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In which group of children and adolescents should
a family doctor look for metabolic syndrome?
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Background. The asymptomatic course, early genesis, multifactorial onset, and the lack of a single definition of
metabolic syndrome in children and adolescents make it difficult to assess its prevalence. Metabolic syndrome developed in
childhood increases cardiovascular risk in adulthood.

Obijectives. The evaluation of the prevalence of metabolic syndrome based on age, sex, weight and abdominal obesity in
a population of children and adolescents in a family doctor’s practice.

Material and methods. The study group comprised 325 children and adolescents (1779, 1483) aged 7, 13 and 16 years. An-
thropometric measurements (height, weight, waist circumference) were made, along with the determination of blood pressure,
fasting glucose and lipid levels. Overweight states and obesity were assessed according to the IOTF criteria. Abdominal obesity
and hypertension were evaluated using growth charts appropriate for the age, gender and height of the children of Lodz. Meta-
bolic syndrome was diagnosed based on the NCEP/ATP Il criteria.

Results. Metabolic syndrome was diagnosed in 6.5% of the subjects. In children aged 13 and 16 years — 7.6% (p > 0.05 vs.
7 years), aged 7 years — 3.9% (p > 0.05 vs. 13, 16 years), boys (8.8%; p > 0.05), girls (4.5%; p > 0.05). Among children with
excessive body weight, metabolic syndrome was observed in every fourth child (25.4%), more often in those with obesity
(44.1%) than with abdominal obesity (32%) and those who were overweight (19.2%), respectively (p < 0.001 vs. metabolic
syndrome). The number of components of metabolic syndrome elevated with increasing body weight (p < 0.001). Abdominal
obesity was observed in 17.5% of the subjects. Children with abdominal obesity had higher levels of triglycerides (p < 0.05)
and lower HDL cholesterol (p < 0.001). The most common cardiovascular risk factors were LDL-c > 110 mg/dl in 85 (26.1%)
and excessive body weight in 71 subjects (21.8%).

Conclusions. The presence of metabolic syndrome correlated with overweight state, obesity and abdominal obesity in the
group of children and adolescents. The evaluation of cardiovascular risk performed in obese children by a family doctor allows

for the early implementation of prevention.
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Background

Even though the relationship between metabolic syn-
drome in children and adolescents and the threat of adult-
hood cardiovascular diseases, diabetes and atherosclerosis
has been confirmed in clinical studies, the diagnosis is still
a challenge for many doctors. Published epidemiological
data show that there is a threefold increase in the number
of cardiovascular complications and a twofold rise in the
associated mortality rate in adults with metabolic syndrome
compared to healthy subjects. The risk of developing dia-
betes in adults with metabolic syndrome increases fivefold
[1]. The difficulties in diagnosing metabolic syndrome in
children are due to the lack of clearly defined criteria and
definitions of metabolic syndrome in this group of patients.
In children and adolescents researchers have to use criteria
adapted from the terminology of adults, but results vary de-
pending on the definition used. In 2009 the American Heart
Association published a stand dedicated to the problem of
metabolic syndrome in children and adolescents, but a clear
definition of the syndrome was still not given. It was noted
that regardless of the definition, the incidence of metabolic
syndrome in children and adolescents has increased signifi-
cantly in recent years, similarly to the incidence of obesity
and overweight states in children and adolescents [2]. The

definition, based on the NCEP/ATP Ill criteria adapted for
children and adolescents, is commonly used to diagnose
metabolic syndrome in adolescents. According to this defi-
nition, it is necessary to find 3 out of the 5 following risk fac-
tors: abdominal obesity — waist circumference > 90 percen-
tile for age and sex, plasma glucose concentration > 110 mg/
/dl, triglyceride levels > 110 mg/dl, HDL-cholesterol in plas-
ma < 40 mg/dl, arteriovenous pressure > 90 percentile for
sex, age and height [3]. Metabolic syndrome and cardiovas-
cular diseases may begin in early childhood, and are usually
asymptomatic. The theory of the perinatal programming of
these diseases, which is described by researchers, indicates
the need for the early identification of at risk groups. The
first symptoms of metabolic syndrome can be manifested as
early as in the first decade of life [4]. Early diagnosis should
therefore be addressed to the group of children and adoles-
cents who are at highest risk of metabolic syndrome.

