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Abstract
Background: Overweight (Ow) and obesity among adults 
and children increases the risk of metabolic consequences. 
Metabolic syndrome (MS) and impaired glucose metabolism 
are well-known risk factors for cardiovascular diseases and 
type 2 diabetes. The aim of this study was to evaluate the 
prevalence of MS and impaired glucose metabolism among 
Ow and obese (Ob) children and adolescents (aged 10–17 
years) in Lithuania, and to evaluate the associations between 
insulin resistance (IR) indices and anthropometric parame-
ters as well as metabolic disturbances. Methods: The study 
population consisted of 344 OwOb children and adolescents 
of all pubertal stages. Oral glucose tolerance tests (OGTTs), 
IR and β cell function indices, lipid profile, and anthropomet-
ric parameters of all subjects were analyzed. MS was defined 
according to the International Diabetes Federation consen-
sus guidelines. Results: MS was found in 21.3% of the OwOb 
children and adolescents, and 12.1% had impaired glucose 

metabolism (6.9% with impaired fasting glucose, 4.5% with 
impaired glucose tolerance, and 0.6% with type 2 diabetes). 
IR was directly related to body mass index and waist circum-
ference, waist-to-height and waist-to-hip ratios, and sum of 
skin-fold thicknesses. Children with MS were more insulin-
resistant, had higher odds ratio for prediabetes and had a 
more disturbed lipid profile than subjects without MS. More-
over, total cholesterol and low-density lipoprotein choles-
terol levels were significantly lower in the more mature 
OwOb adolescents. Conclusion: MS and lipid profile distur-
bances are common in OwOb children and adolescents. MS 
is directly associated with IR. Therefore, OwOb children and 
adolescents should be carefully followed up for metabolic 
abnormalities during late childhood as these can persist into 
adulthood. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

The cluster of symptoms defined as metabolic syn-
drome (MS) is known as a risk factor for the development 
of type 2 diabetes (T2D) and cardiovascular diseases 
(CVD) in children and adults [1]. Some studies have 
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shown direct links between childhood overweight (Ow) 
and adult metabolic disturbances and cardiovascular 
risks [1]. Insulin resistance (IR) has also been reported as 
a key risk factor for CVD and T2D [2].

The prevalence of MS varies in different populations ac-
cording to age, gender, and ethnic origin, and also depends 
on the diagnostic criteria used [3]. According to Interna-
tional Diabetes Federation (IDF) criteria [4], the prevalence 
of MS in Ow adults ranges from 25 to 43.8% [5].

According to IDF diagnostic criteria, the prevalence of 
MS varies from 1.9% in Brazilian to 20.5% in Chinese Ow 
children and adolescents [6–11]. The prevalence of MS in 
obese (Ob) children is reported to be considerably higher, 
from 3.7% in Chinese to 44.0% in US children and ado-
lescents [6, 7, 9–25].

The prevalence of impaired glucose metabolism varies 
from 18.1% in the UK to 32% in Kuwait in Ow adults [5, 
26, 27], and from 7.0% in Spanish to 12.6% in German 
OwOb children and adolescents [5, 28, 29].

Luksiene et al. [30] found a prevalence of MS in Lithu-
anian men and women (35–64 years of age) of 29.7 and 
35.1%, respectively. A recently published study showed 
that the prevalence of Ow and obesity in children and 
adolescents (7–17 years of age) in Lithuania is 12.6 and 
4.1%, respectively [31]. To date, there are no data on met-
abolic disturbances in OwOb children and adolescents in 
Lithuania. 

The aim of this study was to determine the prevalence 
of MS and impaired glucose metabolism (impaired fast-
ing glucose [IFG], impaired glucose tolerance [IGT], and 
T2D) in OwOb Lithuanian children and adolescents aged 
10–17 years and to evaluate the associations with IR and 
metabolic disturbances.

Materials and Methods

Materials
The study population included 344 Ow (body mass index stan-

dard deviation score [BMI-SDS] 1.0–1.99 for gender and age), Ob 
(BMI-SDS 2.0–2.99 for gender and age), and morbidly Ob (BMI-
SDS ≥3.0 for gender and age) prepubertal and pubertal (stages 
1–5) children aged 10–17 years from the Kaunas region, Lithuania. 
Children and adolescents involved in the school survey and/or 
consulted for Ow/obesity at the Department of Endocrinology, 
Hospital of Lithuanian University of Health Sciences, were recruit-
ed for the study over a 3-year period (from January 2012 to April 
2014). 

