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Introduction

ABSTRACT

Background. There is a link between lipid disorders and body mass and the occurrence of cardiovascular
diseases. This study aimed at establishing the prevalence of lipid abnormalities in relation to body mass
in children aged 9-11.

Materials and methods. The study involved 232 presumably healthy school children aged 9-11. Fasting
venous blood samples were taken from every child to assess the lipid profile: total cholesterol (TC), LDL
cholesterol (LDL-C, direct measurement), HDL cholesterol (HDL-C) and triglycerides (TG). Anthropometric
measurements were performed including height and weight, followed by calculating the body mass index
(BMI) by using an online “OLAF" calculator.

Results. The prevalence of hypercholesterolemia and an elevated concentration of LDL-C in the group of
children was high and equaled 51.1% and 34.6%, respectively. Hypertriglyceridemia in the respective age
groups of 9 and 10-11 years was found to be: 41.6% and 27.7%. Only in 9.5% of children the level of HDL-C
was lower than optimal. The percentage of overweight was two-fold higher among boys than in girls (13.6 v.
6.9%), similarly the percentage of obesity was higher in boys compared with that in girls (15.5 v. 10.3%).
Conclusions. In school children aged 9-11 the dominant and most frequent lipid abnormality, not associated
with an increased body mass, was hypercholesterolemia followed by hypertriglyceridemia. Overweight
and obesity were strongly related to gender and much more frequent among boys. There should be
more attention paid to dyslipidemia and body weight already in childhood in the context of health policy
and prevention.
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familial hypercholesterolemia (FH) should have lipid pro-
file tests performed fasting (10-12 h after the last meal).

The concentration of total cholesterol (TC) and
low-density lipoprotein cholesterol (LDL-C) fraction during
the first week after birth is higher compared with fetal life
and gradually increases till the second year of life [1, 2].
During the next years of life the lipid profile remains
stable until the age of puberty. To avoid biased results,
lipid screening should not be performed at puberty due
to the hormonal changes. Screening for lipid profile in
children aged 9-11 is considered an optimal tool for an
early identification of subclinical atherosclerosis. It can
help children diagnosed with genetically determined
hypercholesterolemia by implementing proper medical
treatment. Children aged 2-11 with already diagnosed

Laboratory test should be done twice within 2-3 weeks
for establishing the average concentrations of the two
measurements. Whether the lipid screening is pertinent
or not is still being widely disputed. However, American
Academy of Pediatrics (AAP), in its latest recommenda-
tions, emphasized the need for screening of lipids in chil-
dren (aged 2-10) being at risk of cardiovascular disease
(CVD). According to AAP, the risk factors that indicate the
need for early lipid tests in children are: BMI (body mass
index) > 85 percentile, BP (blood pressure) > 95 percen-
tile; family history of CVD diseases: <55 years (for women)
and < 65 years (for men) and also familial dyslipidemia,
diabetes and exposure to tobacco smoke [1, 3, 4].
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Table 1. Distribution of children under study according to age and gender

Age (years) Girls Boys Total
Number (%) Number (%) Number

9 38 49.4 39 50.6 77

10 52 55.3 42 44.7 94

11 30 49.2 31 50.8 61

Total 120 51.7 112 48.3 232

Table 2. Currently accepted cut-off values of lipids for children and teens (according to NCEP — National Cholesterol

Education Program) [1]

Parameter Age category Acceptable values Borderline limits High values
(years) [mg/dL] [mg/dL] [mg/dL]
TC 0-19 <170 170-199 > 200
HDL-C 0-24 > 45 35-45 -
LDL-cholesterol 0-19 <110 110-129 >130
TG 0-9 <75 75-99 >100
10-19 <90 90-129 >130

TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TG — triglycerides

Cardiovascular diseases represent a major cause of
diseases in adulthood in most developing countries. One
of the most common and dangerous causes of CVD is
a growing epidemic of overweight and obesity. According
to WHO (World Health Organization), each year 2.8 million
people die as a result of overweight or obesity [5]. More-
over, together with increasing BMI the risk of CVD as well
as type 2 diabetes increases. In 2008, according to WHO,
35% of people worldwide were considered overweight
based on BMI > 25 kg/m?[5, 6]. Problems with overweight
and obesity in adulthood derive from the same problems
in childhood. Many overweight children will become
obese adolescents and, consequently, obese adults with
an already higher risk of CVD. Although CVDs are very
rare in children, certain risk factors observed in childhood
can increase the risk of such diseases in adulthood. Ath-
erosclerotic changes were found in post-mortem studies
of children and youth. Early atherosclerotic lesions in
the vessels were described as “fatty streaks” [7, 8].
They may already appear in the fetal blood ves-
sels. Findings from the Polish study “OLAF” conducted
between 2007-2011 have shown that 18.6% of boys and
14.5% of girls aged 7—18 were overweight or obese [9].
According to the “OLAF” project overweight and obe-
sity affect approximately 22% of boys and 18% of girls
in primary schools; this prevalence is slightly lower
in secondary schools (15% of boys and 12% of girls,
respectively). The study conducted by WHO clearly
shows that the rate of mortality increases with an increase
of obesity rate [5, 10].