Objectives

The aim of this study was to evaluate the prevalence of
metabolic syndrome and its components in a population of
children and adolescents, by a family doctor, depending on
age, sex, body weight and abdominal obesity.

@@@@ This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International
A (CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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Material and methods

The study comprised 325 children (1779, 1487) aged 7,
13 and 16 years from the three largest age groups who were
recruited for the study during visits to the outpatient clinic.
Anthropometric measurements were made. Overweight
states and obesity were assessed based on the IOTF criteria
(International Obesity Task Force) as an international stan-
dard for comparison of the results [5]. Abdominal obesity
was diagnosed as waist circumference above percentile 90
on growth charts appropriate for the children of Lodz; blood
pressure was evaluated based on growth charts appropriate
for age, sex, and height also for the children of Lodz [6].
Blood glucose and lipid profile were determined in venous
blood on an empty stomach. Metabolic syndrome was di-
agnosed as defined by NCEP/ATP IIl (National Cholesterol
Education Program Adult Treatment Panel I11) [3].

Results

According to the accepted NCEP/ATP Il definition,
metabolic syndrome was diagnosed in 6.5% of patients,
with 3 out of 5 cardiovascular risk factors included in the
syndrome definition: abdominal obesity, elevated TG level,
low HDL-c concentration, increased glucose value, and ab-
normal blood pressure. Metabolic syndrome is most com-
monly diagnosed among subjects aged 13 (7.6%) and 16
years (7.6%), and less frequently in the group of the young-
est children, i.e. at the age of 7 years (3.9%). There was
no significant relationship between gender, age and the
prevalence of metabolic syndrome. Despite the differences
that exist in metabolic syndrome prevalence in various age
groups, there was no statistically significant difference in this
respect (p > 0.05). There are also no relationships between
the groups with metabolic syndrome and gender, although
the prevalence in boys (8.8%; p > 0.05) is higher than in
girls (4.5%; p > 0.05). The group of children with a diagnosis
of metabolic syndrome showed a relationship between ex-
cessive body weight and the disease (p < 0.001). Metabolic
syndrome was diagnosed in almost every fifth overweight
child (19%) and in almost half of obese children (44%). In
total, in the whole group of overweight and obese children
(71), 18 subjects presented the characteristics of metabolic
syndrome (25.4%). In the group of normal weight and un-
derweight children, metabolic syndrome occurred in every
hundredth subject. In the group of children with abdomi-
nal obesity, metabolic syndrome was determined in every
third subject (32%), while in those without abdominal obe-
sity in only 2%, regardless of age and gender (p < 0.001).
The assessment of the presence of metabolic syndrome
components depending on body weight revealed that the
number of components increased with growing body weight
(p < 0.001). All the obese children demonstrated the com-
ponents of metabolic syndrome; every third obese child
presented three components, which was the basis for the
diagnosis of metabolic syndrome. Children with abdominal
obesity had higher triglyceride levels (165 + 62.9; 95% Cl:
29.3-23.6; p < 0.05) and lower HDL (41.9 + 8.0; 95% Cl:
5,99-47; p<0.001) compared to children without obesity. In
the study group, cardiovascular risk factors most frequently
included elevated levels of LDL-c > 110 mg/dl (according to
the recommendation of the Polish Forum of Cardiovascular
Prevention for Children and Youth), present in 85 (26.1%),
and excessive body weight in 71 subjects (21.8%) [7].

Discussion

According to the assumed definition, metabolic syn-
drome was diagnosed in 6.5% of all subjects aged 7-16

years. The published study results, which used the NCEP/
/ATP Il definition, showed that the prevalence of metabolic
syndrome in children aged 10-18 years ranged from 4.2%
to 15.4% [8]. A high percentage of children with metabolic
syndrome according to the same criteria (NCEP/ATP Il1) was
observed in studies conducted in Arab children, 9.4% and
10.8%, respectively [9, 10]. A higher prevalence of metabol-
ic syndrome, i.e. 8.6% of children compared to the results
of our study (6.5%) was reported in a multicentre study of
American children in the National Health and Nutrition Ex-
amination Survey (NHANES) in the years 2001-2006 [11].
The studies, which found a higher percentage of children
with metabolic syndrome, involved children of different
races and ethnic backgrounds, as well as a higher percent-
age of obese Latino children, which significantly increased
the prevalence of metabolic syndrome [11]. A recently pub-
lished study conducted by Piotrowska et al. among the ado-
lescents of Wroclaw showed abdominal obesity as part of
metabolic syndrome in 34.5% of 17-year-olds and in 65.5%
of 18-year-olds [12]. The study results showed that meta-
bolic syndrome in children and adolescents was a complex
diagnostic problem due to ethnic differences, the childss
development, and changes in anthropometric parameters.
In European studies the prevalence of metabolic syndrome
in Hungarian children aged 8-18 years was 8.9%, and 4%
in Finnish children aged 6-18 years. The difference is due
to environmental conditions, high-calorie and protein-rich
diets, and a predominance of sedentary lifestyle, as seen
in developing countries compared to developed countries
[13]. The studies mentioned above found no statistically sig-
nificant correlation between gender and the prevalence of
metabolic syndrome. Similar findings were obtained in our
study. Although metabolic syndrome was more frequent in
boys, the difference was statistically insignificant (p > 0.05).

The prevalence of metabolic syndrome in the analyzed
group of children and adolescents with excessive body
weight was 25.4% (n = 71), that is 18 subjects. Metabol-
ic syndrome was diagnosed in 44% of obese children and
19% of overweight subjects. The frequency of metabolic
syndrome diagnosis in children with excessive body weight
was significantly increased compared with children with
normal body weight (p < 0.001). The study adapted the in-
ternational IOTF standard to assess obesity and overweight
states. BMI values were determined for each age group of
boys and girls in such a way that BMI = 25 kg/m? (over-
weight) and BMI = 30 kg/m? (obesity) are reached at the age
of 18 years [5]. In the case of the Polish growth charts used in
our study and developed in the OLAF study (in 18-year-olds
BMI percentile runs through BMI = 25 kg/m?), percentile 85
(actually 82.9) related to boys and percentile 90 (actually
90.5) to girls. For these reasons, the IOTF definitions were
used in this study to determine the prevalence of obesity and
overweight states. The criteria created by the Mother and
Child Institute, and growth charts developed in the OLAF
study are the gold standard in everyday practice [14].

In the literature, the prevalence of metabolic syndrome
in overweight children varies depending on the adapted def-
inition, from 19.2% to 52.9% [15]. The results of the study
conducted among obese children by Bokor et al. and pub-
lished in 2008 in five European countries: France, Greece,
Italy, Hungary and Poland, found the prevalence of meta-
bolic syndrome to be 20.3% according to the NCEP/ATP Il
criteria [16]. The prevalence of metabolic syndrome in the
studies carried out among the children of Lodz with exces-
sive body weight was 32%. Similarly, in our study, meta-
bolic syndrome or two of its components were more often
diagnosed in obese children than in overweight children
[17]. Carbohydrate disorders, such as impaired fasting glu-
cose, favour the development of insulin resistance in obese
children, in whom metabolic syndrome was diagnosed in
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12.8% of cases [18]. A study of 500 Polish children with
type 1 diabetes reported that metabolic syndrome occurred
in 3.2% of them, and almost 1/3 of subjects presented fea-
tures of obesity/overweight state [19]. In turn, a study of 163
children in Lodz with type 1 diabetes found abdominal obe-
sity in 11.7% and metabolic syndrome in 7.4% of patients
[20]. In a study of obese children Polish, 17 out of 84 met
the metabolic syndrome criteria. Abdominal obesity, lipid
disorders and hypertension contributed to the development
of atherosclerosis, as confirmed by the measurement of
intima-media thickness (IMT) of the carotid artery in obese
Polish children [21]. Obesity, particularly abdominal, is di-
rectly clinically and epidemiologically associated with the
development of metabolic syndrome.

The measurement of waist circumference is a simple
research tool used in everyday practice to assess abdomi-
nal obesity. Gender-specific fixed limits of waist circum-
ference have been established in adults, above which the
cardiometabolic risk increases [1]. Because anthropomet-
ric parameters change with age, the limit value of waist
circumference in children and adolescents was percentile
90. The possibility of using valid growth charts which are
appropriate in environmental, ethnical and racial terms, is
extremely important to define obesity in children and ado-
lescents, as a leading cardiometabolic risk factor associated
with insulin resistance. Because of the practical use of the
metabolic syndrome definition in daily work, the determi-
nation of insulin resistance was replaced with an accurate
and simple measurement of waist circumference and the
assessment of abdominal obesity as an intermediate expo-
nent of insulin resistance [22]. In the study group of children
and adolescents, the prevalence of metabolic syndrome
was significantly higher in patients with abdominal obesity
(p < 0.01). Features of metabolic syndrome were present
in every third child with abdominal obesity (31.5%) and in
only every fiftieth child without abdominal obesity (2%).
A study of obese children in Wroclaw found three or more
components of metabolic syndrome in 50% of children with
abdominal obesity. The analysis of the prevalence of meta-
bolic syndrome components in children with peripheral
and abdominal obesity revealed that metabolic syndrome
was significantly more frequent in the subgroup with an ab-
dominal accumulation of fat [23]. The study of 635 15-year-
olds conducted by Bitsori et al. reported the prevalence of
metabolic syndrome in children with abdominal obesity
at 13.5%. The published study results indicate abdominal
obesity as a leading factor associated with insulin resistance
and metabolic syndrome in children and adolescents [24].

The measurement of waist circumference in children and
adolescents, which is easy to apply in practice and indepen-
dent of BMI in the assessment of cardiovascular risk, can be
used for routine balance measurements.

Abdominal obesity is also a good predictor of future in-
sulin resistance, dyslipidemia and hypertension [25]. Meta-
bolic syndrome in children is not only described as a car-
diovascular risk factor, but also as a chronic kidney disease
risk factor. Hypertension and diabetic nephropathy are
pathophysiologically associated with insulin resistance and
abdominal obesity. Having their origin in childhood, they
may increase the risk of chronic kidney disease complica-
tions in adulthood [26].

In summary, family doctors should implement educa-
tional activities for children diagnosed with metabolic syn-
drome, and their parents, on proper nutrition and the role of
physical activity and leisure time in order to avoid the devel-
opment of obesity and overweight states, including abdomi-
nal obesity, in the future. Children with lipid metabolism
disorders and obesity should be referred to the outpatient
clinic of metabolic disorders and a nutritionist, as well as
undergo the control of lipid parameters. Actions directed to
children and young people at cardiovascular risk should oc-
cur on many levels, both in the microenvironment (home,
family, school) and on a larger scale (health care system,
television, advertising, food industry). Metabolic syndrome
and obesity in children and adolescents is not just a health
problem. It can cause serious economic, psychological and
social consequences in the future, in adulthood.

Conclusions

Children and adolescents with excessive body weight,
obesity and associated lipid disorders are at the highest
risk of developing metabolic syndrome among the patients
of family doctors. In children and adolescents the diagno-
sis of metabolic syndrome correlated with the presence of
overweight states, obesity and abdominal obesity. The dis-
turbingly high percentage of subjects with these disorders
indicate the need to take preventive measures in this group
of children. Routine measurements of waist circumference
and biochemical parameters of cardiometabolic risk should
be considered in children with excessive body weight.
A change in eating habits, increasing physical activity, and
the control of biochemical abnormalities are the areas of
prevention activities which should be implemented by fam-
ily doctors among children at risk of metabolic syndrome.

Source of funding: This work was funded under 2.6. Regional Innovation Strategies and Knowledge Transfer Project no. Z/2.10/
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