The measurements were performed with standardized equip-
ment. Height was measured to the nearest 0.1 cm with a portable 
SECA stadiometer (Seca®214). Weight was measured to the near-
est 0.1 kg using portable SECA electronic scales (Seca®813). BMI 
was calculated by using the standard equation: BMI = weight (kg)/

height (m2). Waist circumference (WC), hip, middle thigh and 
middle arm on the left side, to the nearest 0.1 cm, were measured 
with nonelastic tape. 

Blood pressure was measured in a sitting position after the 
child had been relaxing for 5–10 min. Measurements were taken 
twice at intervals of 2–3 min with an automatic device with a spe-
cial pediatric cuff. The lowest value was used in the analysis. Eval-
uation of arterial hypertension was defined according to the Amer-
ican Academy of Pediatrics updated guidelines for children and 
adolescents [32].

Puberty staging for girls was determined by pubarche and 
breast stage according to Emmanuel and Bokor [33]. In boys, the 
pubertal stage was determined by pubarche and testicular volume 
(<4, 4–8, 9–12, 15–20, and >20 mL represented stages 1–5, respec-
tively), using a Prader orchidometer.

BMI and WC measurements were converted to Z scores accord-
ing to International Obesity Task Force references for BMI [34] and 
Polish references for WC in boys and girls aged 5–19 years [35]. 

Laboratory Measurements and Evaluation
All study participants underwent a clinical examination and an 

oral glucose tolerance test (OGTT). All blood samples for analysis 
were collected after a ≥8-h fast. A standard OGTT was performed 
with oral 1.75 g/kg glucose challenge (max. 75 g) following blood 
sampling for glycemia and insulin concentrations analysis at 0, 30, 
and 120 min after glucose load. A fasting lipid profile was assessed 
by a standard procedure in the biochemistry lab by enzyme-linked 
immunosorbent assay (ELISA; Instrumentation Laboratory, Lex-
ington, KY, USA); the intra-/interassay coefficient of variation 
(CV) for total cholesterol (TCh), low-density lipoprotein choles-
terol (LDL), high-density lipoprotein cholesterol (HDL), and tri-
glycerides was 1.8/1.8%, 1.2/2.6%, 3.2/2.0%, and 1.2/2.3%, respec-
tively. Serum insulin concentration was measured in a certified 
clinical lab by radioimmune assay (RIA; DIAsource, Belgium); the 
intra-/interassay CV was 1.8/6.3%. 

Impaired Glucose Metabolism
Impaired glucose metabolism included IFG, IGT, and T2D di-

agnosed according to International Society for Pediatric and Ado-
lescent Diabetes (ISPAD) criteria [36]: 
•	 IFG: fasting plasma glucose 5.6–6.9 mmol/L;
•	 IGT: 2-h postload glucose 7.8–11.1 mmol/L;
•	 T2D: OGTT: fasting plasma glucose ≥7.0 mmol/L and/or 2-h 

postload glucose ≥11.1 mmol/L; randomly fixed on 2 different 
occasions if asymptomatic or once if presenting symptoms of 
T2D: fasting plasma glucose ≥7.0 mmol/L and/or casual plas-
ma glucose ≥11.1 mmol/L. 

Metabolic Syndrome
MS was diagnosed according to the IDF consensus for children 

and adolescents [4].
Children Aged 10–16 Years. Obesity according to WC ≥90th 

percentile (or adult cut-off if lower) plus any 2 of the following:
	− Triglycerides: ≥1.7 mmol/L;
	− HDL: <1.03 mmol/L;
	− Blood pressure: ≥130 mm Hg systolic or ≥85 mm Hg diastolic;
	− Fasting plasma glucose: ≥5.6 mmol/L or known T2D.

Adolescents Aged >16 Years. Existing IDF criteria for adults 
were used, i.e., central obesity (BMI >30 or WC >94 cm in males 
and >80 cm in females) plus any 2 of the following:
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	− Increased triglycerides: ≥1.7 mmol/L, or specific treatment for 
this lipid abnormality;

	− Reduced HDL: <1.03 mmol/L in males and <1.29 mmol/L in 
females, or specific treatment for this lipid abnormality;

	− Increased blood pressure: systolic ≥130 mm Hg, or diastolic ≥85 
mm Hg, or treatment of previously diagnosed hypertension;

	− Raised fasting plasma glucose: ≥5.6 mmol/L or previously di-
agnosed T2D.

