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ABSTRACT 

Objectives: To create age- and sex-specific growth 
curves for serum lipids in Slovak children and ado- 
lescents, and to compare age- and sex-specific cut-off 
points with the currently recommended procedure 
using a single set of risk values for the whole child 
and adolescent population. Methods: Data were ex- 
tracted from a cross-sectional Slovak Lipid Commu- 
nity Study conducted in 2005-2007; 873 healthy chil- 
dren and adolescents aged 7 - 18 years were selected 
for this study. Smoothed percentile curves were gen- 
erated by LMS Pro software. Results: All lipid pa- 
rameters (except for total cholesterol and LDL-cho- 
lesterol in girls) were higher in puberty than in ado- 
lescence, with the lowest serum lipids between the 
ages of 15 and 16 years. Mean triglyceride levels were 
higher in girls than in boys in all age groups. At the 
age of 18 years, about 19% boys and 25% girls had 
borderline and 6% boys and 15% girls had elevated 
total cholesterol. Elevated triglyceride levels were 
seen in 13% of boys and 11% of girls while abnor- 
mally low levels of HDL-cholesterol were found in 17% 
of boys and 10% of girls. Conclusions: The results of 
this study suggest that 1) age and gender play a strong 
role in lipid measurements in children and adoles- 
cents, 2) Slovak children and adolescents have a rela- 
tive high proportion of abnormal lipid levels, and 3) 
age- and sex-specific cut-off points for serum lipids 
could be used to identify children and adolescents with 
an elevated risk of dyslipidemia in adulthood. 
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1. INTRODUCTION 

Dyslipidemia is considered to be one of the main risk 
factors for cardiovascular disease (CVD) 1. It is well 
known that abnormal lipid levels appear in childhood 
and may result in early atherosclerotic changes 2. From 
this point of view, the effort to diagnose and treat dyslip- 
idemia in children and youths is rationale. 

The National Cholesterol Education Program (NCEP) 
pediatric report issued a single set of cut-off points for 
children and adolescents aged 2 - 19 years that can be 
used to identify those with abnormal lipid levels of total 
cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C) 
and triglycerides (TG) 3. The Slovak Pediatric Society 
and Slovak Association of Atherosclerosis have recently 
made a similar step and published a single conformable set 
of cut-off points for Slovak children and adolescents 4. 

However, the fundamental problem here is that these 
currently recommended cut-off points do not take into 
account the fact that in the period of growth and matura- 
tion, there is a considerable variation in lipid concentra- 
tions, which is influenced by sex hormones, growth de- 
velopment and behavioral factors 5-7. 

In this study, we attempted to set up growth curves for 
routine lipid parameters (TC, LDL-C, HDL-C and TG) 
for boys and girls aged 7 - 18 and highlighted the advan-
tages of their use in predicting an elevated risk of dys- 
lipidemia in adulthood. 

2. MATERIALS AND METHODS 

Details of the study population, design, survey method, *Corresponding author. 
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and laboratory procedures have been described else- 
where 8. The key points are summarized below. 

2.1. Study Population 

The present study reevaluated the data from 873 healthy 
children and adolescents aged 7 - 18 that had been col- 
lected in a cross-sectional population based Slovak Lipid 
Community Study (SLCS, 2005-2007) 8,9. Their base- 
line clinical and lifestyle characteristics at the time of 
blood sampling are presented in Table 1. 

2.2. Laboratory Procedures 

Blood samples were obtained after overnight fasting. 
Serum levels of TC, HDL-C and TG were determined at 
the Central Clinical Laboratory at the F. D. Roosevelt 
Hospital (Banská Bystrica, Slovakia) by enzymatic me-
thods on an Olympus AU 2700 analyzer (Olympus Di-
agnostics Systems, Melville, NY, USA) as described 
previously 8. LDL-C was calculated from the Friede- 
wald formula: TC – HDL-C – TG/2.2 = LDL-C 10. 
Intra- and inter-assay coefficients of variation for the 
lipid measurements performed during the course of this 
study were 3%. 

2.3. Cut-Off Points for Abnormal Lipid Profile 

The cut-off points for serum lipid levels were based on 
the Slovak pediatric panel recommendations 4. TC lev- 
els were elevated if they were 4.85 mmol/l and border- 
line if between 4.10 - 4.85 mmol/l. LDL-C levels were 
considered elevated if they were 3.25 mmol/l and bor- 
derline if between 2.60 - 3.25 mmol/l. HDL-C levels 
were considered low if 0.85 mmol/l and borderline if it 
 
Table 1. Baseline clinical and lifestyle characteristics for Slo-
vak children and adolescents 7 - 18 of age. 

Parameter 
boys  

(n = 480) 
girls  

(n = 393) 
P-value

Age, years 12.6 (3.9) 12.6 (3.7) NS 

Body mass index, kg/m2 19.1 (4.0) 18.3 (3.8) 0.017 

Overweight and obesity, % 54 (11.4) 32 (8.1) NS 

Mean arterial pressure, 
mmHg 

82.5 (9.2) 78.4 (9.2) 0.001

Total cholesterol,  
mmol/l 

3.80 (0.77) 3.89 (0.70) NS 

LDL cholesterol, 
mmol/l 

2.23 (0.58) 2.27 (0.57) NS 

HDL cholesterol,  
mmol/l 

1.15 (0.28) 1.16 (0.28) NS 

Triglycerides, mmol/l 0.92 (0.48) 1.01 (0.47) 0.031 

Current smoking, % 59 (12.3) 35 (9.0) NS 

Low physical activity, % 165 (34.3) 165 (42.3) 0.001

Data are expresssed as mean (SD) or n (%). 

is between 1.10 - 0.85 mmol/l (boys) or 1.25 - 0.85 
mmol/l (girls). TG levels were considered elevated 1.5 
mmol/l and borderline between 1.15 - 1.50 mmol/l. 

2.4. Statistical Methods 

The results are presented as mean (SD) and selected per- 
centile values. Differences in continuous variables were 
tested using Student t-test for unpaired data, and differ- 
ences in categorical variables by 2-test. A P-value  
0.05 was considered significant. The LMS (Lambda, Mu, 
and Sigma) method was used for smoothed age- and 
sex-specific percentile curves (LMS Pro software, UCL 
Institute of Child Health, London, UK) 11. 

3. RESULTS 

The mean (SD) and empirical 50th, 75th, 90th and 95th 
percentiles of TC, LDL-C and TG (5th, 10th, 25th and 50th 
of HDL-C) by age and gender are summarized in Tables 
2-5. Figures 1(a), 2(a), 3(a), 4(a) present the smoothed 
percentile curves graphically for boys and Figures 1(b), 
2(b), 3(b), 4(b) present the smoothed percentile curves 
graphically for girls. The charts also show the elevated 
(as abnormal) and borderline elevated cut-off points from 
Slovak recommendations, as related to the age of 18 
years in our analysis. 

The TC growth curves for boys and girls had different 
trajectories. Whereas the male TC curves showed a clear 
increase in boys aged 11 - 14, the female curves declined 
during early children and puberty until the 15 - 16 of age 
 
Table 2. Age- and sex-specific percentile values for serum total 
cholesterol (mmol/l) for Slovak children and adolescents 7 - 18 
of age. 

Boys 
7 - 10  
years 

11 - 14  
years 

15 - 16 
years 

17 - 18 
years 

n 139 130 107 104 

Mean (SD) 3.75 (0.76) 4.12 (0.78) 3.63 (0.69) 3.66 (0.71)

50th percentile 3.71 4.08 3.59 3.60 

75th percentile 4.34 4.50 4.11 4.14 

90th percentile 4.76 5.26 4.52 4.63 

95th percentile 4.92 5.46 4.85 4.88 

Girls 

n 122 112 93 66 

Mean (SD) 3.98 (0.76) 3.95 (0.59) 3.59 (0.67) 4.08 (0.70)

50th percentile 3.92 3.90 3.64 4.03 

75th percentile 4.50 4.38 4.17 4.37 

90th percentile 4.97 4.90 4.56 4.83 

95th percentile 5.49 5.00 4.83 5.68 
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Table 3. Age- and sex-specific percentile values for serum LDL 
cholesterol (mmol/l) for Slovak children and adolescents 7 - 18 
of age. 

Boys 
7 - 10  
years 

11 - 14  
years 

15 - 16  
years 

17 - 18 
years 

n 139 130 107 104 

Mean (SD) 2.22 (0.55) 2.40 (0.66) 2.10 (0.52) 2.14 (0.52)

50th percentile 2.25 2.34 2.11 2.13 

75th percentile 2.55 2.67 2.49 2.57 

90th percentile 2.96 3.25 2.80 2.90 

95th percentile 3.20 3.68 3.02 3.00 

Girls 

n 122 112 93 66 

Mean (SD) 2.45 (0.63) 2.25 (0.51) 2.01 (0.54) 2.40 (0.51)

50th percentile 2.36 2.27 1.99 2.32 

75th percentile 2.71 2.56 2.37 2.68 

90th percentile 3.27 2.95 2.72 3.16 

95th percentile 3.89 3.30 3.18 3.39 

 
Table 4. Age- and sex-specific percentile values for serum 
HDL cholesterol (mmol/l) for Slovak children and adolescents 
7 - 18 of age. 

Boys 
7 - 10  
years 

11 - 14  
years 

15 - 16  
years 

17 - 18 
years 

n 139 130 107 104 

Mean (SD) 1.13 (0.29) 1.27 (0.28) 1.09 (0.26) 1.07(0.25)

5th percentile 0.66 0.85 0.73 0.68 

10th percentile 0.76 0.92 0.81 0.79 

25th percentile 0.91 1.07 0.90 0.87 

50th percentile 1.16 1.25 1.06 1.06 

Girls 

n 122 112 93 66 

Mean (SD) 1.10 (0.31) 1.22 (0.26) 1.16 (0.23) 1.22 (0.30)

5th percentile 0.66 0.87 0.75 0.79 

10th percentile 0.74 0.95 0.82 0.86 

25th percentile 0.89 1.04 1.00 0.97 

50th percentile 1.07 1.19 1.14 1.21 

 
before a strong increasing to approach adult TC concen- 
trations. On the basis of diagnostic criteria for dyslipi- 
demia in Slovakia, about 19% of boys and 25% of girls 
had borderline elevated and 6% of boys and 15% of girls 
had elevated TC at the age of 18. 

Serum LDL-C for both boys and girls followed the 

Table 5. Age- and sex-specific percentile values for serum 
triglycerides (mmol/l) for Slovak children and adolescents 7 - 
18 of age. 

Boys 
7 - 10  
years 

11 - 14  
years 

15 - 16  
years 

17 - 18 
years 

n 139 130 107 104 

Mean (SD) 0.86 (0.43) 0.96 (0.48) 0.92 (0.45) 0.99 (0.58)

50th percentile 0.76 0.86 0.83 0.84 

75th percentile 1.01 1.16 1.12 1.22 

90th percentile 1.37 1.61 1.60 1.76 

95th percentile 1.60 1.83 1.74 2.13 

Girls 

n 122 112 93 66 

Mean (SD) 0.96 (0.43) 1.07 (0.54) 0.97 (0.42) 1.04 (0.42)

50th percentile 0.89 0.97 0.88 0.95 

75th percentile 1.05 1.24 1.11 1.20 

90th percentile 1.48 1.58 1.50 1.74 

95th percentile 1.80 2.08 1.74 2.01 

 
similar age-related trend as that for TC, but in girls its 
decline was much more obvious. Fifteen percent of boys 
and 21% of girls had borderline elevated while 3% of 
boys and 8% of girls showed elevated LDL-C at the age 
of 18. 

HDL-C serum levels are higher in boys than in girls 
during puberty. After the end of puberty, HDL-C levels 
in boys decreased considerably whereas in girls the val- 
ues gradually increase mildly from puberty to adulthood. 
The borderline low serum levels of HDL-C were found 
in 45% of boys and 57% of girls and abnormal low levels 
in 17% of boys and in 10% of girls at the age of 18. 

Serum levels of TG temporarily increase both in boys 
and girls during early childhood and puberty and subse- 
quently fall slightly. A pronounced increase appears at 
the age of 17 - 18, especially in boys. Overall, however, 
girls had significantly higher mean TG levels than boys. 
Seventeen percent of boys and 13% of girls had border- 
line elevated and 13% of boys and 11% of girls had ele- 
vated TG serum levels at the age of 18. 

4. DISCUSSION 

In this study we establish for the first time the smoothed 
growth curves for TC, LDL-C, HDL-C and TG in the 
healthy Slovak population of 873 children and adoles- 
cents aged 7 - 18 years. The growth curves demonstrate 
that serum lipids change dynamically during puberty and 
adolescence, often in a different manner between boys 
and girls. In addition, the reference values derived from    
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(a)                                                             (b) 

Figure 1. (a) Smoothed percentile curves for serum total cholesterol for Slovak boys 7 - 18 years of age: 94th and 75th percentile 
curve passes through 4.85 and 4.10 mmol/l respectively at 18 years. (b) Smoothed percentile curves for serum total cholesterol for 
Slovak girls 7 - 18 years of age: 85th and 60th percentile curve passes through 4.85 and 4.10 mmol/l respectively at 18 years. 
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(a)                                                             (b) 

Figure 2. (a) Smoothed percentile curves for serum LDL cholesterol for Slovak boys 7 - 18 years of age: 97th and 82nd percentile 
curve passes through 3.25 and 2.60 mmol/l respectively at 18 years. (b) Smoothed percentile curves for serum LDL cholesterol for 
Slovak girls 7 - 18 years of age: 92nd and 71st percentile curve passes through 3.25 and 2.60 mmol/l respectively at 18 years. 
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(a)                                                             (b) 

Figure 3. (a) Smoothed percentile curves for serum HDL cholesterol for Slovak boys 7 - 18 years of age: 17th and 62nd percentile 
curve passes through 0.85 and 1.10 mmol/l respectively at 18 years. (b) Smoothed percentile curves for serum HDL cholesterol for 
Slovak girls 7 - 18 years of age: 10th and 67th percentile curve passes through 0.85 and 1.25 mmol/l respectively at 18 years. 
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(a)                                                             (b) 

Figure 4. (a) Smoothed percentile curves for serum triglycerides for Slovak boys 7 - 18 years of age: 87th and 70th percentile curve 
passes through 1.5 and 1.15 mmol/l respectively at 18 years. (b) Smoothed percentile curves for serum triglycerides for Slovak girls 7 
- 18 years of age: 89th and 76th percentile curve passes through 1.5 and 1.15 mmol/l respectively at 18 years. 
 
these curves enable to identify the same proportion of 
children and adolescents with an elevated risk of dyslip- 
idemia at each age. 

During childhood, the serum TC and TG levels tend to 
be lower than during adulthood 12. However, TC and 
TG levels in children and adolescents increase physio- 
logically and such a disproportional increase is related to 
the higher risk of atherosclerosis and CVD in adulthood. 
The studies which investigate approximately the same 
age group as our study usually describe a characteristic 
bimodal distribution of both TC and TG levels. The first 
considerable increase in TC and TG levels appears in 
puberty, and the second increase of TC and TG can be 
seen at the end of adolescence. 

More recently, in the National Health and Nutrition 
Examination Survey (NHANES, 1988-2010) report the 
data describing lipid profile in children aged 6 - 19 have 
shown that children between 9 to 11 years old had the 
highest mean TC level among all the age groups 13. 
Similar age-related TC distribution but with much lower 
mean TC levels than in US children have been reported 
in non-obese Indian schoolchildren of Delhi age of 6 - 17 
14. 

TG is the serum lipid group with the largest short- and 
long-term variability 15. From the age of 1 its levels 
already begin to increase, which is said to be related to 
the increasing proportion of carbohydrates (particularly 
sucrose and fructose) in children’s diet 16. Data com- 
piled from several renowned American population stud- 
ies have uncovered bimodal fluctuation of serum TG 
levels in girls with the initial peak at the age of 11 and 
the second peak at the age of 20, while in boys serum TG 
increased with age in a linear manner 17. 

The increase of both TC and TG levels during puberty 
may be a result of the increased insulin resistance that 

appears in children during early puberty 18. In our 
study, both mean TC and TG levels in boys and TG lev- 
els in girls were highest at 11 - 14 years and thereafter 
their levels decreased by 5% - 15% among adolescents 
aged 15 - 16 years. The fact that mean TC levels meas- 
ured by us are considerably lower in comparison with the 
values measured in the US children may be related to 
race/ethnicity differences, behavioral or environmental 
factors, or it may be caused by the differences in the me-
thods employed. Overall, however, a favorable trend in 
serum lipid concentrations was observed among US 
youths and adults over recent decades 13,19. 

LDL-C is the major atherogenic fraction of lipopro- 
teins with which the primary prevention and hypolipi- 
demic therapy is concerned 20. The dynamics of LDL- 
C changes during puberty and adolescence more or less 
mirror the changes in TC levels, since LDL transports 
approximately 50% - 60% of the cholesterol in serum 
during childhood. In the present study, the changes in 
LDL-C levels become much more closely related to TC 
levels in younger, male-gendered subjects. This finding 
also corresponds with the larger discrepancy between the 
prevalence of elevated and borderline elevated values of 
LDL-C and TC in girls. However, we cannot provide a 
reliable explanation for the initially high and then stead- 
ily declined serum levels of TC and LDL-C in girls dur- 
ing the juvenile and pubertal period. 

Low HDL-C is a risk factor for CVD independently of 
levels of LDL-C 21. It is well known that men tend to 
have noticeably lower HDL-C levels than women 22. 
In children it does not necessarily have to be that clear. 
For example, in a sample of 420 children from Istanbul 
aged 0 - 15 there was no considerable difference proven 
between HDL-C levels in boys and in girls 23. Inter- 
estingly, these levels were relatively stable in both gen- 
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ders after the age of 1. In our study, the mean HDL-C 
levels in children aged 7 - 18 was also the same for both 
sexes. However, our data imply that HDL-C levels were 
higher in boys during puberty, while in girls they were 
higher in adolescence; optimal serum HDL-C levels were 
found in 36% subjects only. Similarly to other studies, 
we showed that men are at greater risk of having dan- 
gerous low HDL-C levels than women 22. 

The presented age- and sex-related findings about the 
dynamics of changes in serum lipid levels are of great 
importance in the optimal timing and the choice of a sin- 
gle set of cut-off points for the screening of dyslipidemia 
in a whole population of children and adolescents. 

The Slovak pediatric panel has published a single set 
of cut-off points which should be used to identify chil- 
dren and adolescents with abnormal and borderline levels 
of TC, LDL-C, HDL-C and TG; there are lower than 
cut-off points based on the NCEP pediatric guidelines 4. 
Furthermore, the recommendations propose a universal 
TC screening for children 11 and 17 of age. The imple- 
mentation of this national strategy for TC is illustrated in 
Figures 5(a) and (b). 

It is clear that the currently stipulated single cut-off 
point(s) for (borderline) elevated TC does not reflect the 
physiological changes in serum TC levels which appear 
in boys and girls at a given age. For example, the preva- 
lence of elevated TC in puberty children was 14.0% for 
Slovak fixed-point recommendations or 5.3% for age- 
and sex-specific threshold values derived from SLCS 
growth curve data. From another source, Ministry of 
Health of the Slovak Republic in 2009-2011 performed a 
universal screening of elevated serum TC in sample of 8 
689 children of age 11 and 17 years. Based on the current 

recommendations, the relative risk (RR) of an elevated 
TC level is nearly 2 times higher (RR 1.685, 95% CI 
1.514 - 1.876) in children during puberty than in adoles- 
cents (unpublished observations). In our opinion, such 
risk prevalence disproportion is improbable because both 
age groups always come from the same population sam- 
ple, and none of the adolescent subjects took hypolipi- 
demic medication. 

Age-based percentile distributions are commonly used 
to define risk presence for both hypertension and over- 
weight 24,25. In this study, we provide the age- and 
sex-specific cut-off points for the distribution of TC for 
Slovak children and adolescents (Table 6). They facili- 
tate the identification of hypercholesterolemia more ef- 
fectively than the currently fixed-points recommenda- 
tions. Several authors share this opinion with us. To sum 
up: 1) the age- and sex-specific threshold values reflect 
the natural fluctuation of serum lipids that occur with 
growth and maturation, 2) the reference values from the 
growth curves enable to identify the same proportion of 
at-risk children at each age, and 3) children usually keep 
their percentile distribution ranking the same which en- 
ables to foresee the changes in their lipid levels until 
young adult age 26,27. As pointed out by Friedman et 
al. 28 the sensitivity and specificity of serum lipids for 
predicting adult lipid and CVD status vary with the age 
(mainly in the pubertal period) at which the pediatric 
lipid determination was made. 

However, the growth curves presented here have two 
potential limitations which we should recognize. There 
was a cross-sectional analysis of existing data and we 
examined a relatively small number of children and ado- 
lescents. The strength of this study resides in the meas-  
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(a)                                                             (b) 

Figure 5. (a) Smoothed percentile curves for serum total cholesterol for Slovak boys 7 - 18 years of age. The dashed lines represent a 
universal cut-off points and arrows indicate the age period when serum lipid measurement should be made (based on the Slovak Pe-
diatric Society recommendations). (b) Smoothed percentile curves for serum total cholesterol for Slovak girls 7 - 18 years of age. The 
dashed lines represent a universal cut-off points and arrows indicate the age period when serum lipid measurement should be made 
(based on the Slovak Pediatric Society recommendations). 
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Table 6. Age- and sex-specific cut-off points derived from growth curves for serum total cholesterol (mmol/l) and corresponding 
percentile values for Slovak children and adolescents 7 - 18 of age. 

Boys Girls 
Age, y. 

borderline 75th percentile abnormal 94th percentile borderline 60th percentile abnormal 85th percentile 

7 4.19 4.78 4.20 4.81 

8 4.26 4.92 4.19 4.79 

9 4.33 5.04 4.15 4.73 

10 4.45 5.21 4.12 4.65 

11 4.58 5.35 4.08 4.62 

12 4.62 5.39 4.05 4.57 

13 4.50 5.24 4.00 4.52 

14 4.37 5.11 3.88 4.42 

15 4.17 4.86 3.81 4.35 

16 3.98 4.70 3.82 4.33 

17 4.01 4.74 3.96 4.52 

18 4.10 4.85 4.10 4.85 

 
urement of lipid parameters in a few analytical runs at 
the same Central Clinical Laboratory (F. D. