079; 95%CI: 0.009-0.716;
p=0.024), while all the other potentially significant pre-
dictors/markers after univariate logistic analysis of the
study groups as mother’s BMI and weight, father’s BMI,
child/adolescent cortisol levels at 8AM, levels of ALT,
GGT, uric acid, LDL, family history of elevated choles-
terol/triglyceride levels, family history of type 2 diabetes
mellitus, special-care pregnancy, maternal smoking during
pregnancy, family history of stressogenic event were not
predictive; Hosmer-Lemeshow Goodness-of-Fit Test for
the conducted logistic regression model: x*=2.043, df=8,

p=0.980.

DISCUSSION

Whether a patient meets the criteria for the development
of MetS may be adequately determined by observing the
patient’s medical history, physical examination and labora-
tory assessments. Globally, obesity in the pediatric popula-
tion has been one of the major concerns of the modern era,
and the increase in MetS prevalence is directly related to
the degree of obesity in children and adolescents.

After analysis of risk factors for MetS development in
children and adolescents, our study showed that the fre-
quency of gestational diabetes in mothers of children and
adolescents with MetS versus mothers of the obese study
subjects was significantly higher. Specifically, the presence
of maternal gestational diabetes was observed to be one
of the factors that may contribute to the increased risk of
obesity and type 2 diabetes in children [11], and recent
research supports the development of MetS in children
born to diabetic mothers as “large for gestational age” [19].

It should be noted that our study demonstrated that
breastfeeding during the first months of life was clearly
more prevalent in the obese children versus the children
with MetS. Opinions on the correlation between the type
of diet in the infant period and its repercussions on the
development of obesity in later life are controversial. In
the past, a dominant hypothesis was that during the first
year of life the total number of adipocytes was completed,
and that hypercellular obesity developed during this pe-
riod carried a higher risk of persistent obesity [20]. To-
day, the assumption that the duration of obesity and not

| doi: 10.2298/SARH1504146F

the age at which it develops represents the crucial factor
in determining the number of adipocytes is considered
more likely [21, 22]. De Armas et al. [23], in their re-
search which was based on the estimated correlation of
breastfeeding and prevalence of obesity, i.e. development
of MetS in obese children and adolescents, have dem-
onstrated that breastfeeding longer than three months
was associated with a lower degree of obesity, smaller
waist circumference and significantly fewer potential
complications associated with MetS in childhood and
adolescence, and that as many as 64% of children with
a complete picture of MetS were fed using formula milk.
The assumption that nutrition mode in early childhood
may influence the development of obesity in adulthood
[24] is not uncommon either. Artificial nutrition, in fact,
stimulates postnatal growth and subsequently a more
intensive development of obesity in overweight children
and adolescents, while in turn, breastfeeding is correlated
with a slower pace of growth. Higher protein content in
formula milk vs. breast milk is considered a significant
factor influencing the rapid growth in the neonatal pe-
riod. On the other hand, breastfeeding protects children
from developing obesity by decreasing plasma insulin,
significantly reducing fat reserves, and preventing early
development of adipocytes [24].

Although gestational diabetes and maternal diet in the
tirst months of life stand out as the leading risk factors
for the development of MetS in the pediatric population,
the univariate analysis used in the study showed that fac-
tors such as increased maternal body weight, mother’s
and father’s body mass index, increased cholesterol/trig-
lyceride levels, presence of diabetes mellitus type 2 and
stressogenic family events, smoking during pregnancy,
and special-care pregnancy may be considered the valid
predisposing factors, review and analysis of which shall
allow for timely and appropriate diagnostic approach to
MetS in vulnerable children and adolescents, the attitude
turther supported by the results of numerous other stud-
ies [15, 21, 25, 26, 27].

Cortisol is an adrenal cortex hormone involved in the
regulation of many physiological functions of the body.
Anagnostis et al. [28] stressed the importance of corti-
sol in the development of MetS. The increased activity of
the hypothalamic-pituitary-adrenal axis was observed in
patients with MetS, which may be due to the exposure to
chronic stress or low birth weight. In addition, it is well-
known that glucocorticoids help adipocyte differentiation
and proliferation [29] and that their receptors are more
dense in the visceral than in the subcutaneous adipose
tissue [30], which in turn leads to the increased cortisol
exposure contributing to the increased accumulation of
fat in visceral depots. Also, Khani et al. [31] have shown
that cortisol significantly influences stimulation of gluco-
neogenesis. Elevated cortisol levels that may occur within
MetS contribute to increased gluconeogenesis in the liver
and impaired glucose metabolism.

