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Abstract

Introduction: In the light of recent studies, the usefulness of the metabolic syndrome diagnosis in obese pediatric patients seems to
be controversial. It leads to the pressing questions, if the metabolic syndrome diagnosis is reflecting risk of the cardiovascular com-
plications in obese children.

Aim of the study: To evaluate the incidence of metabolic syndrome in obese children, asses the role of insulin resistance in the meta-
bolic complications and investigate if the diagnosis of MS has a clinical value in that group of patients.

Material and methods: After the retrospective analysis of 588 records of obese children treated in metabolic outpatient clinic,
289 children (145 boys) in the mean age of 11 years, was qualified to the study. Diagnosis of metabolic syndrome was based on IDF
2009 criteria and HOMA-IR was used in the assessment of insulin resistance.

Results: Metabolic syndrome was diagnosed in 69 children (24%) including 42 girls (61%, p < 0.05). Mean age was higher (12.4
vs. 10.9, p < 0.05) in patients with metabolic syndrome. Initial BMI Z-score was similar in the both groups (2.93 SD vs. 2.92 SD).
However, further follow-up showed significantly (p < 0.001) less effective BMI z-score reduction in patients with metabolic syndrome.
Insulin resistance was observed significantly more often in children with metabolic syndrome (77% vs. 35%, p < 0.0001). Moreover,
aminotransferases were significantly higher in boys with metabolic syndrome (AST = 35 vs. 28 U/I, ALT = 38 vs. 23 U/l, p < 0.0001).
Conclusions: The diagnosis of metabolic syndrome in obese children seems to have a predictive value for the clinical practice. Affected
children are older and their criteria are present more often in girls. Insulin resistance seems to be an important factor associated with
metabolic syndrome in obese children. The outcomes of behavioral therapy are less effective in children with metabolic syndrome.
Affected boys are at higher risk of non-alcoholic fatty liver disease (NAFLD) in the future.
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Streszczenie

Wstep: Przydatnos¢ kliniczna rozpoznawania zespotu metabolicznego (ZM) u otytych dzieci w $wietle ostatnich badar jest kontro-
wersyjna. Pojawia sie pytanie, czy rozpoznanie ZM odzwierciedla ryzyko wystepowania powikfar otytosci u dzieci.

Cel pracy: Ocena wystepowania ZM u otytych dzieci, ewaluacja roli insulinoopornosci w powikfaniach metabolicznych oraz zbada-
nie, czy diagnozowanie ZM jest uzyteczne dla codziennej praktyki klinicznej.

Materiat i metody: Analizie retrospektywnej poddano 588 otytych dzieci leczonych w poradni metabolicznej, 289 dzieci (145 chfop-
cow) w wieku Srednio 11 lat zakwalifikowano do badania. Zesp6t metaboliczny rozpoznawano na podstawie kryteriéw IDF 2009. Do
okreslenia insulinoopornosci uzyto wskaznika HOMA-IR.

Wyniki: Zespot metaboliczny rozpoznano u 69 dzieci (24%), w tym u 42 dziewczynek (61%, p < 0,05). Sredni wiek dzieci byt wyzszy
(12,4 vs 10,9; p < 0,05) u pacjentéw z zespotem metabolicznym. Poczatkowa wartos¢ BMI Z-score nie réznita sie znamiennie w obu
grupach (2,93 SD vs 2,92 SD). Dalsza obserwacja wykazata znamiennie mniejsza (p < 0,001) redukcje BMI Z-score u pacjentow
z ZM. Insulinoopornos¢ obserwowano znamiennie czesciej u dzieci z ZM (77% vs 35%; p < 0,0001). Natomiast stezenia aminotran-
sferaz byty znamiennie wieksze u chtopcéw z ZM (AST = 35 vs 28 U/I; ALT = 38 vs 23 U/, p < 0,0001).
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Whioski: Diagnozowanie zespotu metabolicznego u otytych dzieci wydaje sie miec istotne znaczenie w praktyce klinicznej. Zespét
ten wystepuje czeSciej u dziewczynek i u dzieci starszych. Insulinoopornos¢ jest waznym czynnikiem skojarzonym z ZM u otytych
dzieci. Terapia zachowawcza otytosci jest mniej efektywna u pacjentéw z ZM. Chtopcy dotknieci tym zespotem wydaja sie bardziej
narazeni na wystapienie niealkoholowej sttuszczeniowej choroby watroby (NAFLD) w przysztosci.

Stowa kluczowe:
otytoé¢ dziecieca, zesp6t metaboliczny, insulinoopornosé.

Introduction

Metabolic syndrome is an accumulation of several disor-
ders, which includes visceral obesity, elevated fasting glucose,
triglycerides, blood pressure values and reduced high-density
lipoprotein cholesterol. The underlying etiology is insulin resis-
tance caused by extra weight, obesity, lack of physical activity
and genetic predisposition [1]. Metabolic syndrome it is not the
disease, but the group of risk factors which poses a great dan-
ger of developing atherosclerotic cardiovascular disease, insu-
lin resistance, diabetes mellitus and vascular and neurological
complications such as a cerebrovascular accident in the future.

Until recently metabolic syndrome has been considered as
a problem of adulthood only. In view of the increasing obesity
in children and adolescents, which becomes the epidemic in
most countries, the components of this syndrome like dyslip-
idemia, hypertension and impaired glucose tolerance are now
described commonly in the young age [2]. However its de-
scription in the pediatric literature is still limited.

While the criteria of metabolic syndrome in adults are well
known and unified worldwide, we lack of the standardized defi-
nition and criteria which should be used for the diagnosis of
MS among children and adolescents. The main problem poses
the fact that, we should use the norms not only in the terms of
the gender but also of the age and race identity. The organism
of the child is developing very fast and the values of the vari-
ous parameters are different at the different stages of the de-
velopment. Creating the centile charts for these parameters is
necessary. The are some proposals for the criteria of metabolic
syndrome in children. The most useful criteria seem to be the
one presented by Ferranti et al., Cook et al. and IDF consensus
criteria [3-5].

According to the recent studies the prevalence of MS in the
group of children in different countries has been confirmed in
3-4% [6]. Among adolescents in USA has been reported to be
4,2% and among obese adolescents (BMI > 95 pc) 28,7% [4].
In Europe the situation seems to be better. When only obese
children were taken into account MS was presented in 9% of
them in Hungary and in 14% in Silesia [7]. The results are also
different because of different criteria which were taken into con-
sideration.

In the light of recent studies, the usefulness of the metabolic
syndrome diagnosis in obese pediatric patients seems to be
controversial. It leads to the pressing questions, if the MS di-
agnosis has the importance in daily clinical practice during the
treatment of childhood obesity.
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Aim of study

The aim of this study was to evaluate the incidence of
metabolic syndrome (based on the IDF consensus criteria) in
obese children and to asses the role of the insulin resistance in
the metabolic complications in that group of patients. What is
more the influence on the effectiveness of the therapy in obese
children was investigated in the terms of the presence of MS
as well as independent components of MS including elevated
high- density lipoprotein and triglycerides, elevated fasting in-
sulin level and insulin resistance.

Material and methods

Study population

From records of 588 obese children treated in metabolic
outpatient clinic, 289 children (145 boys) was qualified to the
study.

The study group consisted of obese children whose blood
tests such as Triglycerides (TG), Total cholesterol (Tch), high
density lipoprotein (HDL), fasting glucose, insulin and HOMA
IR were performed at each visit.

Mean age was 10.73 £3.57. We divided study population
on two subgroups: (MS) with metabolic syndrome 69 chil-
dren including 42 girls (61%) and the second group without
MS 220 children. More than 70% of children lived in cities over
100,000 of people. The retrospective case-control study was
conducted in the Metabolic Outpatient Clinic in Children’s Hos-
pital in Katowice between 2014 and 2016. The data come from
years 2005 to 2016.

Exclusion criteria comprised secondary causes of obesity
such as chronic intake of certain drugs (like steroids, anti-epi-
leptic), endocrinopathies (like Hashimoto thyroiditis), genetical-
ly determined disorders and other chronic diseases and lacking
of the clinical or biochemical data. As the therapy is concerned,
only behavioral treatment was introduced. The therapy included
lifestyle modification. Children were encouraged to increased
physical activity and change eating patterns. Moreover they
were supported by the dietician and psychologist.

Obesity diagnosis

Obesity was determined according to WHO growth refer-
ences for children from 2007. We used BMI Z-score for age
and sex. Children with Z-score +2SD or more were classified
as obese.
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Anthropometric measurement

Patients visited outpatient clinic every three months.
Each time anthropometric measurements like height, weight
and body mass index (BMI) were performed. Weight was
measured in the standing position with an accuracy of 100 g.
Height was obtained in the standing position with a fixed sta-
diometer with an accuracy of 1 cm. BMI was calculated ac-
cording to standard formula (kilograms per meter squared).
BMI Z-scores were derived using WHO AnthroPlus, version
1.0.4 (based on World Health Organization growth refer-
ences).

Moreover measurements occurred results of Triglycerides
(TG), Total cholesterol (Tch), heigh density lipoprotein (HDL),
glucose, insulin and aminotransferase (AST, ALT) was consis-
tent with guidelines of the Polish Pediatric Society.

Metabolic syndrome criteria
Diagnosis of metabolic syndrome was based on IDF 2009
criteria and HOMA-IR was used to asses insulin resistance.

Ethic consideration

The study was retrospective analysis of the history of pa-
tients treated in Metabolic Outpatient Clinic. Therefore we did
not apply for bioethical committee permission.

Statistics

Comparative analysis of the groups for the variables with
normal distribution was performed using the Shapiro-Wilk test.
Analysis for qualitative variables was carried out using a chi
square test. Analysis for quantitative variables with normal
distribution was carried out using T test. Analysis for quantita-
tive variables without normal distribution was carried out using
U Mann-Whitney test. All results were analysed in the Statis-
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Figure 1. Reduction of BMI Z-score in children with MS and
without MS on following visit p < 0.05

tica™ 12 PL software. The criterion of statistical significance
was p < 0.05.

Results

Metabolic syndrome which was diagnosed by the IDF cri-
teria had 69 children (24%). Almost 61% of children who had
metabolic syndrome were girls.

Children with metabolic syndrome were statistically sig-
nificant older than patients without MS respectively (1.4 vs.
10.9 SD, p = 0.03).

The initial BMI Z-score was close both in the group with met-
abolic syndrome and without it (3.00 SD vs. 2.92 SD, p > 0.05).
But further follow-up showed less effective BMI z-score reduc-
tion in children with metabolic syndrome (Fig. 1). Moreover the
initial BMI was significant higher in group of children with meta-
bolic syndrome (29.39 vs. 26.48 SD 5.88, p = 0.0006)

Insulin resistance measured by HOMAIR was observed sig-
nificantly more often in children with metabolic syndrome (77%
vs. 35%, p = 0.0001). In addition insulin resistance was more fre-
quent in both groups boys and girls with metabolic syndrome re-
spectively (70% vs. 30%, p = 0.0001; 66% vs. 33%, p = 0.0001)

Aminotransferases were significantly elevated in boys with
metabolic syndrome (AST = 35 vs. 28 U/I, ALT = 38 vs. 23 U/l
p = 0.0001). But on the other hand we did not observed any
differences in group of girls.

There were no significantly differences between delta BMI
and value of triglycerides, HDL and HOMAIR on each visit
(Fig. 2). We did observed differences between BMI Z-score
and value of fasting insulin on each visit. Children who have
lower value of fasting insulin were reducing BMI Z-score better
than those who have high value of fasting insulin (Fig. 3).

BMI Z-score

| visit Il visit Il visit IV visit V visit

BTG >25 OTG<25

Figure 2. Reduction of BMI Z-score in children with TG > 150
and TG < 150 on following visit p > 0.05

© Copyright by PTEIDD 2019 19



Pediatr Endocrinol Diabetes Metab 2019

Springwald A., R6zana-Kowalska P, Gibata P, Zajdel-Cwynar O.,
Matecka-Tendera E., Matusik P

3.5
3
2.5 1
2
1.5 1

BMI Z-score

0.5

| visit Il visit IIl visit IV visit V visit

M fasting insulin < 25 @ fasting insulin > 25

Figure 3. Reduction of BMI Z-score in children with Fasting in-
sulin < 25 and Fasting insulin > 25 on following visit p < 0.05.

Discussion

There is no doubt that obese children had significantly
higher metabolic syndrome prevalence compared with their
counterparts with normal weight [4, 8, 9]. In the systematic re-
view Friend et al. Showed that the median prevalence of MS
in children generally was 3.3%, while in overweight population
was 11,9% and in children with obesity was 29.25% [9].

In our study MS was diagnosed in 24% of obese patients.
Similar results were obtained by Cook et al., while the MS was
reported in 28,7% of obese adolescents in USA. Alarming data
come from Turkey. Ozlem et al. compared the incidence of MS
in turkish obese children and adolescents by using three dif-
ferent definitions, according to the modified WHO, Cook and
the International Diabetes Federation consensus criteria. Re-
spectively MS was confirmed in 39%, 34% and 33% of those
patients [10]. In the European studies the numbers are lower.
In the study conducted by Bokor et al. In the group of obese
children from France, Greece, Italy, Poland and Hungary,12.2%
of them had MS [11]. Another work comes from Spain. Gui-
jarro de Armas et al. reported that 19,6% children with severe
obesity had MS, according to IDF criteria, 2007 [12]. Similar
results were presented in the study of Rizzo et al. Adolescents
from Brasil with overweight, obesity and extreme obesity were
enrolled into this research. By around 18% of them MS was
confirmed [13]. For now in China the situation is better. Only in
6,6% of obese children MS was diagnosed. However the preva-
lence of obesity and MS is on the increase because of under-
going transition to Western lifestyle [8]. Our research showed
that MS is diagnosed more often in Silesia than in children
from other parts of Poland and Europe. Our results were more
similar to the findings from USA, which is an alarming report.
It may resultt from the fact that Silesia is relatively well-to-do
region with the greatest urban area in Poland. The welfare and
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Western lifestyle and dietary patterns may cause this situation.
Some of studies confirm the fact that the prevalence of obesity
is higher among city residents than among township and rural
area residents [14]. By contrast other works reported higher
prevalence in obesity in rural areas [15]. Another reason for
such a big amount of children with MS in the area of our study
may be the fact that only patients with severe problems related
to obesity wanted to take a treatment in our outpatients clinic.

It is still a remaining question if the gender plays a role in
the prevalence of MS. In our research we observed incidence
of MS more often in the group of obese girls (61%). Similar
phenomenon was observed in the trial of Rizzo et al., where
the risk factors for MS were more prevalent in females [13].
A large amount of studies reported higher prevalence of insulin
resistance in the group of girls [13, 16].0n the other hand the
some studies, for example Friend et al. and Cook et al. revealed
higher median MS prevalence in boys compared to girls (5.1%
vs. 3.0%; 6.1% vs. 2.1%) [4, 9]. However in the large amount of
studies no significant differences by sex were found [17, 18].

As we found in our study, the mean age of obese children
with MS was significantly higher compared to the age of those
one without this disorder (12.4 vs. 10.9). This trend is described
commonly by numerous authors [9, 10, 17]. MS prevalence is
higher in older patients, especially who are undergoing puberty.
It was confirmed by a large amount of studies. According to
Tanner, in stage of II-IV insulin sensitivity of peripheral tissues
decreases by around 30% [2, 19]. The level of fasting insulin
and glucose is elevated. The main reason seems to be the
changes in releasing of hormones, like growth hormone and
consequently insulin-like growth factor 1 and 2, which contrib-
ute to insulin resistance [2].

As we observed in our investigation, the initial BMI Z-score
was close both in the group of children with and without MS
(2.93 SD vs. 2.92 SD). Nevertheless further follow-up showed
less effective BMI z-score reduction in children with metabol-
ic syndrome (2.59 SD vs. 2.50 SD) and with elevated fasting
insulin. It demonstrates that the behavioral therapy of obese
children with metabolic complications is less effective and in
these cases the weight loss is significantly reduced. However
the level of triglycerides, HDL and insulin resistance (the value
of HOMA-IR) separately, did not have an impact on the effec-
tiveness of the therapy. There were no significant differences in
delta BMI Z-score in patients with or without these metabolic
disorder independently. We did not found other studies investi-
gating these correlations. More surveys are required.

Our study confirmed that insulin resistance is observed sig-
nificantly more often in children with MS (77% vs. 35%). The
findings in other studies are in agreement with this correlation
[12, 13, 17]. The study of Guijarro et al. showed that in children
who met 3 or more criteria of MS insulin resistance was sig-
nificantly greater than in patients with 1 or 2 MS criteria [12].
Insulin resistance is the principal metabolic abnormality that
is common to the development of the metabolic syndrome in
both children and adults [20]. It is strictly related to the evolution
of hypertension, dyslipidemia, impaired glucose tolerance, he-
patic steatosis, which are the components of MS. According
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to the third National Health and Nutrition Examination survey,
insulin resistance is present in approximately 24% of adults in
the USA and is strongly correlated with coronary heart disease,
stroke, type 2 diabetes, and all-cause mortality. It has been
clearly shown that IRS origins extend back to the childhood and
progress in their pubertal transition into adulthood. Our popula-
tion is facing the risk that children will be less healthy and die
younger than their parents [21, 22].

We observed in our investigation significant elevation of
aminotransferases in the group of boys with MS (AST: 35 vs.
28 U/l, ALT: 38 vs. 23 U/l). Similar results were obtained by
Schwimmer et al., while abnormal ALT was significantly more
prevalent in boys (44%) than in girls (7%) [23]. Seo et al. also
confirmed that boys had liver enzymes elevated more frequent-
ly than girls (7.0% vs. 3.1%). What is more boys had higher
metabolic co-morbidities such as hypertension and hyper-
glycemia [18]. Boys have been identified as sex in which the
steatohepatitis is more commonly developed in the analysis of
studies that has been released since 1998 on NAFLD [24]. The
ratio of boys to girls was 2 : 1 [25]. These differences could be
related to the levels of circulating sex hormones (estrogen-tes-
tosterone ratio), hepatic expression of sex hormone receptors
and pattern of growth hormone secretion. In fact, it has been
shown that estrogens act as anti-apoptotic, anti-fibrogenic, and
anti-inflammatory agents [26]. On the other hand in the trial of
Quirds-Tejeira et al. the percentage of overweight children with
elevated ALT did not differ by sex, age, or Tanner stage [27].
Among the authors Bdlanescu et al. patients with MS had
a higher risk for NAFLD. But in comparison to our study NAFLD
was diagnosed more often in girls. Patients under the age of
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