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Abstract

Objectives: The aim of this study was to determine the prevalence of individual features of the metabolic syndrome in children 
and adolescents with obesity referred to a central hospital unit. 
Methods: We studied children and adolescents referred to our Paediatric Endocrine Unit for evaluation of their weight. 
Subjects were included if body mass index (BMI) exceeded the 85th centile for age and sex and excluded if diabetes was 
known to be present. We assessed blood pressure, fasting blood glucose, lipid profiles, leptin, plasma c-peptide, and insulin 
resistance using homeostasis model assessment for insulin resistance (HOMA-IR).
Results: From a study population of 115 children and adolescents, obesity was present in 90 (76.9%); the remainder being 
classified as overweight (23.1%). Dyslipidaemia was present in 51%, hypertension in 22% and impaired glucose tolerance 
or insulin resistance in 70%. Metabolic syndrome was found in 40% of the study group, classified by modified WHO or ATP-
III criteria. The number of features of the metabolic syndrome correlated with BMI percentile (r=0.61, p<0.001), with waist 
circumference (WC) (r=0.47, p<0.001) and with HOMA-IR (r=0.44, p<0.001).
Conclusion: Our results indicate a high prevalence of metabolic syndrome in overweight and obese children and adolescents 
referred to our unit. Further studies are needed to investigate whether these results are generalisable to the general Georgian 
population. 
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Background

Metabolic syndrome (MetS) is a cluster of various 
symptoms including obesity (or visceral obesity), 
hyperglycaemia, dyslipidaemia and elevated blood pressure, 
which are often associated with an insulin resistance 
(IR). Its definition and criteria for adults are reasonably 
defined. But in the case of children and adolescents, there 
is no standardization of the diagnostic criteria for metabolic 
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syndrome [1-4]. There is no consensus for reference values 
for the anthropometric and metabolic parameters to be used 
during childhood and adolescence [5]. This may be due, 
in part, to the changes in growth and development during 
childhood and adolescence affecting the cut-off values for 
the individual components of the metabolic syndrome 
[6]. Modifications of the adult criteria used in WHO and 
National Cholesterol Education Program’s Adult Treatment 
Panel (ATP) - III definitions are commonly used [7,8]. The 
International Diabetes Federation (IDF) proposed paediatric 
criteria for children aged 10 -16 years, preferring not to 
diagnose metabolic syndrome in those less than 10 years of 
age [9]. 

There is general agreement that the rising prevalence of 
obesity is associated with the increase in metabolic syndrome 
and type 2 diabetes mellitus in children and adolescents 
[10-12]. Weight gain in adults is generally characterized 
by growth of fatty tissues. But weight gain in children and 
adolescents is associated with the growth of all tissues and 
is not necessarily associated with obesity [13,14]. Waist 
circumference, a surrogate measure of visceral fat, shows 
the most consistent association with adverse lipid levels 
and insulin resistance [15]. Obesity and, especially, visceral 
obesity has a key role as a risk-factor of MetS and related 
comorbidities [12].

There is a paucity of data regarding the prevalence of 
MetS in Georgia. In 2014, 56% of females and 54% of males 
in Georgia were overweight (body mass index of 25 or more), 
representing a slight increase since 2010 for both sexes [11]. 
However the metabolic impact of the increasing prevalence 
of obesity is uncertain particularly in the younger age groups. 
The aim of this study therefore was to study metabolic 
characteristics in obese children and adolescents. To the 
best of our knowledge, this is the first report on metabolic 
syndrome in this population from Georgia.

Methods

The study protocol was approved by the Board of National 
Institute of Endocrinology (IRB 461/1607) and conducted 
according to the ethical standards of the institution and 
the Declaration of Helsinki. Written informed consent from 
parents and/or guardians and written assent from children 
(where appropriate) and adolescents were obtained.

Subjects

We studied 117 children and adolescents between ages 
8-15 years who were referred by their family practitioner 
or paediatrician to our Paediatric Endocrine Unit for the 
evaluation of the weight. Inclusion criteria were a body-
mass index (BMI) defined as weight in kilograms divided by 

the square of the height in meters that exceeded the 85th 
percentile for their age and sex. Exclusion criteria were the 
known presence of diabetes and the use of medications that 
alter blood pressure, glucose or lipid metabolism.

Anthropometric Measurements

Body weight and height were measured using a calibrated 
scale. BMI percentile for age and sex, established by the U.S. 
Centers for Disease Control and Prevention (CDC) was used 
[16]. We defined overweight as BMI between 85th and 95th 
centile and obesity as equal to or greater than the 95th BMI 
percentile. Severe obesity in childhood was defined as the 
99th BMI percentile or 120% of the 95th percentile [17,18].

Procedures

The subjects consumed a diet containing at least 250 
g of carbohydrates per day for three days before the study 
and refrained from vigorous physical activity. They were 
evaluated at 8 a.m., after a 12-hour, overnight fast. Their 
weight and height were measured, and their BMI was 
calculated. Blood pressure was measured three times while 
the subjects were seated, and the last two measurements 
were averaged for analysis. Baseline blood samples were 
obtained from subjects while they were fasting, with the 
use of an indwelling venous line for measurement of levels 
of glucose, insulin, lipids, leptin. An oral glucose-tolerance 
test was then performed with the administration of 1.75 g of 
glucose per kilogram of body weight.

Biochemical Analysis

Plasma glucose levels (fasting plasma glucose: FPG, 
postprandial plasma glucose: PPG) were determined by 
glucose oxidase method and measured with the use of the YSI 
2700 STAT Analyzer (Yellow Springs Instruments). Serum 
lipids (total cholesterol, HDL-cholesterol, LDL-cholesterol, 
VLDL-cholesterol, Triglycerides) were measured with the 
use of an Auto Analyzer (model 747–200, Roche–Hitachi). 
Plasma C-peptide, fasting plasma insulin (FPI), postprandial 
plasma insulin (PPI) and Leptin levels were measured with 
the use of an Enzyme-linked Immuno-Sorbent Assay kits 
(R&D Systems). HOMA-IR (homeostasis model assessment 
for insulin resistance) was calculated according to the 
formula [glucose (mg/dl)/18 x insulin (mUI/ml)]/22.5. 
Insulin resistance (IR) was defined as present when HOMA 
>3.1 [19].

MetS Definitions

The criteria we used to diagnose the metabolic syndrome 
were modified from those of the National Cholesterol 
Education Program’s Adult Treatment Panel III (ATP III) and 
the World Health Organization. Because body proportions 
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normally change during pubertal development and may 
vary among persons of different races and ethnic groups, 
differences in waist-to-hip ratios are difficult to interpret 
in children. We therefore defined obesity on the basis of a 
threshold BMI that exceeded the 95th percentile for age and 
sex. Elevated systolic or diastolic blood pressure was defined 
as a value that exceeded the 95th percentile for age and sex.

Abnormalities in the fasting levels of triglycerides and 
high-density lipoprotein (HDL) cholesterol were adjusted 
for age, sex, and race or ethnic group (>95th percentile for 
triglycerides; <5th percentile for HDL cholesterol). Impaired 
glucose tolerance (IGT) was defined as a glucose level greater 
than 140 mg/dl (7.8 mmol/l) but less than 200 mg/dl (11.1 
mmol/l) at two hours.

Children and adolescents in our study were classified as 
having the metabolic syndrome if they met three or more of 
the following criteria for age and sex: 
•	 WC≥90th percentile; 
•	 triglyceride level > 95th percentile, an HDL cholesterol 

level < 5th percentile;
•	 systolic or diastolic blood pressure > the 95th percentile;
•	 IGT or IR. The degree of IR was determined with the use 

of a homeostatic model assessment (HOMA-IR).

Statistical Analysis

The data were analysed using SPSS software, version 
21.0 (IBM). Results are presented as Mean ± SD. Difference 
between groups has been evaluated statistically by two-
tailed Student’s t test. P<0.05 was considered as significant. 
Correlation analysis was carried out by simple regression 
analysis using Pearson coefficient (r).
 

Results

From a study population of 115 children and adolescents, 
obesity was present in 90 (76.9%); the remainder being 
classified as overweight (23.1%). The prevalence of 
dyslipidaemia (51.3%), hypertension (22%) and impaired 
glucose tolerance or insulin resistance (70.1%) are shown in 
Table 1. There were 28 children (23.9%) with at least one 
feature of the metabolic syndrome, 39 (33.3%) with two 
features, 36 (30.8%) with three criteria and 10 (8.6%) with 
four criteria. Metabolic syndrome, defined by the presence of 
three or more criteria was therefore present in 46 (40%) of 
this cohort.

The most frequent combination of metabolic syndrome 
criteria was obesity and impaired glucose tolerance/ insulin 
resistance which were found in 22 (18.8%) subjects. The least 
common combination was dyslipidaemia and hypertension 
without other features of the metabolic syndrome (1 patient) 

or obesity and hypertension in the absence of other features 
(1 patient). The number of features of the metabolic syndrome 
correlated with BMI percentile (r=0.6125, p<0.001), with 
waist circumference (WC) (r=0.4669, p<0.001) with WC/ 
height (r=0.4669, p<0.001) and with HOMA-IR (r=0.4416, 
p<0.001).

MetS feature and Number of 
MetS features
MetS Feature n (%)

1 Obesity 90 (76.92%)
2 Dyslipidemia 60 (51.28%)
3 Hypertension 22 (18.80%)
4 IGT or IR 82 (70.09%)

Number of MetS features
5 None 4 (3.42%)
6 1 feature 28 (23.93%)
7 2 features 39 (33.33%)
8 3 features 36 (30.77%)
9 4 features 10 (8.55%)

Combination of MetS features
10 Obesity + IGT or IR 22 (18.80%)
11 Obesity + Dyslipidemia 11 (9.40%)
12 Obesity + Hypertension 1 (0.85%)
13 IGT or IR + Dyslipidemia 4 (3.42%)
14 Dyslipidemia + Hypertension 1 (0.85%)
15 Obesity + IGT or IR + Dyslipidemia 29 (24.79%)

Table 1: MetS features and their distribution by both 
definitions.

Discussion

The overall prevalence of MetS in our study cohort using 
the modified National Cholesterol Education Program’s Adult 
Treatment Panel or World Health Organization criteria was 
40%. We observed only minor and insignificant differences 
in prevalence comparing the two definitions. Similar high 
prevalences have been noted in other studies of obese 
children with values of 42.5% [20] and 45-48% [21] using 
WHO and modified ATP III criteria. By contrast, the reported 
prevalence of MetS from a large study of five European 
countries ranged from 16.4% to 35.7% [22]. Differences in 
defining MetS may partly explain the discrepancies. We used 
age and sex-adjusted centiles to define MetS which take into 
account physiological changes in growth and development 
and are more appropriate in pediatric populations. Other 
studies using IDF criteria have defined MetS based on two 
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cut-off values.

We observed a high prevalence of insulin resistance 
which correlated with the number of features of metabolic 
syndrome. Insulin resistance is thought to mediate the 
metabolic disturbances found in children with obesity 
and metabolic syndrome [23]. Adverse lipid profiles and 
hypertension appeared less frequently than that observed 
in adults with MetS perhaps because of the shorter duration 
of exposure to insulin resistance in children. The strongest 
correlation with features of MetS in our study was BMI centile. 
This is in agreement with several previous studies showing 
that the prevalence of MetS in children or adolescents rises 
with the degree of obesity. Among US adolescents, the 
prevalence of MetS was reported to be 32.1% in those with 
BMI at or above the 95th centile compared with only 0.1% 
for those with a BMI<85th centile [24].

The rise in obesity is related to the fact that children 
and adolescents are growing in an obesogenic environment, 
caused by an imbalance in energy resulting from changes in 
food types, availability, accessibility and commercialization, 
as well as a decline in physical activity due to more time 
spent in front of a screen and in sedentary leisure [25-
28]. Overweight and obesity are the main contributors to 
the burden of chronic diseases in the population [29,30]. 
The major causes of death in Georgia are related to non-
communicable diseases (NCDs) including circulatory 
diseases and diabetes. The concern about the high 
prevalence of obesity is related to the later development of 
comorbidities and complications generated by overweight. 
Fat accumulation is associated with the presence of arterial 
hypertension and metabolic alterations, such as the increase 
of triglycerides and glycaemia, and reduced HDL-cholesterol, 
comorbidities of high values in the present study.

Since the metabolic syndrome is asymptomatic at 
this stage of life, it can easily be overlooked even by health 
professionals. Therefore, emphasizing the importance of 
preventive and curative care in adolescents is crucial, as well 
as promoting healthy eating habits and practicing physical 
activity, which are among the main factors for the prevention 
of CVDs [31,32]. In this sense, family and school are 
considered focus areas for interventions aimed at promoting 
healthy lifestyle.

Limitations of this study are acknowledged. Data from 
the clinic may not be representative of the general Georgian 
population and larger studies from different parts of the 
country are needed. It would be interesting, for example, to 
compare adolescents with younger children in a larger study 
with sufficient statistical power. Similarly, a comparison 
between overweight and obese children or adolescents might 
reveal differences in parameters of the metabolic syndrome. 

We did not have sufficient numbers in each subgroup to 
make meaningful comparisons.

In conclusion, we have demonstrated a high prevalence 
of metabolic syndrome in overweight and obese children 
and adolescents attending our unit. These individuals are at 
increased risk of cardiovascular complications and diabetes. 
Lifestyle interventions encouraging physical activity 
and healthy diets are urgently needed if we are to avert 
complications in adult life.
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