Even though cortisol levels in our study reached sta-
tistical significance in the analytical estimates, this early
diagnostic marker for MetS diagnosis cannot be consid-
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ered significant, since the confidence interval included the
value of one.

The epidemiological study conducted by Sanad and
Gharib [32], analyzing only obese children, found the
microalbuminuria incidence of 14.7%. These children
were found to have a higher waist circumference, increased
blood pressure, high triglyceride levels, low HDL levels,
insulin resistance and elevated fasting glucose compared to
obese children with absence of albumin in urine. Although
opinions on microalbuminuria as a component of MetS
still differ greatly [33, 34], its significance in the field of
MetS is supported by the fact that recent recommendations
of WHO suggest that the disorder should be included in
the definition of this pathophysiological syndrome [35].

Results of our research also support that microalbu-
minuria should be a part of this syndrome in obese chil-
dren and adolescents.

Main limitation of our study was a relatively small study
sample, collected from only one study site; therefore, local
influences underlying the risk factors could not have been
eliminated. Besides, the values of some of the variables
were reported by the children and their parents, and could
not have been double checked.

REFERENCES

1. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome - a new world-
wide definition. A Consensus Statement from the International
Diabetes Federation. Diabet Diabet Med. 2006; 23:469-80.

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

3. CookS, 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.

4. Ford Es, Ajani UA, Mokdad AH. The metabolic syndrome and
concentrations of C-reactive protein among U.S. youth. Diabetes
Care. 2005; 28:878-81.

5. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, et
al. IDF Consensus Group. The metabolic syndrome in children and
adolescents — an IDF consensus report. Pediatric Diabetes. 2007;
8:299-306.

6. Weiss R, Caprio S. The metabolic consequences of childhood
obesity. Best Pract Res Clin Endocrinol Metab. 2005; 19(3):405-19.

7. Lobstein T, Baur L, Uauy R. IASO International Obesity Task Force.
Obesity in children and young people: a crisis in public health.
Obes Rev. 2004; 5(Suppl 1):4-104.

8. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal
KM. Prevalence of overweight and obesity in the United States,
1999-2004. JAMA. 2006; 295:1549-55.

9. Lissau |, Overpeck MD, Ruan JW, Due P, Holstein BE, Hediger ML.
Body mass index and overweight in adolescents in 13 European
countries, Israel, and the United States. Arch Pediatr Adolesc Med.
2004; 158:28-33.

10. Srinivasan S, Meyers, Berenson G. Predictability of childhood
adiposity and insulin for developing insulin resistance syndrome
(syndrome X) in young adulthood: the Bogalusa Heart Study.
Diabetes. 2002; 51:204-9.

11. Pettitt DJ, Nelson RG, Saad MF, Bennett PH, Knowler WC. Diabetes
and obesity in the offspring of Pima Indian women with diabetes
during pregnancy. Diabetes Care. 1993; 16(Suppl 1):310-4.

12. Wei JN, Sung FC, Li CY, Chang CH, Lin RS, Lin CC, et al. Low birth
weight and high birth weight infants are both at an increased risk
to have type 2 diabetes among schoolchildren in Taiwan. Diabetes
Care. 2003; 26:343-8.

13. Pettitt D, Forman M, Hanson R, Knowler W, Bennett P. Breast feeding
in infancy is associated with lower rates of non-insulin-dependent
diabetes mellitus. Lancet. 1997; 350:166-8.

CONCLUSION

Based on our results, we could conclude that the pres-
ence of maternal gestational diabetes and/or lack of in-
fant breastfeeding during the first months of life may
contribute to the increased risk of developing MetS, while
microalbuminuria is frequently associated with MetS in
obese children and adolescents. Taking into account these
factors, early identification of children and adolescents at
risk of developing MetS may be improved, as well as the
creation of preventive and timely strategies to prevent the
occurrence of the syndrome or the development of poten-
tial complications (primarily cardiovascular diseases and
diabetes mellitus type 2) in later life.

ACKNOWLEDGEMENTS

This study was partially financed by Research grant No: JP
14/11 given by the Faculty of Medical Sciences, University
of Kragujevac, by Research grant No. 175007 given by the
Serbian Ministry of Education and through a grant No.
404 from the Ministry of Science, Montenegro.

14. Eriksson J, Forsen T, Tuomilehto J, Osmond C, Barker D. Early
adiposity rebound in childhood and risk of type 2 diabetes in adult
life. Diabetologia. 2003; 46:190-4.

