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ABSTRACT

Background: Obesity is the most common chronic metabolic disease in children and adolescents. It has 
reached epidemic ranges and is a significant global problem. 
Objective: This study aimed to investigate the possible metabolic disturbances in children and adolescents 
with obesity and severe obesity. 
Subjects and methods: This cross-sectional study included 158 (82 boys, 76 girls) obese children and 
adolescents between ages of 0 and 17years (10.43 ± 3.11 years). The obesity was defined according to the 
sex- and age- specific growth charts proposed by the Centers for Disease Control and Prevention as BMI 
≥ 95th percentile. Severe obesity was classified as 120% of the 95th percentile for age and sex. Study 
participants underwent medical assessment and analysis of: ALT, AST, fasting serum triglycerides, total 
serum cholesterol, fasting plasma glucose and plasma glucose from oral glucose tolerance test. 
Results: The majority of study participants were severely obese (69.92%). The highest distribution of ab-
normal biochemical results was seen in elevated ALT (53.91%) followed by elevated triglycerides (34.75%). 
The prevalence of abnormal total cholesterol level was significantly higher (p=0.04) in the group of obese 
children compared to the severely obese children. The levels of total cholesterol were also statistically 
higher in the group of adolescents compared to preadolescents (p=0.02). An important number of obese 
patients (2.5%) and even higher number of severely obese patients (5.26%) had carbohydrate intolerance. 
Conclusion: There was a significant elevation of ALT, total serum cholesterol and triglycerides in all 
study participants. High serum lipids and high hepatic enzymes (as introduction in non-alcoholic fatty 
liver disease) are alarming. Strikingly, there was carbohydrate intolerance in an important number of pa-
tients. Treatment and education of patients and parents is mandatory. Preventive measures in the society 
concerning childhood obesity are necessary.
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PARAMETERS OF METABOLIC SYNDROME  
IN OBESE CHILDREN AND ADOLESCENTS

Obesity is defined as an excess of adipose 
tissue accumulation to the level that could im-
pair health. [1] Over the last few decades, obe-
sity has been considered to be epidemic and 
reached pandemic proportions. The worldwide 

number of obese children and adolescents since 
1980 has risen from 921 million up to the lev-
el of 2.1 billion, [2] while in 2016, 41 million 
children younger than 5 years were considered 
overweight or obese. [1] Some studies indicate 
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that there is some evidence for stabilization and 
plateauing of pediatric obesity, but still confirms 
that its prevalence remains high. [3, 4, 5] Despite 
the plateauing in childhood and adolescent obe-
sity, the prevalence of severe obesity in this age 
group has also been shown to be increased. [6] 
Severe obesity affects between 4-6% of children 
in the United States of America and shows an 
increasing trend. [7] 

Obesity in childhood and adolescence is as-
sociated with many metabolic and adverse long-
term complications that reflect in adulthood.  
There is growing body of evidence suggesting 
that the degree of obesity also affects metabolic 
health of children and adolescents. Children and 
adolescents who were obese from childhood to 
adulthood were associated with increased risk 
of many metabolic abnormalities and type 2 dia-
betes mellitus, suggesting that obese individuals 
show unfavorable metabolic profile that is asso-
ciated with high cardiovascular risk. [8] More-
over, children with high BMI have an increased 
risk for obesity later in adulthood. [9] 

The degree of obesity also negatively im-
pacts the metabolic profile of obese children. [10, 
11, 12] Further classifying pediatric obesity could 
be used as an effective tool for predicting comor-
bidities. [13] Children having severe obesity ex-
hibit significantly more unfavorable cardio meta-
bolic profile than children with obesity. [14] How-
ever, there is one study that came to unexpected 
results where that degree of obesity had no impact 
on the metabolic profile of severely obese adults. 
Even more, in this study, very severely obese 
adults had more favorable metabolic parameters 
than the severely obese group. [15]  

This study aimed to investigate the meta-
bolic laboratory parameters in children and ado-
lescents with obesity and severe obesity. 

