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Abstract
The present study aims to identify and analyse the cardiometabolic risk factors associated with the
metabolic syndrome in overweight children and adolescents. The study group included 163 overweight children
and adolescents, average age: 13.02 ± 3.42 years. The following evaluations were performed: anthropometrical
measurements, blood pressure measurements, biochemical tests investigating the lipid and carbohydrate metabolism. Metabolic syndrome was identified in 48 subjects (29.4%). The risk to develop MS was found to be higher in males and within the 13-18 age group. The most common cardiometabolic risk factors were abdominal
obesity (75.5%) and high blood pressure (41.1%), followed by low HDL-cholesterol (35%), increased fasting
blood glucose (23.3%) and hypertriglyceridemia (17.8%.). The variables under analysis exhibited significant
correlations with the number of metabolic syndrome diagnosis criteria. The metabolic syndrome prevalence in
the paediatric population affected by excess body weight has reached high values in our geographical area. It is
thus justified to initiate screening activities for the early detection and adequate treatment of the modifiable cardiometabolic risk factors, contributing to the prevention of long-term complications.
Keywords: overweight children, hypertension, dyslipidemia, metabolic syndrome

Rezumat
Studiul de fa i-a propus identificarea i analizarea componentelor cu risc cardiometabolic asociate
cu sindromul metabolic la copiii i adolescen ii cu exces ponderal. Lotul de studiu a inclus un num r de 163 de
copii i adolescen i cu exces ponderal, cu media de vârst 13.02 ± 3.42 ani. S-au efectuat: m sur tori antropo*
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metrice, m surarea tensiunii arteriale i determin ri biochimice pentru investigarea metabolismului lipidic i
glucidic. Prezen a sindromului metabolic a fost înregistrat la 48 de subiec i (29.4%). Riscul de a dezvolta SM a
fost mai crescut la copiii de sex masculin i la cei din grupa de vârst 13-18 ani. Cele mai frecvente componente
cu risc cardiometabolic au fost obezitatea abdominal (75.5%) i hipertensiunea arterial (41.1%), urmate de
HDL-colesterol sc zut 35%, glicemie à jeun crescut (23.3%) i hipertrigliceridemie (17.8%). Variabilele analizate au prezentat corela ii semnificative cu num rul de criterii de diagnostic ale sindromului metabolic. Prevalen a sindromului metabolic în popula ia pediatric cu exces ponderal este crescut în zona noastr geografic . Se justific astfel ini ierea activit ilor de screening pentru depistarea precoce i interven ia adecvat asupra factorilor de risc cardiometabolici modificabili, contribuind în acest mod la prevenirea complica iilor acestora pe termen lung.
Cuvinte cheie: obezitate abdominal , copii, hipertensiune arterial , dislipidemie, sindrom metabolic
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Introduction
The constellation of anthropometric,
functional and biochemical consequences of
overnutrition may be summarised under the
name of metabolic syndrome (MS), characterised by abdominal adipose excess, associated
two or more cardiometabolic risk factors: high
blood pressure, atherogenic dyslipidaemia (hypertriglyceridemia, low HDL-cholesterol) and
disorders of the glucose metabolism (fasting
hyperglycaemia, impaired glucose tolerance or
type 2 diabetes mellitus). MS was intensely
studied on adults, but research was directed towards the paediatric population only in the context of an extremely worrying ascending trend
of obesity in children and adolescents. According to a study from 2004 conducted in 79 countries, the World Health Organization (WHO)
considers that there are 250 million obese
people in the world, out of whom 22 million are
estimated to be children under 5, thus evincing
the idea that 50% of these children are to become obese adults (1). Studies in Romania estimated that 24.5% of children aged 7-11 were
overweight (2). Childhood obesity may be responsible for the early onset of systemic arterial
hypertension, insulin resistance and dyslipidaemia
in adolescence and increased risk of developing
type 2 diabetes mellitus, metabolic syndrome and
cardiovascular diseases in adulthood (3-5). Although no standardised and unanimously accepted
definition of the MS for the paediatric age exists,

the presence of the cardiometabolic risk factors at
an early age with consequences in adulthood has
given an increased impetus to research in this direction for children and adolescents (6,7). Data on
the prevalence of MS in the paediatric population
of Romania is extremely scarce, prompting the
present study as an attempt to provide better documentation on this topic.

Materials and methods
The study was a clinical and statistical
analysis based on observational data, which prospectively assessed a lot of 163 children and adolescents with excess body weight (84 boys and
79 girls, M/F ratio = 1.06), who were successively
admitted to the ”Sf. Ioan” Clinical Emergency
Children’s Hospital in Gala i for recurring health
problems. The subjects were accepted into the
study after the written informed consent was
signed by their parents or legal guardians. The informed consent for participation in the study was
assessed and advised by the Ethical Commission
of ”Dun rea de Jos” University of Gala i.
The weight excess (obesity and overweight) was diagnosed on the basis of the medical history, the complete clinical exam (somatic aspect, distribution of the adipose tissue) and
anthropometric measurements – height, weight,
body mass index (BMI) – in relation to age and
gender according to the Centers for Disease Control and Prevention (CDC) criteria (8). Thus,
obesity was established according to the criterion:

Revista Român de Medicin de Laborator Vol. 21, Nr. 1/4, Martie 2013

BMI the 95th percentile for age and gender, and
overweight according to the criterion: BMI
between 85th and 95th percentile for age and
gender. The study did not include subjects with a
history of secondary obesity (caused by endocrine, genetic, neurological disorders, with a suggestive clinical exam confirmed by specialists), a
history of diabetes or primary hyperlipidaemia,
pharmacological treatment that might have influenced their metabolic profile or blood pressure.
In order to better define MS, we used
the criteria for children and adolescents proposed
by the International Diabetes Federation (IDF) in
2007 and adapted according to the 2009 consensus amendments for adults, and relates blood
pressure to percentile values as described by
Weiss et al. and Ferreira et al. (6-10). Therefore,
MS was defined by the presence of at least three
of the following criteria: waist circumference
(WC) the 90th percentile for age and gender;
blood pressure (BP)
the 95th percentile for
age, gender and height; triglycerides (TGL)
150 mg/dL; HDL-cholesterol (HDLc) < 40
mg/dL (excepting girls aged 13-18, for whom the
cut-off value was 50 mg/dL), fasting blood glucose (FBG) 100 mg/dL (5.6 mmol/L).
Anthropometric measurements
The measurement of the weight was
performed with a standard beam balance scale
in the morning, before breakfast, with the patient in the upright position, barefoot and wearing light clothes. The height was measured on a
standard height board; the patient was in an upright position, his/her heels, nates and occipital
bone aligned on a vertical plane, without
stretching the neck, and the lower eye socket
rim in horizontal line with the external auditory
conduct. BMI was calculated by dividing the
mass (kg) to the square of the height (m²), and
the data obtained were converted into the percentile corresponding to the age and gender by
means of the 2000 CDC standard monograms
(11). The waist circumference (WC) was measured with the patient in upright position, the
legs slightly apart and relaxed abdomen at the
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end of a complete expiration, in mid-distance
between the upper iliac crest and the costal rim,
at the level of the navel, on the median axillary
line, by means of the waist meter. WC values
percentiles corresponding to the age and gender
were interpreted as shown in a previous study
(12). The WC was chosen as a specific measurement as it is correlated with the intra-abdominal adipose tissue mass, thus assessing central
(abdominal) obesity.
Blood pressure measurement
The blood pressure was measured with
the patient in a sitting position, after a rest of at
least 5 minutes, by means of a sphygmomanometer with an appropriate size cuff, placed at the
level of the right arm held in the pre-cordial area
(the auscultatory method). Three measurements
were made, recording the average values of the
systolic blood pressure (SBP) and diastolic blood
pressure (DBP). When the blood pressure was
over the 95th percentile for the first measurement,
this were repeated in two different days. The
measurement of blood pressure values and the
subjects’ classification followed the recommendations of the American Academy of Pediatrics
(AAP) by relation to the corresponding percentiles for age, gender and height (13).
Laboratory tests
These tests were performed by enzymatic
methods, using appropriate kits for Vitros 950 analyser (Ortho Clinical Diagnostics, Johnson &
Johnson, USA) at the hospital Clinical Laboratory.
The venous blood samples were drawn according
to the standard laboratory procedures. No haemolysed, lactescent or icteric serums were used. The
tests included the determination of the following
parameters: total cholesterol (tC), HDLc, TGL and
FBG test. The LDL-cholesterol value (LDLc) was
calculated by means of the Friedewald formula. To
assess the lipid profile, the ratios TGL/HDLc and
tC/HDLc were calculated, and the values over 3
and 4, respectively were considerred signs of atherogenesis. The interpretation of serum lipids and
lipoproteins values in children and adolescents followed the National Cholesterol Education Program
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Results