Insulin Resistance
IR was evaluated using the homeostasis model assessment of 

insulin resistance (HOMA-IR): fasting plasma glucose in mmol/L 
× fasting insulin in mIU/L/22.5 [37]; homeostasis model assess-
ment of β cell function (HOMA-B): 20 × fasting insulin in µU/mL/
fasting glucose in mmol/L-3; and quantitative insulin sensitivity 
index (QUICKI): 1/(loginsulin in µU/mL + logglucose in mg/dL) [38]. 
Insulin secretion was assessed using the insulinogenic index (IGI): 
δinsulin (0–30 min)/δglucose (0–30 min) [38]. Using the standard for-
mulae [39–41], insulin sensitivity (IS) indices (modified by Gutt et 
al. [41]) were calculated.

For further analysis, the study population was divided into 
groups according to weight status: Ow, Ob, and morbidly Ob. IR 
status was defined by HOMA-IR tertiles; individuals with HOMA-
IR <2.96 were attributed to the first tertile, HOMA-IR between 
2.96 and 4.46 to the second, and HOMA-IR >4.46 to the third.

The prevalence of lipid profile abnormalities in triglycerides 
and HDL was evaluated according to IDF guidelines for MS in 
children and adolescents [4]. TCh and LDL concentrations were 
evaluated according to the US National Heart, Lung and Blood 
Institute (NHLBI) criteria for dyslipidemias in adolescents [42].

Statistical Analyses
Statistical analyses were performed using SPSS software 20.0. 

ANOVA was used to compare means between groups with and 
without MS, adjusted for BMI-SDS, gender, and pubertal stage. 
One-way between-group ANOVA with the post hoc Turkey test 
was used for comparing HOMA-IR tertile groups. Statistical sig-

nificance was set at p < 0.05. Cutoff values for HOMA-IR were 
calculated by receiver-operating characteristics (ROC) analysis. 

To compare our results with those of other studies, we per-
formed a target search (scoping review) in PubMed, using the fol-
lowing key words: children, adolescents, overweight, obesity, and 
metabolic syndrome. The initial search highlighted 1,658 articles. 
In the literature review, we included articles similar to our study 
with regard to the age and weight status of subjects, diagnostic cri-
teria for MS according to IDF, glucose metabolism evaluation ac-
cording to ISPAD, and biochemical parameters. 

Results

The study population included children and adoles-
cents of all pubertal stages, 43.9% were males, mean age 
was 13.5 ± 2.0 years, and mean BMI and BMI-SDS 29.8 ± 
4.4 and 2.54 ± 0.5, respectively. The detailed characteris-
tics of the study population by gender and weight status 
are presented in Table 1. 

The time point of recruitment did not influence the 
study results: BMI-SDS (2.48 ± 0.5 vs. 2.55 ± 0.6 vs. 2.57 
± 0.5 in 2012 vs. 2013 vs. 2014 groups, p = 0.07 between 
2012 and 2013 groups; p = 0.87 between 2013 and 2014 
groups, respectively), WC-SDS (1.96 ± 0.5 vs. 1.82 ± 0.6 
vs. 1.81 ± 0.5 in 2012 vs. 2013 vs. 2014 groups, p = 0.32 
between 2012 and 2013 groups; p = 0.093 between 2013 
and 2014 groups, respectively) and HOMA-IR (4.05 ± 1.9 
vs. 4.22 ± 2.2 vs. 4.74 ± 1.7 in 2012 vs. 2013 vs. 2014 
groups, p = 0.26 between 2012 and 2013 groups; p = 0.32 
between 2013 and 2014 groups, respectively) did not dif-
fer by season and year of recruitment. 

Table 1. Comparison of characteristics of the study population between males and females by weight status

Overweight Obesea

males (16.9%) females (83.1%) p value males (49.3%) females (50.7%) p value

Subjects n = 11 n = 49 n = 97 (Ob); n = 43 (mOb) n = 128 (Ob); n = 16 (mOb)
Age, years 12.4±2.2 14.3±2.1 0.015 13.2±2.0 13.5±2.0 0.234
BMI-SDSb 1.86±0.1 1.71±0.2 0.031 2.81±0.4 2.61±0.4 <0.0001
WC-SDS*** 1.02±0.3 1.27±0.4 0.049 2.05±0.4 2.02±0.3 0.436
WC, cm 76.4±4.5 78.7±5.4 0.212 94.2±10.3 89.8±8.8 <0.0001
WHtR 0.48±0.03 0.48±0.03 0.896 0.57±0.05 0.55±0.04 0.0001
WHpR 0.84±0.06 0.79±0.05 0.013 0.91±0.17 0.82±0.05 <0.0001
SSFT, mm 71.5±14.3 81.4±15.9 0.076 104.4±21.9 106.4±22.6 0.469

Ob, obese; mOb, morbidly obese; BMI-SDS, body mass index standard deviation score; WC-SDS, waist circumference standard de-
viation score; WHtR, waist-to-height ratio; WHpR, waist-to-hip ratio; SSFT, sum of skin-fold thicknesses.

a Included Ob and mOb participants.
b Evaluated according to IOTF standards [34].
c Evaluated according to the Polish reference for WC [35].
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Fig. 1. Prevalence of metabolic syndrome 
for males and females by weight status. 
Values are in percentages. *  p < 0.05 in 
comparison with overweight females. 
Overweight: BMI-SDS 1.0–1.99; obesity: 
BMI-SDS 2.0–2.99; morbid obesity: BMI-
SDS ≥3.0. BMI-SDS, body mass index 
standard deviation score evaluated accord-
ing to IOTF standards [34].

With MS Without MS p value

BMI-SDSa 2.68±0.5 2.51±0.6 <0.0001
WC-SDSb 2.08±0.5 1.86±0.5 <0.0001
WC, cm 95.0±10.8 88.4±10.0 <0.0001
WHtR 0.56±0.06 0.54±0.05 <0.0001
WHpR 0.86±0.07 0.85±0.14 <0.0001
SSFT, mm 108.2±19.1 99.8±24.3 <0.0001
Glycemia

At 0 min, mmol/L 5.24±0.7 5.04±0.4 0.019
At 30 min, mmol/L 7.79±1.5 7.73±1.4 0.201
At 120 min, mmol/L 5.73±1.2 5.67±1.2 0.017

Insulin
At 0 min, mIU/L 22.9±11.2 16.6±8.1 <0.0001
At 30 min, mIU/L 148.2±85.2 117.8±72.0 0.002
At 120 min, mIU/L 84.8±72.1 67.6±56.5 0.026

HOMA-IR 5.31±2.9 3.78±1.9 <0.0001
QUICKI 0.132±0.008 0.139±0.011 <0.0001
HOMA-B 82.8±40.8 63.4±31.2 <0.0001
I/G_30 18.8±9.6 15.3±8.9 <0.0001
ISI 49.1±22.3 69.4±39.9 <0.0001

ISIMatsuda 2.71±1.2 3.85±2.2 <0.0001
ISICederholm 33.0±10.4 34.9±11.5 0.012
ISIGutt 32.2±9.4 35.3±10.6 0.009

TCh, mmol/L 4.64±1.0 4.48±0.8 <0.0001
LDL, mmol/L 2.95±0.8 2.77±0.8 0.001
TG/HDL ratio 1.85±1.2 0.85±0.7 <0.0001
LDL/HDL ratio 3.05±1.0 2.52±1.7 0.020

Values are mean ± SD. MS, metabolic syndrome; BMI-SDS, body mass index standard 
deviation score; WC-SDS, waist circumference standard deviation score; WHtR, waist-to-
height ratio; WHpR, waist-to-hip ratio; SSFT, sum of skin-fold thicknesses; HOMA-IR, 
homeostasis model assessment of insulin resistance; QUICKI, quantitative insulin sensi-
tivity index; HOMA-B, homeostasis model assessment of β cell function; ISI, insulin sen-
sitivity index; I/G_30, insulin/glucose at 30 min of OGTT;OGTT, oral glucose tolerance 
test; ISIMatsuda, Matsuda whole-body ISI; ISICederholm, Cederholm peripheral ISI; ISIGutt, 
Gutt ISI; TCh, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-
density lipoprotein cholesterol; TG, triglycerides.

a Evaluated according to IOTF standards [34].
b Evaluated according to the Polish reference for WC [35].

Table 2. Comparison of characteristics 
between overweight / obese children with 
MS and without MS (adjusted for gender, 
BMI-SDS, and pubertal stage)
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Metabolic Syndrome
We found a prevalence of MS of 21.3% in OwOb chil-

dren and adolescents. BMI had a direct impact on the 
prevalence of MS (10.7, 22.8, and 25.9% in Ow, Ob, and 
morbidly Ob children and adolescents, respectively; p = 
0.046 between Ow and Ob). MS prevalence in OwOb boys 
was 25.0% compared with 18.4% in girls (p > 0.5).

The distribution of MS between genders in relation to 
weight status is presented in Figure 1. MS prevalence was 
significantly higher in Ob girls than in Ow girls (p = 
0.048), but did not increase further in morbidly Ob girls. 
In males, the occurrence of MS was not related to weight 
status (Fig. 1). Adjusted for age, the odds ratio (OR) for 

MS in Ob versus Ow females was 3.95 (95% CI 1.25–
12.49, p = 0.02), but morbid obesity did not further in-
crease the risk of MS (OR 2.59, 95% CI 0.50–13.41, p = 
0.26). OR for MS in males was not significant. 

MS was significantly more prevalent in children and 
adolescents with HOMA-IR in the third tertile than in 
those in the first tertile (32.4 and 7.5%, p < 0.0001, respec-
tively). Adjusted for age, pubertal stage, and BMI-SDS, 
the fasting glucose and insulin levels, HOMA-IR, HOMA-
B, TCh, and LDL were significantly higher in children 
with MS than in their counterparts without MS (Table 2). 

Adjusted for BMI, pubertal stage, and height, systolic 
blood pressure was significantly higher in boys than in 
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Fig. 2. Prevalence of impaired glucose me-
tabolism in overweight / obese males and 
females with different HOMA-IR tertiles. 
* p < 0.001. HOMA-IR, homeostasis model 
assessment of insulin resistance. 1st 
HOMA-IR tertile: <2.96; 2nd HOMA-IR 
tertile: 2.96–4.46; 3rd HOMA-IR tertile: 
>4.46. 
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Fig.  3. HOMA-IR correlation with BMI-
SDS in overweight / obese children and ad-
olescents (mean, 95% confidence interval 
[CI]); r = 0.30, p < 0.0001.
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girls (121.6 ± 15.3 and 118.7 ± 14.6 mm Hg, respectively; 
p < 0.0001), but diastolic blood pressure was significantly 
higher in girls than in boys (74.0 ± 9.2 and 73.2 ± 8.6 mm 
Hg, respectively; p = 0.003). MS comorbidity analysis 
showed that 74.3% of individuals with MS had arterial 
hypertension, 45.7% had increased triglycerides, 25.7% 
had increased LDL, and 65.7% had decreased HDL. MS 
in OwOb children and adolescents significantly increased 
the risk for arterial hypertension (OR 5.64, 95% CI 3.11–
10.25, p < 0.0001). Increased systolic or diastolic blood 

pressure was found in 60.0 and 41.4% of OwOb subjects 
with MS, respectively.

IR and Glucose Metabolism
Analyses of IR revealed that children and adolescents 

in the third HOMA-IR tertile had a significantly higher 
prevalence of impaired glucose metabolism than those in 
the first and second HOMA-IR tertiles (Fig. 2).

HOMA-IR was significantly directly related to BMI-
SDS (Fig. 3), WC-SDS (r = 0.36, p < 0.001), sum of skin-
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Fig. 4. HOMA-IR values according to glu-
cose metabolism type in overweight / obese 
children and adolescents (mean, CI). * p < 
0.05.

1st tertile 3rd tertile p value

BMI-SDSa 2.33±0.6 2.75±0.6 <0.0001
WC-SDSb 1.68±0.5 2.11±0.4 <0.0001
WHpR 0.85±0.07 0.88±0.2 <0.0001
WHtR 0.53±0.05 0.56±0.05 <0.0001
SSFT, mm 91.2±21.3 112.7±22.8 <0.0001
Glycemia

At 0 min, mmol/L 4.92±0.3 5.28±0.5 <0.0001
At 30 min, mmol/L 7.72±1.5 7.94±1.4 0.252
At 120 min, mmol/L 5.51±1.4 5.91±1.1 <0.0001

Insulin
At 0 min, mIU/L 10.1±2.6 27.7±8.7 <0.0001
At 30 min, mIU/L 84.2±46.5 165.3±89.0 <0.0001
At 120 min, mIU/L 45.9±36.3 105.0±80.0 <0.0001

TCh, mmol/L 4.52±0.8 4.57±0.9 0.001
TG, mmol/L 0.88±0.6 1.29±0.7 <0.0001
LDL, mmol/L 2.77±0.8 2.88±0.8 0.002
HDL, mmol/L 1.21±0.3 1.14±0.3 0.012
Systolic BP, mm Hgc 116.8±13.4 120.8±16.4 <0.0001
Diastolic BP, mm Hgc 72.3±8.7 75.5±9.5 0.002

Values are mean ± SD. BMI-SDS, body mass index standard deviation score; WC-SDS, 
waist circumference standard deviation score; WHtR, waist-to-height ratio; WHpR, waist-
to-hip ratio; SSFT, sum of skinfold thicknesses; TCh, total cholesterol; TG, triglycerides; 
LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; BP, 
blood pressure.

a Evaluated according to IOTF standards [34].
b Evaluated according to the Polish reference for WC [35].
c Adjusted by height.

Table 3. Comparison of parameters be-
tween the overweight / obese children and 
adolescents from the first and third 
HOMA-IR tertiles
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fold thicknesses (r = 0.34, p < 0.001), and triglyceride lev-
els (r = 0.21, p < 0.001). 

Impaired glucose metabolism was detected in 12.1% of 
OwOb children and adolescents; 6.9% had IFG, 4.5% had 
IGT, and 0.6% were diagnosed as having T2D. IGT was 
more frequent in boys than in girls (7.1 vs. 2.7%, p < 0.05) 
but girls had a higher prevalence of IFG (8.2 vs. 5.0%, p < 
0.05). 

According to different glucose metabolism abnormal-
ities, adjusting for age, gender, and pubertal stages, mean 
HOMA-IR was highest in children and adolescents with 
IFG and lowest in those with T2D (vs. subjects with nor-
mal glucose metabolism and IGT; p < 0.05 between all 
groups; Fig. 4). 

There was a significant direct correlation between in-
sulin levels at all 3 time points of OGTT and sum of skin-
fold thicknesses (r = 0.28, p < 0.001; r = 0.24, p < 0.001; 
and r = 0.16, p = 0.016, respectively).

Comparison of anthropometric parameters by the 
groups of HOMA-IR tertiles are presented in Table 3. Ad-
justing for BMI, pubertal stage, gender, and height, both 
systolic and diastolic blood pressure were significantly 
higher in children and adolescents with HOMA-IR in the 
third tertile than in those in the first tertile (Table 3). 

Comparing anthropometric measurements (BMI, 
BMI-SDS, WC, WC-SDS, sum of skin-fold thicknesses, 
systolic and diastolic blood pressure) and lipid profiles of 
the group with normal glucose metabolism and the group 
with impaired glucose metabolism did not reveal any sig-
nificant differences.

Interestingly, BMI-SDS-adjusted glucose profile was 
similar in different pubertal stages in girls. Boys in puber-
tal stage 4 showed significantly higher fasting glucose 
than those in stages 1 and 2 (5.27 ± 0.5, 5.04 ± 0.3, and 
4.99 ± 0.3, respectively; p = 0.034 between pubertal stages 
1 and 4 and p = 0.021 between pubertal stages 2 and 4). 

The highest blood glucose at 2 h after glucose load was in 
the prepubertal boys, compared to in boys in pubertal 
stages 4 and 5 (6.09 ± 1.4, 5.73 ± 1.4, and 5.39 ± 1.15, re-
spectively; p = 0.0011 between pubertal stages 1 and 4 and 
p = 0.013 between pubertal stages 1 and 5).

Comparing the IR by HOMA-IR between pubertal stag-
es showed that IR in males was the highest in pubertal stage 
4. Meanwhile, in females, IR decreased significantly during 
puberty progression from stage 3 to stages 4 and 5 (Fig. 5).

The OR for prediabetes (IFG and IGT) and impaired 
glucose metabolism in association with MS was 5.76 (95% 
CI 2.86–11.60, p < 0.0001) and 3.44 (95% CI 1.71–6.93,  
p < 0.0001), respectively. ROC analysis showed that HOMA-
IR in association with MS for both genders had an area un-
der the curve (AUC) of 0.675 (95% CI 0.62–0.76, p = 0.0001); 
HOMA-IR 3.12 had 82.4% sensitivity and 48.1% specificity. 
The OR for IR (HOMA-IR >3.16) in the presence of MS was 
3.7 (95% CI 1.88–7.23, p = 0.0001).

Lipid Profile
Decreased HDL and increased triglyceride, TCh, and 

LDL levels were found in 37.8, 13.4, 20.6, and 18.6% of the 
OwOb children and adolescents, respectively. Lipid pro-
file analyses showed a significant decrease in TCh and 
LDL levels along with puberty progression in both gen-
ders (Fig. 6). TCh was highest during pubertal stages 1 
and 2, and HDL was highest in prepubertal boys (Fig. 6a). 
Meanwhile, in girls, TCh, LDL, and triglycerides were sig-
nificantly higher before puberty and decreased with ad-
vancing pubertal stages (Fig. 6b). 

TCh and low LDL levels as well as triglycerides/HDL 
and LDL/HDL ratios were significantly higher in children 
with MS than in those without MS (Table 2). TCh, LDL, 
and triglyceride levels were significantly higher and HDL 
significantly lower in those in the third HOMA-IR tertile 
than in those in the first tertile (Table 3).
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The OR for hypertriglyceridemia in association with 
MS was 16.77 (95% CI 8.56–32.85, p < 0.0001), and with 
decreased HDL 6.95 (95% CI 3.91–12.35, p < 0.0001), re-
spectively. 