The aim of this study was to evaluate the occurrence
of hyperlipidemia in school children aged 9-11 in the

Kuyavian-Pomeranian region. Additionally, a relation-
ship between body mass index and lipid abnormalities
was assessed.

Subjects, materials and methods

The study involved 232 school children (aged 9-11)
from the Kuyavian-Pomeranian voivodeship. The sub-
jects were divided according to gender. There were
120 girls (51.7%) and 112 boys (48.3%). The number
of subjects taking part in the study divided according
to age and sex is presented in Table 1. Fasting blood
samples were collected from every child for biochemical
analysis. Laboratory tests were done for 231 subjects
to measure particular components of the lipid profile:
total cholesterol (TC), HDL and LDL cholesterol as
well as triglyceride levels (TG) with the use of clinical
chemistry analyzer ABX Pentra 400 (Horiba Medical);
LDL-C was analyzed using a direct method. The lipid
levels were not measured in one boy aged 10 due to
an insufficient sample volume. Reference ranges or cut-
off values for individual components of the lipid profile
in children are shown in Table 2 in accordance with
The National Heart, Lung and Blood Institute (NHLBI)
guidelines [11]. Anthropometric measurements (height
and weight) were conducted on 226 children (116 girls
and 110 boys) by using a medical digital scale with
stadiometer. Body mass index (BMI) percentiles of
226 children were calculated by means of an online
BMI calculator (based on the OLAF project). The BMI
percentiles classification was performed in accordance
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with the up-to-date guidelines of the International Obesi-
ty Task Force (IOTF); underweight: BMI < 5; overweight:
BMI > 85 and < 95; obesity: BMI > 95 [12]. The study
was approved by the Collegium Medicum Bioethics
Committee (at the Nicolaus Copernicus University).
Parental consent forms were obtained before the study.

Results

The study group (232 children) was divided into
three age categories: group 1 (9 yrs), group 2 (10 yrs)
and group 3 (11 yrs). Table 3 shows the average
concentrations of lipid parameters according to age
in children under study. The highest average TC con-
centration, 173 = 23 mg/dL, was observed in group 1.

The highest TC value, 315 mg/dL, was recorded in
group 2. In none of the age groups the mean LDL-C
concentration was above the accepted cut-off value
of 110 mg/dL, however, in the group of 10-year-old
children the highest individual value of 253 mg/dL was
recorded. In all three age groups the average HDL-C
concentration was higher than the cut-off value of
45 mg/dL. The lowest individual HDL-C was observed
in the group of 9-year-old children (29 mg/dL). Mean
TG level only in the children aged 9 was slightly higher
(80 = 45 mg/dL) than the accepted cut-off. The highest
individual TG value of 277 mg/dL was observed in the
group of children aged 10.

The average values of TC, HDL-C, LDL-C and TG
divided by sex and age are presented in Table 4 and 5.
Elevated average TC concentrations, independent

Table 3. Average concentrations of lipid parameters in mg/dL according to age in children under study (mean = SD;

min—-max)

Age (years) TC LDL-C HDL-C TG

9(n=77) 173 £ 23 104 = 21 60 = 13 80 = 45
(132-243) (67-168) (29-107) (27-244)

10 (n = 94) 172 = 31 102 £ 29 59 + 13 83 £ 45
(112-315) (53-253) (30-96) (32-277)

11 (n = 61) 166 + 31 96 + 26 61+ 16 79+ 35
(115-239) (23-154) (33-146) (29-190)

TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TG — triglycerides

Table 4. Average concentrations of lipids in mg/dL in girls according to age

Age (years) TC LDL-C HDL-C TG

9 172 + 21 108 + 18 57 = 11 83 = 49
(118-218) (54-140) (29-88) (28-244)

