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SUMMARY
Aim: The aim of the study was to monitor the importance of laboratory, anthropometric and genetic determination of the presence of risk factors 

for atherosclerosis, obesity, dyslipidemia and components of the metabolic syndrome in obese children and the response to dietary and regimen 
interventions in obese children. 

Methods: As a part of the study, 353 paediatric patients (46% boys, 54% girls) with obesity and dyslipidemia, aged 8–16 years, participated in 
a one-month lifestyle intervention programme. The programme involved a reduction of energy intake and supervised exercise programme consist-
ing of 5 exercise units per day, each 50 minutes long. Standard biochemical methods were applied, including Lp-PLA2, as were anthropometric 
measurements and genetic analyses. 

Results: During the reduction programme for the children there was a statistically significant decrease in all anthropometric indicators of body-
weight (p < 0.001) as well as in lipid parameters and LpLPA2. Carriers of the FTO GG genotype and/or MC4R CC genotype lost significantly more 
body weight in comparison to non-carriers.

Conclusion: Child obesity is an important social issue. After regimen interventions, there is weight loss as well as an improvement in biochemical 
parameters. There are individuals with a genetic predisposition for obesity, as well as individuals with a better response to regimen interventions 
which could, among other things, be determined by the FTO and MC4R genotypes.
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INTRODUCTION

At present, atherosclerosis, or rather cardiovascular disease 
(CVD), is one of the most common causes of mortality and mor-
bidity in developed countries. One of the most important ways to 
reduce the prevalence of cardiovascular disease is the reduction 
of the risk factors linked to atherosclerosis. The risk factors for 
atherosclerosis are divided into non-influenceable (age, sex, fam-
ily history of serious cardiovascular disease) and influenceable 
(including dyslipidemia, diabetes mellitus, arterial hypertension, 
smoking, obesity, and low physical activity). In addition, the ac-
cumulation of risk factors in one individual does not culminate 
in the risk of CVD, it multiplies it. For example, the presence of 
dyslipidemia and arterial hypertension increases the risk of CVD 
nine times; the additional presence of smoking increases the risk 
of CVD sixteen times (1). 

Although these risk factors appear to relate to adult age, 
their prevalence is shifting to ever-younger age groups, even to 
childhood (2). The presence of certain risk factors in childhood 
is alarming. For example, in the Czech Republic, 6% of children 

suffer from obesity, and 9% of children are overweight, 23% of 
children have dyslipidemia and 1.8% suffer from arterial hyper-
tension (3). According to WHO, in the age group of 15–18 years, 
16% of boys and 11% of girls are smokers. The incidence of 
diabetes mellitus is distorted, in particular due to the prevalence 
of type 1 diabetics; however, cases of type 2 diabetes mellitus 
occur more frequently in childhood, which used to be the pre-
rogative of adults (4). 

The causes of the increased prevalence of risk factors are 
in particular lifestyle changes, reduced physical activity and 
changes in the eating habits of children. This increasingly allows 
phenotypic manifestations of gene polymorphisms involved in 
the presence of obesity, metabolic syndrome and dyslipidemia 
to be unmasked (5).

The prevention and treatment of the above described risk 
factors for atherosclerosis is both non-pharmacological and 
pharmacological. Non-pharmacological intervention is prima-
rily recommended for children. This includes the consistent and 
regular dietary education of the paediatric patients as well as their 
parents or family members. Furthermore, regular physical activity 
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is essential. At the same time it is necessary to motivate parents 
and children to implement these measures themselves and to check 
their compliance through regular check-ups (6).

In order to consistently prevent subsequent complications 
resulting from the accumulation of risk factors that may manifest 
themselves in early adulthood, it is extremely important to select 
children who already have the risk factors present.

The Children’s Sanatorium of Dr. L. Filip in Podebrady mainly 
organizes programmes for children with diseases of the muscu-
loskeletal system, cardiovascular apparatus, dyslipidemia, arte-
rial hypertension, but also treatments for childhood obesity. This 
represents a selected group of children with a high accumulation 
of risk factors linked to atherosclerosis.

A series of clinical studies with large numbers of patients 
have not only shown that dietary and regimen measures lead to 
weight loss and a reduction in waist circumference, but that there 
is also an improvement in laboratory indicators and reduction in 
cardiovascular risk (7).

The effect of diet and exercise interventions on the weight 
reduction and improvements in laboratory monitored param-
eters in children varies. The results are likely to be affected 
by a combination of differences in their internal environment 
(metabolism, genetic predisposition) and the influence of their 
external environment (8). 

In literature, discussions focus on a number of specific genetic 
variants which have the potential to influence their reactions to 
dietary and regimen measures. The most analysed are polymor-
phisms of the FTO (fat mass and obesity related gene, OMIM acc. 
No 610966) (9) and MC4R (melanocortin 4 receptor, OMIN acc. 
No 155541) genes (10–12).

Lp-PLA2, phospholipase A2 associated with lipoproteins, 
is an enzyme produced by cells of the monocyte-macrophage 
system, in particular by inflammatory cells of atherosclerotic 
plaque. The largest producers are the macrophages and foam cells 
in the subendothelial space. Previous studies refer to a higher 
concentration of Lp-PLA2 in vulnerable atheromatous plaques. 
In circulation, Lp-PLA2 is largely bound to the carboxyl terminus 
of the apoB-100 LDL particles (up to 80%); the remaining part is 
bound to HDL, VLDL and Lp(a). It appears that there is a greater 
association with the small dense LDL particles. An increase in the 
concentration of, or activities relating to, Lp-PLA2 are associated 
with an increase in cardiovascular risk (13, 14).

Lp-PLA2 activity is influenced by a number of factors: hy-
polipidemics, antihypertensives and a number of other agents. 
It is assumed that increased physical and dietary interventions 
also affect the lipoprotein lipase activity. A group of local chil-
dren undergoing weight loss programmes is a suitable model 
for studying the effects of regimen and dietary measures on 
Lp-PLA2 levels. 

MATERIALS AND METHODS

As a part of the study 353 paediatric patients were examined. 
The patients (46% boys, 54% girls) suffering from obesity and 
dyslipidemia were aged 8–16 years and participated in a one-
month programme at the Children’s Sanatorium of Dr. L. Filip in 
Podebrady. The examinations were carried out at the beginning 
and at the end of their hospitalization (14). 

The children with obesity participating in the study were pre-
scribed a weight reduction diet according to their age. Children 
under 10 years of age received 5,000 kcal/day, children over 10 
years of age 7,000 kcal/day. Children with hypercholesterolemia 
received a low cholesterol diet. The exercise programme consisted 
of aerobic and resistance training (5 units a day, each 50 minutes 
long) complemented with ball games, swimming, dancing, and 
fast walking. 

Upon arrival, the children and their parents received informa-
tion about the project. If the parents, the legal guardians of the 
child, consented to their child’s participation in the project, they 
signed an informed consent form. 

The following examinations were carried out: measurement 
of anthropometric parameters (height, weight, calculation of 
Body Mass Index, waist, abdomen and hip circumferences as 
well as skinfold over the left triceps, below the right scapula and 
abdominal skinfold).

All participants underwent a thorough physical examination 
prior to entering and leaving the programme. Body weight was 
measured with a calibrated electronic weight scale. Height was 
measured to the nearest 0.5 cm. Waist and hip circumferences 
were also measured with an accuracy of 0.5 cm. BMI (kg per m2) 
was calculated on the basis of obtained measurements. Diastolic 
and systolic blood pressures were measured after 10 minutes in a 
sitting position using a mercury manometer. The skinfold thick-
ness was measured with a BEST II-501 calliper. Total body fat 
was determined by impedance analysis using a Bodystat analyser 
(1500 MDD, Bodystat, Isle of Man, UK). 

The blood test measured total cholesterol, LDL-, HDL- cho-
lesterol, triglycerides, apolipoprotein A, apolipoprotein B, lipo-
protein (a), blood glucose level, C-peptide and insulin level. Basic 
biochemical tests (sodium, potassium, chloride, urea, creatinine, 
liver function tests, TSH) were also carried out. 

Total cholesterol, HDL cholesterol, triglycerides, apolipoprotein 
A, apolipoprotein B, lipoprotein (a), gamma-glutaryl transferase, 
and basic biochemistry parameters were measured in the central 
laboratory of the General University Hospital (Institute of Clinical 
Biochemistry and Laboratory Diagnostics, 1st Faculty of Medicine, 
Charles University and General University Hospital). The results 
for LDL cholesterol were calculated using the Friedewald equation 
(total cholesterol – HDL cholesterol – (triglycerides/2.2)) and the 
atherogenic index of plasma (log (TG/HDL)).

In addition, blood was collected for DNA isolation. DNA was 
isolated using a standard salting out method (15). The MC4R 
rs17782313 polymorphism and rs17817449 variant within the FTO 
gene were determined by PCR-RFLP as previously described in 
detail (16, 17).

The principle of phospholipase activity is based on substrate 
conversion. The antibody-based sandwich enzyme, immunoassay, 
was used to determine the concentration thereof.

Standard statistical methods for comparing the differences 
between the monitored parameters before and after the interven-
tion (t-test and the non-parametric Wilcoxon test, Chi-square 
test, ANOVA and ANCOVA) were used for statistical processing. 

Examined Individuals
Within the study, the results of 349 obese children aged 9–16 

years, average age 13.7 ± 2.1 years, average height 163 ± 10.6 
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cm were statistically processed. The initial average weight was 
81.43 ± 19.9 kg and BMI 30.78 ± 4.6 kg/m2. As a result of the 
examinations a girl was newly diagnosed with familial hyper-
cholesterolemia and subsequently excluded from monitoring. In 
addition, 3 boys who were being treated for arterial hypertension 
were excluded as well. 

RESULTS 

Anthropometric, Laboratory Parameters
The heaviest participant was a 15-year-old boy with a BMI 

of 50 and weight of 158 kg, who reduced his weight to 146 kg. 
During the children’s reduction programme there was a statisti-
cally significant decrease in weight (p < 0.001), BMI (p < 0.001), 
reduction in skinfold thickness (p < 0.001), and waist circumfer-
ence (p < 0.001), as well as abdomen and hips circumference. 
Simultaneously, there was a statistically significant decrease in 
both systolic (p < 0.01) and diastolic (p < 0.001) blood pressure 
as well as a decrease in heart rate (p < 0.001). 

Laboratory tests showed a statistically significant decrease in 
both total and LDL, HDL cholesterol, triglycerides and moni-
tored apolipoproteins (apo A, apo B, Lp(a)) (p < 0.001). During 
monitoring, a decrease in gamma-glutamyl transferase was 
detected. Although the blood glucose levels remained statisti-
cally unchanged, there was a decline in the levels of C-peptide 

(p < 0.05) and a significant decrease in insulinemia (p < 0.001). 
Accurate input and output values as well as the differences in 
values before and after the intervention with appropriate p values 
are given in Table 1.

FTO, MC4R VARIANTS

As previously described in detail (17), in a subgroup of children 
with complete data, FTO and MC4R variants were genotyped. No 
gender differences were identified in the genotype distribution. 
If compared with a set of Czech adults (post-MONICA study) a 
higher frequency of the GG FTO genotype (24.9% vs. 17.3%) and 
MC4R genotypes (4.7% in adults and 6.0% in obese probands) 
were detected in the children.

Individual polymorphisms had no effect on BMI, body weight, 
or WHR. However, the highest initial BMI were found in probands 
with a combination of the FTO GG and MC4R CC genotypes. 
On the contrary, both variants were predictors of the success of 
the intervention.

FTO GG homozygotes reduced BMI (p = 0.02) and body 
weight (p = 0.04) more than for carriers of the T allele.

In case of the MC4R variant, CC homozygotes reduced BMI 
units (2.8 ± 0.9 BMI units) more than for carriers of the T allele 
(2.3 ± 0.7 BMI units).