 
METHODS

This cross-sectional study obtained data of 
various metabolic parameters from obese and se-
verely obese children and included retrospective 
and prospective analysis of medical records of 
obese children and adolescents admitted at our 
hospital for regular obesity evaluation since the 
electronic database was available at the University 
Clinic of Child Diseases – Skopje. Patients’ his-

tories from November 2009 until July 2017 were 
evaluated.  The study was conducted according to 
the Declaration of Helsinki and was approved by 
the Ethical Committee of the Faculty of Medicine 
of the University “Ss. Cyril and Methodius” – 
Skopje, Macedonia. 

Study sample
The study comprised of 158 obese children 

and adolescents (Table 1).

Inclusion and Exclusion criteria
Inclusion criteria for participant enrollment 

was obesity, as defined from the sex- and age- 
specific growth charts provided by the Centers of 
Disease Control and Prevention (CDC) – Body 
Mass Index ≥ 95th percentile. [16] Exclusion 
criteria were as follows: diabetes, congenital hy-
perlipidemia, long-term corticosteroid treatment, 
Cushing’s disease and Cushing’s syndrome. 

Obesity classification
Children aged <2 years were considered 

obese if the weight for recumbent length was 
97.7th percentile according to the World Health 
Organization (WHO) growth standards. [17] Obe-
sity in children >2 years was classified according 
to the age- and sex- growth charts proposed by 
the Centers of Disease Control and Prevention, as 
BMI ≥ 95th percentile for sex and age, [16] while 
severe obesity was defined as 120% of the 95th 
percentile for age and sex. [7] 

Age groups
Patients were further divided in two sub-

groups: preadolescents, aged 4–11 years and ad-
olescents, aged 12–18 years. [18]

Clinical examinations
All clinical examinations were performed 

by experienced pediatricians together with well-
trained medical personal. Participants’ body weight 
(to the nearest 0.1 kg) and height (to the nearest 
0.1 cm) were measured barefoot with light clothing 
according to the standard procedures. In children 
aged < 2 years, the recumbent length was measured 
to the nearest cm. Body Mass Index was calculat-
ed according to the standard formula as weight 
(kilograms) divided by height (meters) squared. 
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OGTT test
The oral glucose tolerance test was per-

formed according to the recommendations of the 
WHO. The glucose load was 1.75 g of glucose per 
kg body weight up to a total of 75 g of glucose. 
Blood samples were obtained at 0 and 120 minutes 
for the measurement of glucose. [19]

Laboratory analysis
Venous blood samples were collected fol-

lowing standard procedures from the antecubi-
tal vein after overnight fasting of 10-12 hours. 
The samples were analyzed for concentrations 
of: plasma glucose, total serum cholesterol, se-
rum triglycerides, serum alanine amino trasnfer-
ase (ALT) and serum aspartate aminotransferase 
(AST). Two hours after the performance of OGTT, 
blood samples were obtained and plasma glucose 
concentration was determined. All blood samples 
were analyzed in clinical chemistry analyzer AR-
CHITECT c4000 (Abbott Diagnostics). 

Definitions of abnormal values
For defining abnormal laboratory parame-

ters we followed the following criteria: for ALT 
according to Schwimmer et al. (2010), >25 U/L 
(boys) and >22 U/L (girls); [20] AST, according 
to the American Academy of Pediatrics, >80 U/L 
(boys and girls up to 24 months), >40 U/L (boys 
older than 24 months) and >35 (girls older than 24 
months); [21] for total cholesterol and triglycerides 
according to the Expert Panel Summary Report: 
total cholesterol (mg/dL), <170 (acceptable), 170-
199 (borderline high), ≥200 (high); triglycerides 
– 0-9 years (mg/dL) <75 (acceptable), 75-99 (bor-
derline high), ≥100 (high), and 10-19 years (mg/
dL) <90 (acceptable), 90-129 (borderline high), 
>130 (high). [22] Fasting plasma glucose accord-
ing to the American Diabetes Association, ≥5.6 
but <7 mmol/L (prediabetes), ≥7 mmol/L (diabe-
tes). At two hours post oral glucose tolerance test: 
≥7.8 but <11.1 mmol/L (prediabetes) and ≥11.1 
mmol/L (diabetes). [23] Definitions of abnormal 
levels are presented in Table 1. 

Statistical analysis
Descriptive statistics are presented as fre-

quencies and percentages for categorical data and 
mean ± standard deviation for continuous data. 
Before data analysis Smirnov-Kolmogorov and 
Shapiro-Wilk normality tests were performed in 
order to examine the data distribution of the sam-

ple size. For normally distributed data, compari-
son of the mean values was done using T test while 
the correlation was investigated using the Pearson 
correlation. Mann-Whitney U-test and Spearman 
rank correlation was used for data not normally 
distributed. The differences of distribution of ab-
normal metabolic parameters among study groups 
were examined using the Pearson Chi square test. 
Analysis was completed by using the statistical 
software package STATISTICA version 8.0. P val-
ues <0.05 were considered statistically significant.

RESULTS

Table 1 presents the adequate cohort size 
and the definition of abnormal levels for each lab-
oratory parameter.

Table 1. Definition of abnormal levels of labora-
tory parameters and respective sample size for each study 
variable

Variable No. of 
Partic-
ipants 
Evalu-

ated

Mean ± SD
(range)

Age 
(mean 
± SD)

Definition of 
abnormal value

АLT 
(U/L)

115 29.66 ± 17.55
(9-93)

10.42 ± 
3.11

>25 U/L (boys)
>22 U/L (girls)

AST 
(U/L)

115 24.45 ± 11.23
(7-93)

10.42 ± 
3.11

>80 U/L †

>40 U/L (boys) ††

>35 U/L (girls) ††

TC 
(mmol/L)

141 4.17 ± 0.77
(2.35-7.50)

10.43 ± 
3.08

≥5.18#

TG 
(mmol/L)

141 1.26 ± 0.68
(0.40-5.83)

10.43 ± 
3.08

0-9 years >1.13#

10-19 years 
>1.469#

FPG 
(mmol/L)

141 4.18 ± 0.55
(2.30-6.51)

10.43 ± 
3.15

≥5.6 mmol/L

2-h G 
(mmol/L)

134 5.65 ± 1.39
(2.80-12.80)

10.51 ± 
3.17

≥7.8 mmol/L

ALT, alanine aminotransferase; AST, aspartate ami-
notrrasferase; TC, total cholesterol; TG, triglycerides;  FPG, 
fasting plasma glucose; 2-h G, plasma glucose two hours 
post the glucose load during the oral glucose tolerance test; 
† boys and girls up to 24 months; †† older than 24 months; # in 
order to convert mg/dL to mmol/L values of total cholester-
ol and triglycerides were multiplied by 0.0259 and 0.0113, 
respectively.

Table 2 presents the descriptive statistics of 
patients admitted at the University Hospital for 
Child Diseases – Skopje, Macedonia. The final 
study sample consisted of 158 obese children and 
adolescents with mean age 10.43±3.11. As shown 
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in Table 2, the majority of study participants were 
considered severely obese (69.92%). Higher per-
centage of boys was severely obese, although the 
difference between boys and girls was not sig-
nificant (70.73% boys, 68.42% girls). The group 
of preadolescents and adolescents consisted of 
different sample size (154 participants). The pro-
portion of preadolescents (prepubertal) was also 
higher in boys, but there was not a statistically 
significant difference. The BMI was significantly 
higher in girls than in boys (p=0.02). 

Table 3 shows biochemical laboratory 
measurements among children and adolescents 
participating in the study. The levels of ALT, 

AST and plasma glucose two hours after the 
oral glucose tolerance test were higher in the 
severely obese group, while the levels of total 
cholesterol, triglycerides and fasting plasma 
glucose were higher in the obese study group. 
These differences were only significant for the 
total cholesterol. The levels of ALT and AST 
were also significantly higher in girls compared 
to boys. Other laboratory parameters showed 
no statistically significant differences. The level 
of total cholesterol was shown to be significant-
ly higher in the age group ≥12 years compared 
to the group aged 4-11 years.

Characteristics All (n=158) Boys (n=82) Girls (n=76) p-value
n (%) or mean ±  (SD) n (%) or mean ± (SD) n (%) or mean ± (SD)

Obesity class* 0.751

Obese 48 (30.38) 24 (29.27) 24 (31.58)
Severely Obese 110 (69.92) 58 (70.73) 52 (68.42)

Preadolescents 
vs. adolescents 
(n=154)*

0.112

Preadolescents 84 (54.55) 48 (60.76) 36 (48.00)
Adolescents 70 (45.45) 31 (39.24) 39 (52.00)

Age (years)† 10.43 ± 3.11 10.30 ± 3.07 10.57 ± 3.18 0.53
Weight (kg)† 73.74 ± 23.66 73.02 ± 24.66 74.51 ± 22.67 0.37
Height (cm)† 149.83 ± 17.87 150.17 ± 19.53 149.46 ± 16.01 0.66
BMI (kg/m2)†† 31.57 ± 4.67 30.75 ± 3.97 32.44 ± 5.20 0.02

Table 2. Descriptive statistics of patients enrolled in the study of metabolic profile among obese children and 
adolescents

* Obtained from χ2 test for comparison of categorical variables;  
† Group comparison was examined using the Mann-Whitney U test for continuous data; 
†† Group comparison was examined using t test for continuous data;
1 Pearson χ2 = 0.1, df = 1; 2 Pearson χ2 = 2.53, df = 1; BMI, Body Mass Index.

Table 3. Biochemical laboratory measurements of children and adolescents participating in the study by different 
study groups

Analysis by obesity 
class Sample size

Obese Severely obese
p-value*

Variable Participants no. Mean ± SD Participants no. Mean ± SD

АLT (U/L) 115 31 27.84 ± 19.96 84 30.33 ± 16.66 0.14

AST (U/L) 115 31 23.32 ± 7.61 84 24.87 ± 12.32 0.69

TC (mmol/L) 141 44 4.36 ± 0.73 97 4.08 ± 0.78 0.04

TG (mmol/L) 141 44 1.39 ± 0.90 97 1.20 ± 0.54 0.24

FPG (mmol/L) 141 43 4.27 ± 0.59 98 4.14 ± 0.53 0.18

2-h G (mmol/L) 134 40 5.56 ± 1.25 94 5.68 ± 1.45 0.79



109PARAMETERS OF METABOLIC SYNDROME IN OBESE CHILDREN AND ADOLESCENTS 

Analysis by gender
Sample size

Boys Girls
p-value*Variable Participants no. Mean ± SD Participants no. Mean ± SD