10 172 + 32 102 + 31 60 = 11 78 = 31
(112-315) (53-253) (39-90) (33-180)

11 167 + 34 92 + 29 64 = 20 83 = 34
(115-239) (23-154) (33-146) (44-188)

All 171 £ 29 101 + 27 60 *+ 14 81 + 38
(112-315) (23-253) (29-146) (28-244)

TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TG — triglycerides

Table 5. Average concentrations of lipids in boys according to age

Age (years) TC LDL-C HDL-C TG

9 174 + 27 101 = 24 63 + 14 76 = 41
(133-243) (67-168) (36-107) (27-205)

10 173 = 31 103 = 27 57 =15 89 = 57
(121-245) (63-179) (30-96) (32-277)

11 165 + 28 99 =23 59 = 11 75 =37
(116-230) (55-143) (40-78) (29-191)

Al 171 £ 29 101 £ 25 60 = 14 81 =47
(116-245) (54-179) (30-107) (27-277)

TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TG — triglycerides
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Table 6. Distribution of body mass in children included in the study according to BMI percentiles

Age Sex BMI — category [percentiles]
(vears) [N]/% Low body mass Optimal body mass Overweight Obesity
[BMI < 5] [BMI>5 [BMI > 85 [ 95]
and < 85] and < 95]

9 Girls 2(5.4) 27 (73.0) 2(5.4) 6 (16.2)
Boys ~ L 2(61) 24 (61.5) 7 (18.0) 6 (15.4)

10 Girls % :-fa 4 (8.0) 39 (78.0) 3(6.0) 4 (8.0)
Boys g E, 4 (10.0) 22 (55.0) 4 (10.0) 10 (25.0)

11 Girls = E’ 2(6.9) 22 (75.9) 3(10.3) 2(6.9)
Boys 0(0) 26 (83.9) 4 (12.9) 1(3.2)

BMI — body mass index

Table 7. Percentage of increased lipid concentrations and frequency of overweight and obesity in children under study

Sex BMI [percentiles]

% of increased individual lipid concentrations

BMI < 95 BMI > 95 TC
and > 85 (obesity, %) =170 mg/dL
(overweight, %) (%)

Girls 6.9 10.3 51.7

Boys 13.6 15.5 50.5

All 10.2 12.8 51.1

LDL-C HDL-C TG

>110mg/dL <45 mg/dL  0-9 yrs: > 75 mg/dL (%)
(%) (%) 10-19 yrs: > 90 mg/dL (%)
35.8 9.2 32.6

33.3 9.8 36.9

34.6 9.5 34.7

BMI — body mass index; TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol;

TG — triglycerides

of gender, were found in groups of 9- and 10-year-old
children. Similarly, elevated mean TG concentrations
that seemed to be gender-independent were recorded
in the group of children aged 9.

Table 6 presents absolute values and percentages
for individual body mass categories according to BMI
percentiles by age and sex. Following the BMI percentile
values, the occurrence of overweight in girls was lower
in all age groups compared with boys. However, the
occurrence of obesity was much lower only in 10-year-
old girls (8.0 v. 25.0%, respectively). Interestingly, the
percentage of obesity in 11-year-old boys was more
than two-fold lower in comparison with girls of the same
age (3.2 v. 6.9%, respectively).

The occurrence of overweight and obesity and the
percentage of increased lipid values among girls and
boys are presented in Table 7. In girls aged 9-11 the
proportion of overweight was much lower than in boys
(6.9 v. 13.6%). Similarly, the proportion of obesity was
lower in girls compared with boys (10.3 v. 15.5%).

Hypercholesterolemia was found in 51.1% of all
children and decreased HDL-C (< 45 mg/dL) in 9.5% of
all children. Abnormal TG concentrations were recorded
more frequently in boys than in girls (36.9 v. 32.6%,
respectively). In girls with increased body mass (> 85
percentile) the percentage of hypercholesterolemia or
hypertriglyceridemia, merely, was 25% and 10%, re-

spectively. Interestingly, in girls with normal body mass
the percentage of hypercholesterolemia only was higher
(35.1%). Among boys with an increased body mass
the percentage of hypercholesterolemia and hypertri-
glyceridemia only was as follows: 18.8% and 21.9%.
Similarly, in boys with normal body mass the percent-
age of hypercholesterolemia only was almost two-fold
higher (34.5%).