Analyses of all genotype combinations show that carriers of at 
least one risk genotype, either FTO (GG) or MC4R (CC), reduced 

Parameter Input Output Difference p
Weight (kg) 81.43 ± 19.92 75.06 ± 18.28 6.37 ± 2.26 < 0.001
BMI (kg/m2) 30.78 ± 4.58 28.44 ± 4.28 2.33 ± 0.78 < 0.001
Waist circumference (cm) 88.7 ± 11.3 83.1 ± 10.5 5.6 ± 3.1 < 0.001
Abdominal circumference (cm) 101.9 ± 11.7 96.0 ± 11.6 5.8 ± 3.8 < 0.001
Hip circumference (cm) 104.0 ± 11.2 98.6 ± 10.8 5.4 ± 3.8 < 0.001
Abdominal skinfold (cm) 4.06 ± 0.93 3.3 ± 0.6 0.74 ± 0.73 < 0.001
Triceps skinfold (cm) 2.5 ± 0.9 2.0 ± 0.7 0.5 ± 0.7 < 0.001
Subscapular skinfold (cm) 2.7 ± 0.9 2.2 ± 0.8 0.5 ± 0.7 < 0.001
SBP (mmHg) 120.2 ± 13.8 117.2 ± 11.9 3.1 ± 12.8 < 0.01
DBP (mmHg) 76.8 ± 10.3 73.1 ± 9.53 3.7 ± 12.5 < 0.001
Pulse (beats/min) 83.8 ± 12.9 77.0 ± 12.9 6.83 ± 11.8 < 0.001
Cholesterol (mmol/L) 4.54 ± 0.93 3.66 ± 0.86 0.89 ± 0.55 < 0.001
LDL (mmol/L) 2.79 ± 0.76 2.09 ± 0.72 0.69 ± 0.49 < 0.001
HDL (mmol/L) 1.31 ± 0.3 1.17 ± 0.25 0.14 ± 0.18 < 0.001
TG (mmol/L) 1.01 ± 0.57 0.82 ± 0.32 0.19 ± 0.45 < 0.001
apo A (mmol/L) 1.29 ± 0.18 1.08 ± 0.17 0.21 ± 0.12 < 0.001
apo B (mmol/L) 0.88 ± 0.22 0.75 ± 0.24 0.13 ± 0.16 < 0.001
Lp (a) (mmol/L) 0.28 ± 0.34 0.20 ± 0.27 0.08 ± 0.12 < 0.001
Glycaemia (mmol/L) 4.88 ± 0.39 4.86 ± 0.35 0.02 ± 0.4 ns
C-peptide (mmol/L) 0.82 ± 0.3 0.76 ± 0.3 0.05 ± 0.2 < 0.05
Insulin (mIU/L) 13.54 ± 7.9 11.5 ± 6.4 2.0 ± 5.9 < 0.001
GGT (μkat/L) 0.33 ± 0.22 0.22 ± 0.11 0.11 ± 0.16 < 0.001

Table 1. Input and output values and differences in values before and after intervention

SBP – systolic blood presure, DBP – diastolic blood presure, LDL – low density cholesterol, HDL – hight density cholesterol, TG – triglycerides, apo A – apolipo-
protein A, apo B – apolipoprotein B, Lp(a) – lipoprotein(a), GGT – gamma-glutamyl transferase
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weight as well as BMI more efficiently than patients without the 
presence of these variants.

Lp-PLA2 
In this study we also investigated the effect of regimen 

measures (diet and exercise intervention) on the Lp-PLA2 mass 
concentration in a subset of 40 children (25 girls and 15 boys) 
with an average age of 12.4 years. The Lp-PLA2 mass concentra-
tion was 402.0 ± 93.7 μg/L before the intervention, 368.2 ± 104.7 
μg/L after the intervention. A statistically significant relationship 
was detected between the decrease in Lp-PLA2 values and TG 
levels (Fig. 1).

DISCUSSION

Reduction of weight, BMI, circumferences and skinfolds is the 
expected result of weight reduction programmes for children. Al-
though the recommended standard anthropometric measurements 
were not carried out (4 to 7 anthropometric points, anthropometry 
was not the primary objective of this study), statistically significant 
results were achieved. A significant decrease in both the systolic 
and diastolic blood pressures as well as heart rate is statistically 
remarkable. It is accepted that the results can be challenged on the 
basis of measurement uncertainty, in particular by the children’s 
decreased anxiety and fear of the measurements being taken 
(during the second measurement they were already aware of the 
procedures to be performed and knew the team in charge).