АLT (U/L) 115 60 34.37 ± 20.58 55 24.53 ± 11.66 0.005

AST (U/L) 115 60 27.17 ± 13.16 55 21.49 ± 7.75 0.003

TC (mmol/L) 141 72 4.13 ± 0.83 69 4.21 ± 0.71 0.32

TG (mmol/L) 141 72 1.25 ± 0.79 69 1.27 ± 0.53 0.18

FPG (mmol/L) 141 72 4.20 ± 0.65 69 4.15 ± 0.43 0.93

2-h G (mmol/L) 134 70 5.65 ± 1.46 64 5.65 ± 1.32 0.83

Analysis according 
to age group Sample size

Preadolescents (4-11) Adolescents (12-18)
p-value*

Variable Participants no. Mean ± SD Participants no. Mean ± SD

АLT (U/L) 113 62 29.58 ± 17.66 51 30.02 ± 17.88 0.24

AST (U/L) 113 62 25.53 ± 11.85 51 22.90 ± 10.54 0.07

TC (mmol/L) 138 77 4.05 ± 0.76 61 4.35 ± 0.76 0.02

TG (mmol/L) 138 77 1.21 ± 0.60 61 1.34 ± 0.77 0.16

FPG (mmol/L) 138 76 4.14 ± 0.44 62 4.23 ± 0.67 0.52

2-h G (mmol/L) 131 70 5.60 ± 1.17 61 5.79 ± 1.59 0.86

Table 4 shows the distribution of abnor-
mal laboratory parameters among different study 
groups. The prevalence of abnormal total choles-
terol level was significantly higher in the group 
of obese children. Abnormal levels of ALT were 
higher in severely obese children, but this dif-
ference was not statistically significant. Abnor-

mal levels of fasting plasma glucose were also 
seen more frequently in boys compared to girls 
(p=0.03). Comparison of the distribution of ab-
normal biochemical parameters between the two 
age groups (preadolescents, < 12 and adoles-
cents ≥ 12 years) did not reveal any statistical 
significance.

* Group comparison was examined using Mann-Whitney U test for continuous data; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; TC, total cholesterol; TG, triglycerides; FPG, fasting plasma glucose; 2-h G, plasma 
glucose two hours post the glucose load during the oral glucose tolerance test. x.

Table 4. Distribution (%) of abnormal laboratory parameters between different study groups

Obesity class ALT 
(U/L)

AST
TC (mmol/L) TG (mmol/L) FPG (mmol/L) 2-h G 

(mmol/L)(U/L)
Obesity 41.94 6.45 18.18 40.91 4.65 2.50

Severe obesity 58.33 4.76 6.19 31.96 3.06 5.26
p-value* 0.121 0.722 0.043 0.644 0.685 0.726

Gender
Boys 58.33 6.67 9.72 31.94 6.94 2.82
Girls 49.09 3.64 10.14 37.68 0 6.25

p-value* 0.327 0.478 0.759 0.5110 0.0311 0.2212

Preadolescents vs. 
adolescents

Preadolescents 54.84 4.84 9.09 37.66 1.32 1.43
Adolescents 52.94 5.88 11.48 32.79 6.45 8.06

p-value* 0.8413 0.8114 0.6615 0.4916 0.1117 0.1818

* Obtained from χ2 test for comparison of categorical variables; 
1 Pearson χ2 = 2.45; df = 1; 2 Pearson χ2 = 0.13; df = 1; 3 Pearson χ2 = 6.37; df = 2; 4 Pearson χ2 = 1.14; df = 2; 5 Pearson 
χ2 = 0.22; df = 1; 6 Pearson χ2 = 0.67; df = 2; 7 Pearson χ2 = 0.99; df = 1; 8 Pearson χ2 = 0.53; df = 1; 9 Pearson χ2 = 0.58; df = 2; 
10 Pearson χ2 = 1.34; df = 2; 11 Pearson χ2 = 4.97; df = 1; 12 Pearson χ2 = 3.07; df = 2; 13 Pearson χ2 = 0.04; df = 1; 14 Pearson 
χ2 = 0.06; df = 1; 15 Pearson χ2 = 0.83; df = 2; 16 Pearson χ2 = 1.44; df = 2; 17 Pearson χ2 = 2.58; df = 1; 18 Pearson χ2 = 3.47; df 
= 2; ALT, alanine aminotransferase; AST, aspartate aminotrrasferase; TC, total cholesterol; TG, triglycerides; FPG, fasting 
plasma glucose; 2-h G, plasma glucose two hours post the glucose load during the oral glucose tolerance test.
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Correlation analyses are shown in Table 5. 
There were no statistically significant correlations 
between BMI values and laboratory parameters.

Table 5. Correlation analysis of Body Mass Index 
and laboratory parameters

Variable N R† p-value*
АLT (U/L) 115 0.08 0.37
AST (U/L) 115 -0.17 0.07
TC (mmol/L) 141 0.01 0.95
TG (mmol/L) 141 0.07 0.43
FPG (mmol/L) 141 -0.06 0.46
2-h G (mmol/L) 134 0.11 0.22

†Correlation between Body Mass Index (BMI) and labora-
tory parameters in obese children and adolescents present-
ed as correlation coefficient R with p-values. *Correlation 
was examined using Spearman’s correlation; ALT, alanine 
aminotransferase; AST, aspartate aminotrrasferase; TC, 
total cholesterol; TG, triglycerides; FPG, fasting plasma 
glucose; 2-h G, plasma glucose two hours post the glucose 
load during the oral glucose tolerance test

DISCUSSION

Overall, almost 70% of obese children in-
cluded in our study have been considered severe-
ly obese (>120% of the 95th percentile). Severe 
obesity was common in both, boys and girls, in 
our study sample. 

Slightly more boys were considered se-
verely obese than girls. These results are con-
sistent with the results of other studies. [24, 25] 
According to the results of a large cross-sec-
tional study, remarkable differences were noted 
between males and females, supporting further 
classification of severe obesity, especially in 
boys. [11] Also, their results show that obese 
male participants had higher prevalence of ab-
normal triglyceride level, glycosilated hemoglo-
bin level and systolic blood pressure than female 
participants. However, there is one study report-
ing obesity to be higher in girls. [26]

Dyslipidemia is highly associated with pe-
diatric obesity. [8, 27, 28] Childhood obesity has 
been shown to be associated with metabolic syn-
drome, too. [29] Our results indicate that obese 
children and adolescents have significantly high-
er total cholesterol levels when compared to se-
verely obese. Also, the prevalence of abnormal 

total cholesterol was found to be significantly 
higher in the obese group when compared to the 
severely obese group. Our findings are consis-
tent with the results of Salvatore et al., where the 
prevalence of the total and LDL cholesterol did 
not trend with the severity of obesity, indicating 
the limited usefulness of these two parameters. 
Similarly to what we have found, abnormal total 
cholesterol was highest among children with-
in obesity class I. Moreover, in this study the 
prevalence of total cholesterol was also higher 
in overweight compared to obese children with 
a distribution of 66.7% and 47.7 %, respective-
ly. [13] Also, another study has shown that total 
cholesterol did not differ among different classes 
of severely obese and non – obese controls. [30] 
Contrary to our results, a study conducted on 463 
obese children and adolescents did not reveal 
statistical significance considering the level of 
total cholesterol according to the severity of obe-
sity. This same study found statistically higher 
triglycerides levels in severely obese compared 
to moderately obese children. [31] However, 
one large cross-sectional study that investigated 
cardiometabolic risks in severely obese children 
and young adults showed that the prevalence of 
abnormal total cholesterol levels did increase 
significantly with the severity of obesity. [11] A 
cross-sectional study evaluating cardiometabolic 
profile of 854 high school students found hyper-
tension in 11%, impaired glucose metabolism in 
9%, hypertriglyceridemia in 9% and hypercho-
lesterolemia in 5 % of the study population, ad-
vocating the need for lifestyle changes. [32] An-
other nationwide prospective surveillance study 
has shown that at least one cardiovascular risk 
factor was present in 67% of children and ado-
lescents with severe obesity whereas hyperten-
sion was the most frequently found, 56%. [24] 

Participants aged ≥12 years have higher 
prevalence of abnormal total cholesterol com-
pared to participants < 12 years, although the 
difference was not significant. In addition, ad-
olescents also have significantly higher total 
cholesterol levels. A study that investigated the 
high cardiovascular risk in severely obese chil-
dren found that cardiovascular risk factors were 
more present in boys aged ≥ 12 years. [24] In 
our study, higher prevalence of elevated ALT, 
and high triglycerides was more common among 
preadolescents, while abnormal total cholester-
ol, fasting plasma glucose and plasma glucose 
two hours after OGTT performance, were higher 
among adolescents. 
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The most common abnormal laborato-
ry parameters in the whole study group were 
high ALT levels (53.91%) followed by high tri-
glycerides (34.75%). This is in accordance with 
the high prevalence of high triglycerides (11.2%) 
in the study of Makkes et al. [12]

Children with obesity tend to have in-
creased fasting glucose, insulin and insulin resis-
tance. [33] It is of notice that in our study group 
an important number of obese patients (2.5%) 
and even higher number of severely obese pa-
tients (5.26%) had carbohydrate intolerance. The 
prevalence of abnormal fasting plasma glucose 
in our study sample was significantly higher in 
obese boys than in obese girls. Other studies re-
ported these difference among obese males and 
females to be not significant. [34, 35] However, 
our results show that the prevalence of abnormal 
plasma glucose 2 hours after the performance of 
oral glucose tolerance test did not reveal signifi-
cant differences between boys and girls. Another 
larger cross-sectional study found significantly 
higher prevalence of elevated blood glucose in 
participants with severe obesity. [11] According 
to our study, the difference in the fasting blood 
glucose levels as well as the prevalence of abnor-
mal blood glucose levels between children with 
obesity and severe obesity was not significant. 
Our results are in line with the findings by Rank 
et al., where the comparison of glucose levels as 
well as the prevalence of elevated glucose be-
tween children with moderate and severe obesi-
ty showed no statistically significant difference. 
[31] However, differences in glucose levels were 
found to be significant between normal weight 
and overweight children. [36] Fasting glucose 
was not significantly higher in the severe obe-
sity group with less than 3 metabolic risk fac-
tors compared to non-obese subjects, but showed 
statistical difference in the severe obesity group 
with more than 3 metabolic risk factors. [30] 

Non-alcoholic fatty liver disease (NAFLD) 
is the most common pediatric liver disease, but 
also one of the possible complications secondary 
to obesity. [37] One study showed that 10% of 
children with obesity have elevated ALT levels. 
[38] In our study, 53.91% of obese children had 
an abnormal level of ALT. Schwimmer et al., re-
cently pointed out that ALT levels for screening 
NAFLD in obese children were set too high. Us-
ing the newly derived thresholds, the sensitivity 
for NAFLD detection has increased significant-
ly [20]. The use of ALT as a screening tool is 

encouraged in the early detection of NAFLD in 
children and adolescents with obesity. [39] Chil-
dren and adolescents with severe obesity from 
our study showed higher prevalence of abnormal 
ALT compared to the children and adolescents 
with obesity, although this was not statistically 
significant. This finding is in accordance with 
the findings of Salvatore et al., where children 
in obesity class II and III had prevalence of ab-
normal ALT two times higher than children in 
obesity class I. [13] Also, it has been shown that 
severely obese children that have more than 3 
metabolic risk factors have significantly higher 
values of ALT. [30] The ALT level in our study 
was significantly higher in obese boys than in 
obese girls. This gender specific difference could 
be explained by the existence of different cut 
off values for АLT in boys and girls. The preva-
lence of abnormal ALT levels in both, obese and 
severely obese children and adolescents in our 
study was remarkably high. A more comprehen-
sive study on the gender specific association of 
ALT with various metabolic parameters found 
higher proportion of obese children with elevat-
ed ALT levels, particularly in boys. Boys with 
higher levels of ALT have been associated with 
higher waist circumference. This is again due to 
the normally low levels of adiponectin in boys, 
which is, on the other hand, associated with 
higher waist circumference. [40] 

Studies on larger cohort size, follow-up on 
obesity patients are needed to further advance 
the knowledge on obesity and consequences in 
children and adolescents. 

CONCLUSIONS

There was a significant elevation of ALT, 
triglycerides and total serum cholesterol in all 
study participants.  High serum lipids and high 
hepatic enzymes (as introduction in non-alcohol-
ic fatty liver disease) are alarming. Obese chil-
dren showed to have significantly higher levels 
and prevalence of abnormal total cholesterol 
compared to severely obese children. Strikingly, 
there was carbohydrate intolerance in an import-
ant number of patients. Treatment and education 
of patients and parents is mandatory. Preventive 
measures in the society concerning childhood 
obesity are necessary.  
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Резиме

ПАРАМЕТРИ НА МЕТАБОЛНИЧКИОТ СИНДРОМ КАЈ ОБЕЗНИТЕ ДЕЦА И АДОЛЕСЦЕНТИ
Марко Костовски1, Зоран Гучев1, Велибор Тасиќ1, Момир Поленаковиќ2

1 Медицински факултет, Универзитет „Св. Кирил и Методиј“, Скопје, Република Македонија
2 Македонска академија на науките и уметностите, Скопје, Република Македонија

Вовед: Обезноста претставува најчесто хронично метаболно заболување кај децата и адо-
лесцентите. Значајно е дека обезноста достигна речиси епидемиски размери и се смета за глобален 
проблем на современото време. 

Цели: Целта на оваа студија беше да ја испита дистрибуцијата и разликите на одредени мета-
болни лабораториски параметри, кај децата и адолесцентите со обезност и тешка форма на обезност.

Испитаници и методи: Оваа студија на пресек вклучува 158 (82 момчиња, 76 девојчиња) обез-
ни деца и адолесценти на возраст од 0 до 17 години (10,43 ± 3,11 години). Обезноста е дефинирана 
според критериумите на Центрите за контрола и превенција на болестите преку специфични табели 
на раст за полот и возраста за индексот на телесната маса (BMI) ≥95 перцентили. Тешката обезност 
беше дефинирана како 120% од 95-тиот перцентил за возраста и полот, соодветно. Испитаниците 
беа подложени на детален медицински преглед и биохемиски испитувања, кои опфаќаа збир ме-
таболички параметри: ALT, AST, серумски триглицериди на гладно, тотален холестерол, плазма 
концентрација на гликоза на гладно и концетрација на гликоза во плазма во состав на оралниот тест 
за толеранција на гликоза. 

Резултати: Кај мнозинството од испитаниците беше констатирана тешка форма на обезност 
(69,92%). Највисока застапеност на абнормални биохемиски лабораториски параметри беше за-
бележана кај вредностите за ALT (53,91%) и триглицеридите (34,75%). Дистрибуцијата на абнор-
малните нивоа на вкупен холестерол во крвта беа сигнификантно повисоки (p = 0,04) во групата 
на обезни деца во споредба со оние со тешка обезност. Вредностите на вкупниот холестерол беа 
значајно повисоки кај адолесцентите во споредба со преадолесцентите (p = 0,02). Значаен број 
обезни пациенти (2,5%) и уште поголем број пациенти со тешка форма на обезност (5,26%) имаа 
интолеранција на јаглехидрати. 

Заклучок: Кај сите испитаници беше забележана значајна елевација на ALT, триглицеридите и 
вкупниот холестерол. Високите вредности на серумски липиди и високите хепатални ензими (како 
почеток на неалкохолната црнодробна болест) се алармантни. Значајно е што кај значителен број 
пациенти беше забележана јаглехидратна интолеранција. Третманот и едукацијата на пациентите и 
родителите е задолжителна. Неопходно е преземање превентивни мерки за справување со обезноста 
во детството од страна на општеството.  

 
Клучни зборови: обезност во детството, хепатални ензими, серумски липиди
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