Discussion

One-fifth of the OwOb children and adolescents in our 
study met the criteria for the presence of MS, which is as-
sociated with reduced insulin sensitivity, dyslipidemia, 
and a higher prevalence of impaired glucose metabolism. 
This is the first large-scale study in Lithuania to report on 
metabolic status in OwOb children and adolescents. To 
the best of our knowledge, it is also the first study analyz-
ing glucose metabolism and lipid profile according to sex 
and pubertal stage.

MS Prevalence in OwOb Children and Adolescents
Dramatically increasing over the last 2 decades, the 

prevalence of obesity has now flattened out in developed 
countries [43]. The prevalence of Ow and obesity among 
children and adolescents in Lithuania is one of the lowest 
in Europe [44]. Data on the prevalence of MS depend on 
the criteria used and vary across countries. In general, in 
our study, the prevalence of MS in a pediatric OwOb pop-
ulation was similar to that reported by previous publica-
tions [8, 12–14, 24, 25, 45–48]. However, Druet et al. [8] 
documented a lower prevalence of MS (15.9%) in Ob 
French children aged 9–13 years with a higher prevalence 
of obesity in France than Lithuania at the time [44]. 

A recent study by Jung et al. [49] reported that BMI has 
the best predictive power to identify MS and its compo-
nents in adolescents. In our study, the OwOb boys had a 
higher prevalence of MS than the girls, in agreement with 
the data in Laurson et al. [50]. This might partly be ex-
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plained by gender differences in the definition of MS be-
tween boys and girls for HDL cutoff values. Ervin [51] 
highlighted a higher prevalence of greater WC and low 
HDL in females, with a weaker association between BMI 
status and MS than in males, suggesting the importance 
of obesity but also other underlying genetic and environ-
mental factors in the development of MS. Girls experi-
ence a greater increase in fat mass throughout childhood 
and puberty than boys, and this is even more pronounced 
in heavier (than in leaner) girls [52, 53]; this might, in 
part, explain the higher risk for developing MS in Ob fe-
males than in Ow females. Interestingly, in our study, 
morbid obesity (vs. Ow) in females does not increase the 
risk for MS. It has been suggested that adipose tissue has 
a limited maximal capacity to increase in mass and to 
store lipids. Adipocyte hyperplasia may present a mecha-
nism for healthy fat storage capacity [54]. This adipose 
tissue expandability appears to be a more important de-
terminant of obesity-associated metabolic problems than 
the absolute amount of adipose tissue. It is hypothesized 
that when a point of maximal expansion of adipose tissue 
is reached, metabolic complications occur due to the ec-
topic deposition of excess lipid in nonadipose organs, 
causing IR via lipid-induced toxicity [55]. Moreover, ad-
ipose tissue macrophage infiltration correlates directly 
with adipocyte size but not with a subject’s weight [56]. 
The resulting changes appear to induce profound conse-
quences for basal systemic inflammation and IS, which 
are the basal mechanisms underlying MS [57]. 

MS and IR
The IDF definition of MS does not include IR. How-

ever, some studies have highlighted the importance of IR 
as an independent risk factor that may contribute to the 
development of CVD [58]. However, data on IR and MS 
in several previous studies are conflicting [58, 59]. The 
most recent National Health and Nutrition Examination 
Survey (NHANES, 1999–2010) showed a low sensitivity 
of MS to identify adolescents with IGT [60]. On the other 
hand, according to the Adult Treatment Panel III (ATP-
III) classification, individuals with IGT have significantly 
higher rates of MS [60]. Juárez-López et al. [2] reported 
that IR is associated with a higher prevalence of the com-
ponents of MS.

We found a significantly higher insulin concentration, 
higher IR indices, and lower IS indices in children and ad-
olescents with MS than in those without MS, not only at 
baseline but also at all time points of OGTT. Although 
within the normal range, the mean level of glucose at base-
line and the glucose load after 2 h were also significantly 

higher in subjects with MS; only glycemia at 30 min of 
OGTT during the first insulin secretion phase did not 
reach significance. These findings may partially be influ-
enced by puberty being a challenging period for glucose 
metabolism and IR. Pubertal IR is associated with lower 
insulin receptor sensibility or other cofactors, such as dys-
lipidemia, and upregulates compensatory insulin secretion 
to be able to keep the glucose concentration at the same 
peak level at 30 min of OGTT. Moreover, in the presence 
of Ow or obesity, pubertal IR may contribute to the even-
tual development of MS. Similar findings were reported in 
a Finnish pediatric study where fasting insulin levels were 
found to be higher in the children who later developed MS 
[61]. Similarly, in Druet et al. [8], it was found that the like-
lihood of MS increased strongly along with IR. 