The decrease in insulin is very likely to be due to a decrease 
in insulin resistance associated with weight reduction in children, 
although the level of glycaemia was not affected likewise. 

The decline in cholesterolemia and triglyceridemia was deter-
mined by dietary interventions in the diet of children (18). Despite 
intense physical activity, a statistically significant increase in HDL 
cholesterol could not be expected in such a short period of time. 
In our group there was even a statistically significant decline. This 
effect is probably due to a decrease in total cholesterolemia shortly 
after the dietary intervention. Exercise over a longer period of 
time would be required to increase the levels of HDL cholesterol. 
A decline in GGT, as an indirect indicator of hepatic steatosis, 
could be a reduction indicator for hepatosteatosis development. 

When monitoring decreases in body weight, significant inter-
individual differences were found. As previously documented 
(19–23), the importance of the role of FTO rs17817449 and 
MC4R rs17782313 variants is similar to that in adult groups (17). 

Our study is the first to demonstrate the important role of the 
effects of FTO polymorphisms on changes to BMI in children 
after a short term intensive intervention programme. In our study, 
the children were almost completely isolated in a spa resort for 
a relatively short period of time. The amount of physical activity 
the individuals undertook was also much higher than in other 
studies. With 350 probands, it is one of the largest paediatric 
studies undertaken so far. 

Previous studies (9, 12, 21) have shown that the effect of FTO 
variant on BMI is similar regardless of the default BMI value. 
Each “risky” allele is associated with a 1.5/2 kg increase in body 
weight. We have proved that carriers of a risky allele respond 
better to lifestyle interventions and that a negative genetic predis-
position can be overcome by a similar intensive lifestyle change. 
Non-respondents diagnosed on the basis of the FTO and MC4R 
genotypes will require more intensive or prolonged therapy to 
achieve the same effect (17).

Lp-PLA2 is a candidate for being a new supplementary 
atherosclerosis risk marker (13, 19, 24). A significant decrease 
in Lp-PLA2 concentrations was associated with weight reduction 
in obese children as a result of caloric restriction and exercise. 
However, the concentrations remained above the values found 
in the healthy adult population. A possible explanation for this is 
the duration of the intervention and the lack of weight reduction. 
Further monitoring may show a larger decrease in BMI resulting in 
greater reductions in Lp-PLA2 concentrations. What this study has 
proved is that there is a clear effect from rapid weight reduction 
on metabolic risk factors for atherosclerosis along with markers 
of subclinical inflammation due to diet adjustment and physical 
activity. Atherosclerosis risk factors are closely associated with 
obesity and may already be present in childhood. 

There are no data on serum concentrations of Lp-PLA2 in 
children with normal weight in available literature, however, 
the observed set of children reported significantly higher levels 
compared to healthy adults. We can assume that childhood obesity 
affects the inflammatory response of the organism more signifi-
cantly than that in the adult population. This is probably due to 
the responsive immune system of children.

Changes in Lp-PLA2 concentrations after weight reduction 
were statistically significantly associated with a decrease in trig-
lyceride levels. This relationship is probably due to the fact that 
higher levels of plasma triglyceride are associated with a higher 
proportion of small dense LDL particles, which exhibit the high-
est Lp-PLA2 affinity. We detected a surprisingly insignificant 
correlation between Lp-PLA2 and apoB. This was probably due 
to the small number of individuals studied.

The results show that the spa treatment for children with severe 
atherosclerosis risk factors is effective and should become an inte-
gral part of the care of children at risk of premature atherosclerosis. 
The educational effect should also not be underestimated. The 
children learn healthy habits which they can implement in their 
home environment. It is necessary to continue to identify high-risk 
groups of children and adults (defined by either anthropometric, 
laboratory or genetic indicators) in which the early manifestation 
of atherosclerosis can be expected.Fig. 1. Connection of Lp-PLA2 values and TG (p < 0.05) (14).
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