Out of the total of 163 subjects included in the study, 61 (37.4%) exhibited one
MS diagnosis criterion, 45 (27.6%) associated two MS diagnosis criteria, 34 (20.9%)
combined three criteria, 12 (7.4%) combined
four criteria, and only 2 (1.2%) showed all
the five criteria. The absence of any MS diagnosis criterion out of the five was seen in 9
(5.5%) subjects. The most common association between two components was obesity
B.
and/or abdominal obesity and high blood
pressure, found in 21/45 subjects (46.6%)
subjects. When considering the association of
three criteria, obesity and/or abdominal
obesity, high blood pressure and low HDLc
were found in 13/48 (27%) MS subjects. The
presence of MS, defined as the association of
minimum 3 out of 5 criteria, was 29.4%, with
no statistically significant difference in the 1318 age group (34.8%) as compared to the 7-12
Figure 1. Distribution of metabolic syndrome criteria
age group (20%) (p = 0.088). The statistical
occurence by gender (A) and by age (B)
analysis showed no significant differences in
the prevalence MS according to gender.
(NCEP) recommendations, while for fasting blood
The most common two MS indicators in
glucose, the recommendations of the American
the total group were abdominal obesity (WC the
Diabetes Association (ADA) (14, 15).
90th percentile) in 123 (75.5%) of the cases, and
Statistical analysis and processing
high blood pressure (BP the 95th percentile) in
The data were statistically analysed by
67 (41.1%) of the cases (Figure 1).
means of the Statistica 7 software. Continuous
All subjects included in the study
numerical values were expressed as means ±
showed excess body weight (BMI the 85th
standard deviation (SD), while category varipercentile). Out of these subjects, 32/163
ables were listed as frequencies. In order to em(19.6%) were overweight and 131/163 (80.4%)
phasize the potential differences between the
obese, without any significant gender differsubgroups generated within the experimental lot
ences. Abdominal obesity, assessed by the WC
by sex and age, the t-student parametric test or
value, was identified in 75.5% of the subjects:
Mann-Whitney Rank Sum Test were used, and
88.5% (116/131) of the obese individuals and
frequency comparisons among subgroups made
21.9% (7/32) of the overweight ones, with no
use of the 2 test. The statistical significance
significant gender differences. A statistically
threshold alpha 0.05 was selected, correspondsignificant difference was observed between
ing to a confidence level of 95%. The assessage groups, pointing to an increased frequency
ment of the correlations between the variables
of WC in the 13 to 18 years old paediatric popunder analysis was performed by means of the
ulation (P <0.001). The same age group had a
Pearson correlation coefficient.
significant increase in cases of hypertension
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Table 1 Study lot descriptive statistics for
clinical and metabolic parameters

Age (years)
Height (m)
Weight (kg)
BMI (Kg/m2)
WC (cm)
SBP* (mmHg)
DBP** (mmHg)
tC (mg/dL)
LDLc (mg/dL)
HDLc (mg/dL)
VLDLc (mg/dL)
TGL (mg/dL)
TGL/HDLc
tC/HDLc
FBG (mg/dL)