Discussion

Epidemiological studies conducted in many
countries (including Poland) show that the number of
children with excessive body mass and accompanying
dyslipidemia has increased significantly [13]. This con-
dition is usually caused by improper diet and a lack of
physical activity. An abnormal lipid profile in children
under 2 years of age is most commonly related to a ge-
netic mutation which defines such a disorder as familial
hypercholesterolemia (FH) [13]. Itis estimated that over
30% of obese preschoolers and almost 80% of obese
teenagers are likely to become obese adults [14]. Obe-
sity among 6-year-old children puts them at 25 percent
risk of developing obesity in adulthood [15]. Obesity
in 12-year-old children increases the risk of being an
obese adult by 75 percent [14, 16]. In our study con-
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ducted within the Kuyavian-Pomeranian voivodeship
we have found that the occurrence of overweight and
obesity among 9-11-year-old school children was 23%.
It shows that almost every fourth child had excessive
body mass. These data are comparable to the results
from the Institute of Mother and Child (Poland) showing
that nearly 22% of children aged between 11-12 are
overweight including obesity [17, 18]. Epidemiological
data indicate that in Poland, in the school year 2009-
2010, the percentage of obese and overweight children
aged between 6-19 was 16.4% (18.7% boys and 14.3%
girls) [9]. In 2010, the Institute of Mother and Child
conducted the study in five different voivodeships in
Poland which revealed that children aged 9 had a prev-
alence of obesity equal to 19% among girls and 17%
among boys. According to the “OLAF” study, carried
out in Poland in 2007-2010, in children aged 7-18, the
prevalence of overweight and obesity equals 18.6%
among boys and 14.5% among girls. Altogether in the
“OLAF” study the prevalence of overweight and obesity
in children was 20% [7]. In our study, the occurrence of
overweight and obesity in 9-11-year-old girls was also
lower than among boys. Gender differences related to
obesity occurrence observed by us are more similar to
those found in the “OLAF” study.

Hypercholesterolemia was the dominant lipid abnor-
mality in children under this study. It should be stressed
that the presence of hypercholesterolemia was not
significantly associated with an increased body mass
in children. It was identified in more than half of all the
children (51.1%). The average TC concentration was the
highest in the youngest children, whereas the lowest
was recorded in the 11-year-olds. Similarly, the highest
average LDL-C was found in the group of 9-year-old
children and the lowest was observed in the 11-year-
olds. In the Kuyavian-Pomeranian voivodeship in 2006
—2011, the lipid profile was assessed for the “Regional
Programme of Overcoming Children and Adolescence
Obesity” in children aged 2—18. Altogether, 300 children
participated in the study. The occurrence of hypercho-
lesterolemia was 39.0% (32/82) in 7-10-year-olds and
40.3% (54/134) in 11-14-year-olds. The total prevalence
of hypercholesterolemia in the “Programme of Over-
coming Children and Adolescence Obesity” among
children aged 2-18 was 34% (102/300). In our study
performed in 2015 in the same region, the occurrence
of hypercholesterolemia in 9-11-year-old children was
higher [16, 19, 20].

While hypercholesterolemia seemed to occur more
frequently among girls, hypertriglyceridemia, the second
characteristic feature of lipid abnormalities in children
aged 9-11, was found more frequently in boys. As our
study indicates, in the Kuyavian-Pomeranian voivode-
ship the prevalence of overweight and obesity is not
decreasing but, on the contrary, it is on the increase

in comparison with the same studies carried out in the
last few years. Considering this phenomenon to be just
a harmless temporary state is in fact dangerous for the
health and life of obese children. Excessive body mass
leads to a whole range of disorders such as metabolic
syndrome, diabetes mellitus type 2 and hypertension
that until now were only seen in adults. Parents must
be aware that although overweight and obesity seem
relatively harmless, they carry a huge risk for their
children’s health, such as lipid abnormalities observed
in this study. Health-promoting policy should embrace
the introduction of a set of appropriate preventive and
medical actions in all areas of child care. Pathological
conditions of blood vessels in the form of fatty streaks
can even disappear with the change of lifestyle, and
consequently delay or preclude the development of
atherosclerotic changes [3, 15, 12, 21, 22].

Conclusion

In school children 9-11 years of age the dominant
and most frequent lipid abnormality, not always asso-
ciated with an increased body mass, was hypercholes-
terolemia followed by hypertriglyceridemia. Overweight
and obesity were strongly related to gender and much
more frequent among boys. There should be more at-
tention paid to dyslipidemia and body weight already in
childhood in the context of health policy and prevention.
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