15. Abu Sayeed M, Ali L, Hussain MZ, Rumi MA, Banu A, Azad Khan AK.
Effect of socioeconomic risk factors on the difference in prevalence
of diabetes between rural and urban populations in Bangladesh.
Diabetes Care. 1997; 20:551-5.

16. Martinovic J, Dotli¢ R, Jani¢ D, Janjevic V, Kepeski Dj, Marinkovic¢
J, etal. Children’s Body Measurements. Zajecar: Medical Library;
1981.

17. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985; 28:412-9.

18. Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan
G, et al. Quantitative insulin sensitivity check index: a simple,
accurate method for assessing insulin sensitivity in humans. J Clin
Endocrinol Metab. 2000; 85:2402-10.

19. Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome
in childhood: association with birth weight, maternal obesity,
and gestational diabetes mellitus. Pediatrics. 2005; 115(3):
€290-e6.

20. Hirschler M, Roque |, Calcagno M, Gonzales, Aranda C.

Maternal waist circumference and the prediction of children’s
metabolic syndrome. Arch Prdiatr Adolesc Med. 2007;
161(12):1205-10.

21. Mahan LK. Family-focused behavioral approach to weight control
in children. Ped Clin N Am. 2006; 34:983-96.

22. von Kries R, Koletzko B, Sauerwald T, von Mutius E, Barnert D,
GrunertV, et al. Breast feeding and obesity: cross sectional study.
BMJ. 1999; 319:147-50.

23. de Armas MG, Megias SM, Modino SC, Bolafios Pl, Guardiola PD,
Alvarez TM. Importance of breastfeeding in the prevalence of
metabolic syndrome and degree of childhood obesity. Endocrinol
Nutr. 2009; 56(8):400-3.

24. Oddy WH. Infant feeding and obesity risk in the child. Breastfeed
Rev. 2012; 20(2):7-12.

25. Huang RC, Burke V, Newnham JP, Stanley FJ, Kendall GE, Landau LI,
et al. Perinatal and childhood origins of cardiovascular disease. Int J
Obes (Lond). 2007; 31(2):236-44.

26. Vorgucin |, Naumovi¢ N, Vlaski J, Katani¢ D, Konstantinidis G.
Predictive values of metabolic syndrome in children. Cent Eur J
Med. 2011; 6(4):379-85.

www.srp-arh.rs



152

27.

28.

29.

30.

31

n

Foli¢ N. et al. Risk Factors for the Development of Metabolic Syndrome in Obese Children and Adolescents

Eyzaguirre F, Bancalari R, Romén R, Silva R, Youlton R, Urquidi

C, et al. Prevalence of components of the metabolic syndrome
according to birthweight among overweight and obese children
and adolescents. J Pediatr Endocrinol Metab. 2012; 25(1-2):51-6.
Anagnostis P, Athyros VG, Tziomalos K, Karagiannis A, Mikhailidis
DP. Clinical review: The pathogenetic role of cortisol in the
metabolic syndrome: a hypothesis. J Clin Endocrinol Metab. 2009;
94(8):2692-701.

Hauner H, Schmid P, Pfeiffer EF. Glucocorticoids and insulin
promote the differentiation of human adipocyte precursor cells
into fat cells. J Clin Endocrinol Metab. 1987; 64:832-5.
Rebuffe-Scrive M, Walsh VA, McEven BS, Rodin J. Effect of chronic
stress and exogenous glucocorticoids on regional fat distribution
and metabolism. Physiol Behav. 1992; 52:583-90.

Khani S, Tayek JA. Cortisol increases gluconeogenesis in humans:
its role in the metabolic syndrome. Clin Sci (Lond). 2001;
101(6):739-47.

32. Sanad M, Gharib A. Evaluation of microalbuminuria in obese
children and its relation to metabolic syndrome. Pediatr Nephrol.
2011;26(12):2193-9.

33. Third Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel lll) final report.
Circulation. 2002; 106:3143-421.

34. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin
BA, et al; American Heart Association; National Heart, Lung, and
Blood Institute. Diagnosis and management of the metabolic
syndrome: An American Heart Association/National Heart,

Lung, and Blood Institute Scientific Statement. Circulation. 2005;
112:2735-52.

35. Alberti KG, Zimmet PZ. Definition, diagnosis and classification
of diabetes mellitus and its complications. Part 1: diagnosis and
classification of diabetes mellitus provisional report of a WHO
consultation. Diabet Med. 1998; 15:539-53.

®aKTopu pu3MKa 3a pa3Boj MeTaboNMYKOr CMHAPOMA KOZ rojasHe gele u

aponecueHara

HeseHa Qonuh', Mapko ®onuh?3, Cnasmua Mapkosuh'3, Mapuja AHhenkosuh4, CnoboaaH JaHkoBrh>?
'KnuHuika 3a negujatpujy, Knunuukn uentap Kparyjesa, Kparyjesau, Cp6uja;

2Cnyx6a 3a KnuHUUKy dapmakonorujy, KnuHuukn Lentap Kparyjesau, Kparyjesau, Cpbuja;

3YHuBep3uTeT y KparyjesLy, GakynTteT MegnUMHCKNX Hayka, Kparyjesal, Cpbuja;

“Cnyx6a 3a nabopatopujcky aujarHocTuky, Knninukn ueHtap Kparyjesau, Kparyjesau, Cpbuja

KPATAK CAZIP?KAJ

YBop Bricoka npeBaneHymja MeTabonmyKkor CMHAPOMa Kopa
JeLe 1 agonecleHaTa onwTn je 1 3abpurasajyhv npobnem
CaBpeMeHor ApyLUTBa.

Liwmb papa Linb nctpaxnBarba je 6110 aa ce yTBpAM yTrLaj pa-
HUje NCNUTUBAHUX U MOTEHLMjaIHO HOBUX haKTopa pu3rKa Ha
pa3Boj MeTaboNMUKOr CMHAPOMA KOZ, AAeLie 1 aposiecLieHaTa.
Metope papa YpaheHa je oncepBaLroHa KNMHUYKa CTyauja
UCNTUBaA CIlyyajeBa 1 KOHTpona (eHrn. case-control study)
Koja je obyxBaTuna fely 1 agonecueHTe ca rojasHowwhy, oa-
HOCHO MeTaboNIMYKNM CUHAPOMOM, Koja Cy GONHUYKN neyeHa
oA jaHyapa 2008. go jaHyapa 2012. roguHe y lNegmjaTpunjckoj
KnuHuum KnnHnukor uexTpa y Kparyjesuy (Peny6nuka Cpbu-
ja). Tpyny,cnyyajeBa” unHMno je 28 ncnutaHrKa y3pacta og 10
[0 16 roanHa ca AnjarHo30M MeTaboNIMYKOT CHAPOMA CXOLHO
Kputepujymrma MehyHapopaHe denepauuje 3a gujabetec (In-
ternational Diabetes Federation — IDF), [OK je KOHTPOMHY rpyny

pumsbeH « Received: 08/04/2014

doi: 10.2298/SARH1504146F

NCNUTaHMKa YMHWIO 56 rojasHe Aelle 1 agonecleHata CIMYHUX
04JIMKa 1 KomopbuanTeTa Kao KomnapupaHa rpyna.

Pe3yntaTtu 3acTyn/beHOCT recTalyioHor avjabeTeca Koa Majke
(ORadjmd: 39,426; 95%Cl: 1,822-853,271; p=0,019) n/unun n3o-
CTaHaK Jjojera Y NMPBUX LLeCT MeceLm xmBoTa aeTeta (OR

0,079; 95%Cl: 0,009-0,716; p=0,024) 3HauajHM Cy NPeANKTOPH
3a pa3Boj meTabonuukor cuHapoma. C pa3Bojem MeTabonmykor
CMHAPOMa KOZ rojasHe AeLle v afgonecLieHata yapy»eHa je 1 mu-
KpoanbymmHypuja (OR, gusted 110867 95%Cl:1,188-2,393; p=0,003).
3aksbyyak [ectaumoHu fujabetec MajKke U/vnu N3ocTaHak Aoje-
tba fieTeTa y MPBUX LLIECT MeCeL Mo heroBom pohetby cmaTtpajy
Ce peneBaHTHUM dpaKkTopu1Ma Kojvi Mory JONpUHETH noBehaHom
pY31Ky 3a pa3Boj MeTabonuukor cuHgpoma. MUKpoanbymmHy-
pvja je Takohe Beoma 4eCTo yfpy»eHa C pa3BojeM OBOT CUH-
APOMa KOA rojasHe feLie 1 apgonecLeHara.

KrmbyuHe peun: MeTabonnMuKy CUHOPOM; r0ja3HOCT AeLle; roja-

3HOCT afoniecleHarta; d)a KTOPW pU3nKa

MpuxsaheH « Accepted: 01/10/2014
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