Mean
13.02
1.58
70.09
27.44
90.62
124.00
75.99
166.08
97.85
46.29
22.02
109.90
2.70
3.84
90.53

Std.Dev.
3.42
0.15
20.60
4.03
11.19
15.50
7.73
29.96
27.77
12.65
10.30
50.66
1.80
1.41
16.37

(P <0.001). Hypertensive status was not associated with any gender in particular.
The study of blood pressure revealed a
prevalence of hypertension (HT) of 41.1% and
pre-hypertension of 14.1%.
The evaluation of the lipid profile led to
the following results in decreasing order: prevalence of low HDLc in 35%, hypertriglyceridemia in 17.8%, hypercholesterolemia in
11% and high LDLc in 10.4%. Male subjects
and those aged 13 to 18 showed some modified
values of all lipid parameters, without achieving
statistical significance: P = 0.264 (for tryglicerides), P = 0.143 (for HDLc). Hypertriglyceridemia and reduced concentrations of HDLc,
especially when are associated, arise from
changes in eating habits that lead to obesity and
induce susceptibility to MS, with the exception
of specific genetic influences. Since 27 subjects
combined two of the modifications mentioned
above, the prevalence of dyslipidemia was

87

16.6%. High values of the ratios TGL/HDLc
and tC/HDLc were registered in 31.3% and
39.3% of the subjects, respectively.
Fasting hyperglycemia was seen in 23.3%
of the subjects, at slightly higher levels in boys and
the 13-18 years of age group, without achieving
statistical significance (P = 0.127). No patient was
diagnosed with type 2 diabetes mellitus.
Table 1 lists the descriptive statistic of
clinical and metabolic parameters under investigation, and Table 2, the overall correlations
between parameters.
In summary, significant positive correlations were established between the majority of
analysed variables and MS diagnosis criteria,
with the exception of HDLc, which has a negative correlation. The anthropometric parameters
(height, weight, BMI and WC) showed significant positive correlations with most of the variables under analysis, non significant positive
correlations with the FBG and negative correlations with HDLc. SBP showed significant positive correlations with the anthropometric parameters analysed, and some of the indices of the
lipid profile. The correlations of SBP to HDLc
were negative, but not statistically significant.
The parameters investigating the lipid metabolism showed significant positive correlations, as
follows: tC and LDLc with the anthropometric
indices, VLDLc and the ratio tC/HDLc with the
anthropometric indices, SBP and TGL, TGL
and the ratio TGL/HDLc with the anthropometric indices, SBP and DBP. HDLc showed negative correlations with all the variables under
analysis, but non significant. FBG was positively correlated only with the number of MS
diagnosis criteria.

Discussions
The research results indicated an important prevalence of cardiovascular and metabolic risk factors in the investigated paediatric
population, despite the subjects’ young age. In
total, 154 subjects were found to present at least
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one risk factor (94.5%) and more than a quarter
of the study group had accumulated at least
three MS diagnosis criteria. MS prevalence in
the overweight patients included in this study
was elevated, and the 13-18 age group was the
most affected (34.8%, i.e. 1 of 3 adolescents).
Although the prevalence of MS in ages 7-12 is
lower (1 of 5 subjects), it should not be neglected, as it signals a lower age limit for the onset of the metabolic consequences of excess
weight. Our results are comparable to some
documented values,but the studies on this topic
reveal a high variability of the MS prevalence,
accounted for by the differences in the demographic characteristics of the populations under
study and, in the same time, the different definitions used in diagnosing MS (16, 17). The
childhood MS onset trends are difficult to
quantify and compare on larger scale mainly
because there is no universally accepted definition of paediatric MS, thus making MS diagnosis very difficult to establish in young age.
Difficulties arise mostly from the incomplete picture
of MS components seen in paediatric population.
Moreover, unlike in adults, childhood MS components and their pathophysiological mechanisms are
influenced by growth and puberty, not only by
gender, ethnicity and race (18-21). The assessment
of risk factors defining MS is more difficult in the
paediatric population in our geographical area due to
the lack of statistics and specific benchmarks. Based
on the study results, MS risk factors were ranked according to their occurrence in the study lot: most frequent (75.5%) was abdominal obesity, followed in
descending order by hypertension (41.1%), hypo-HDL-cholesterol (35%), fasting hyperglycaemia
(23.3%) and hypertriglyceridemia (17.8%). The results of this study point to the fact that cardiovascular
and MS risk factors originate in childhood and are
closely related to obesity.
Abdominal obesity, appreciated by the
value of the WC the 90th percentile for age
and gender, was the most reliable component in
classifying subjects as having MS. The existing
correlation between the anthropometric indices