In our study, children with MS were not only more in-
sulin-resistant, they also had a 3-fold higher prevalence of 
impaired glucose metabolism than those without MS. Al-
though this association is partly a consequence of the defi-
nition of MS itself, as MS involves IFG and T2D, at the same 
time, it points to a significant link between MS and IR.

IR and Puberty
Individuals in the third HOMA-IR tertile were found 

to have significantly higher insulin levels at all time points 
of OGTT, and the glucose concentration was significant-
ly higher at the baseline and 2 h after glucose load. This 
may reflect a compensatory secretion of insulin due to 
increasing IR to maintain normal glycemia at 30 min of 
OGTT. Assuming that the compensatory scope is insuf-
ficient, this may explain the higher frequency of impaired 
glucose metabolism in the higher HOMA-IR tertiles. We 
also found a different glucose profile in girls and in boys 
at different pubertal stages, which may be related to the 
differences in IS caused by the different levels of gender-
related sex hormones [62].

It is worth noting that the prevalence of IGT was higher 
in female children and adolescents, but the prevalence of 
IFG was higher in males. George et al. [63] also reported a 
higher prevalence of IGT in Ob females than in Ob males 
[63]. This strengthens the previous finding that girls are 
more insulin-resistant than boys in all pubertal stages [64].

IR and Obesity Levels
Kurtoğlu et al. [65] did not find any significant differ-

ence in BMI between the groups with and without IR. In 
contrast, our study results showed a direct relationship 
between weight status and IR, with BMI-SDS, WC-SDS, 
and sum of skin-fold thicknesses scores significantly high-
er in the children in the third HOMA-IR tertile, i.e., show-
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ing a considerable influence of fat accumulation on the 
development of IR. Moreover, Pastucha et al. [12] in their 
study found a relatively high incidence of IR in Ob chil-
dren, and raised the question of whether the existing di-
agnostic criteria do not falsely exclude some cases of MS.

MS, Puberty, and the Lipid Profile
OwOb children are prone to have dyslipidemia and 

MS [66]. Compared to the study by Mellerio et al. [67] 
that involved adolescents with normal weight in whom 
triglycerides levels increased with age and other lipid 
fractions showed modest changes during puberty, in our 
study, TCh in both genders and LDL in girls only was sig-
nificantly higher in prepubertal children and decreased 
with the progression of puberty. These results are similar 
to the study of Pinhas-Hamiel et al. [68], who found low-
er TCh and LDL levels in Ob adolescents at later stages of 
puberty, possibly related to the increased secretion of sex 
steroids and pubertal spurt. 

However, TCh and LDL levels were significantly high-
er in children with MS than in those without MS. More-
over, increased triglyceride and decreased HDL levels 
were associated with MS. The significantly higher LDL/
HDL ratio in children with MS than in non-MS individu-
als is similar to the findings of Burns et al. [69], suggesting 
that this ratio might be a good predictive marker for MS 
and IR in young people. It could also play a role in the 
early detection of risk factors for CVD as LDL-cholester-
ol is known to have a strong association with coronary 
artery calcification in adults [70].

Similar to the data published by Vukovic et al. [71], 
lipid levels were found to be significantly higher in the 
most insulin-resistant children and adolescents. 

This study has some limitations. It was a cross-section-
al study that included Ow and Ob children and adoles-
cents, but no comparison with normal-weight children 
was made. Longitudinal follow-up is necessary to estab-
lish the cutoffs for risk factors, such as IR, during different 
stages of puberty, to correct the diagnostic criteria for MS 
in children and adolescents, i.e., IFG and T2D, but also 
IR, and to evaluate the associations between risk factors 
and metabolic consequences. 

Conclusions

In summary, our findings support a strong association 
between MS and IR. We found MS in one-fifth of the 
OwOb children and adolescents, i.e., those who were more 
Ob and less sensitive to insulin. Impaired glucose metabo-

lism was found in 12.1% of OwOb children and adoles-
cents, with IGT more frequently in boys and IFG in girls. 
Children with IFG were the most insulin-resistant. 

Every sixth OwOb child or adolescent (aged 10–17 
years) had lipid metabolism abnormalities. Our results 
confirm that Ow/obesity-related early metabolic distur-
bances and risk factors for CVD and T2D were found in 
children and adolescents, and these may be predictive of 
metabolic status in adulthood. Therefore, OwOb children 
should be followed up for early metabolic derangements 
from childhood onwards. 
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