and the number of MS diagnosis criteria led us
to the conclusion that a more severe MS condition is to be found in subjects with a high degree of obesity and/or abdominal obesity. Thus
it can be inferred that fat excess and especially
abdominal (central) fat excess in children and
adolescents is associated with multiple cardiometabolic risk factors, the association of which
increases the severity of MS, as is has already
been shown for adults (22).
It still remains to be investigated why
just some obese individuals develop MS. It is
usually attributed to insulin resistance, which is
the physiopathological factor incriminated in
the occurrence of this syndrome (23).
Presently, WC measuring is not
routinely done for children, mostly because there
are no WC cut-off values established for paediatric population. The main predictor of cardiometabolic risks associated to obesity in study
subjects was BMI, although certain studies
showed that WC tops BMI in its association to
insulin resistance, metabolic syndrome and cardiovascular disease in children, and therefore
may be included in practice as the simplest instrument to identify MS-prone children (24,25).
In our study, it was found that blood
pressure increases in a proportional manner
with BMI and WC, and it correlates better with
WC. All these findings support the role of
obesity as a risk factor for arterial hypertension,
and the use of the BMI-WC combination as
compared to using one of the parameters may
increase the predictive value of developing arterial hypertension and MS.
The prevalence and diagnosis rate of
hypertension in children and adolescents appear
to be on the rise, partly as a consequence of
more frequent occurrences of body weight excess at an early age (26). The obesity that develops in childhood increases the risk of associated diseases, as well as the risk of persisting
into adulthood, when cardiometabolic complications are more likely to occur (3,5). In
the present study, the presence of hypertension

Variable no. MS crit
Age
0.049
Height
0.162*
Weight
0.195*
BMI
0.190*
WC
0.205*
SBP
0.436*
DBP
0.411*
tC
-0.080
LDLc
-0.055
HDLc
-0.508*
TGL
0.554*
TGL/HDLc
0.636*
tC/HDLc
0.389*
FBG
0.215*

*Significant correlation for P < 0.05

Age
0.900* Height
0.906* 0.928* Weight
0.741* 0.659* 0.883*
BMI
0.858* 0.862* 0.952* 0.887* WC
0.444* 0.540* 0.566* 0.475* 0.519* SBP
0.383* 0.438* 0.433* 0.337* 0.400* 0.748* DBP
0.106
0.078
0.131
0.150 0.144 0.078 0.075
tC
0.127
0.094
0.128
0.124 0.126 0.091 0.079 0.906* LDLc
-0.082 -0.121 -0.126 -0.097 -0.081 -0.130 -0.094 0.259* -0.022 HDLc
0.065
0.130 0.209* 0.249* 0.197* 0.166* 0.132 0.128 -0.035 -0.422* TGL
0.089
0.148 0.205* 0.218* 0.176* 0.184* 0.140 0.040 0.018 -0.665* 0.897* TGL/HDLc
0.151 0.157* 0.183* 0.163* 0.152 0.151 0.115 0.381* 0.562* -0.661* 0.403*
0.680*
tC/HDLc
0.030
0.054
-0.030 -0.123 -0.050 -0.061 0.122 -0.081 -0.074 -0.075 0.035
0.040
-0.001
FG

Table 2. Correlation coefficients for investigated parameters
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ranked second in frequency among the MS diagnosis criteria used. The prevalence of hypertension (41.1%) and pre-hypertension (14.1%)
estimated in our study are in accordance the reports on paediatric subjects with excessive body
weight in Canada (19.5%), several European
countries (21,8%) and the USA (49%) (4, 27,
28). Upon analysing our data, it can be said that
SBP and DBP exhibit significant but weak correlations with some of the indices of the lipid
metabolism (TGL and TGL/HDLc ratio). The
blood pressure values are therefore not dependent on the presence the disorders of the lipid or
glucose metabolism, but are best correlated
with the degree of obesity. Therefore it may be
inferred that the values of blood pressure can be
lowered by losing weight.
The main lipid disorder found in our investigated MS subjects was the average HDLc
value much below the lowest accepted level of
40 mg/dL and low HDLc levels is known to be
linked to elevated cardiovascular risk. These
results are confirmed by similar studies maintaining that atherosclerosis starts in childhood
and progresses throughout life (29).
The reduced prevalence of hypertriglyceridemia (17.8%) might imply that the critical
value of TGL used in the IDF MS-defining criteria is too high in children, and the cut-off
value of triglyceridemia associated to the increased MS risk has yet to be determined. An
alternative to using IDF cut-offs would be to
refer to normal percentile values for the patient’s age and gender, which would ensure a
more pertinent evaluation. This proposal relies
on the fact that the lipid serum levels vary according to age and gender, as proven by other
research (30). The explanation may be that the
low prevalence of high LDLc belongs to the
MS-specific type of dyslipidemia which includes hypertriglyceridemia, low HDLc while
LDLc is not altered quantitatively, but qualitatively by the presence of small and dense LDL
particles (31). The significant correlations of
the indices of the lipid metabolism with the an-

thropometric parameters, which the present
study points to, are another argument in favour
of the connection between dyslipidemia and the
severity of excess weight.
In adults, the values of the lipoprotein
ratios are acknowledged as more useful markers
in estimating the atherogenetic and insulin resistant cardiovascular risk than isolated lipid values, as they reflect the interactions between lipid fractions (25). Conversely, in paediatric subjects the importance of these ratios is understudied from a clinical and prognostic point of
view. In the present study, the correlations of
the TGL/HDLc and tC/HDLc ratios with the
number of MS criteria and the BP values were
better when compared to individually analysed
lipid fractions. These results, comparable to the
limited data available in literature, allow us to
conclude that their determination in paediatric
subjects may be useful for the estimation of the
cardiometabolic risk (32).
Similarly to other research focussing on
this age, the present study showed no increased
prevalence of high fasting blood glucose
(23.3%), but this should not be disregarded (16).
The subjects classified as pre-diabetic at the moment, represent a category at increased risk of
developing type 2 diabetes mellitus and MS,
even more so if other risk factors are associated.
This aspect is also stressed in our study, by the
significant correlation between the values of
fasting blood sugar levels and the severity of the
MS. Two arguments may support these findings,
namely the variety of disorders of glucose metabolism found in obese children, and the late development of this component in MS.
The high prevalence of cardiovascular
and metabolic risk factors in the overweight pediatric population suggests that early screening
for weight excess together with the timely implementation of lifestyle changes is essential for
the prevention, control and management of
obesity and its associated co-morbidities, such
as the MS. Early age screening activities would
imperatively call for a unanimously accepted
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definition of MS in children and adolescents.
Early detection of weight excess and appropriate intervention upon reversible cardio-metabolic risk factors will ultimately help prevent
long-term complications.

Conclusions
The MS prevalence in the paediatric
population affected by excess body weight has
reached high values in our geographical area, especially in the 13-18 years old group. The most
common cardiometabolic risk factors revealed
were abdominal obesity and high blood pressure,
followed by low HDL-cholesterol, increased
fasting blood glucose and hypertriglyceridemia.
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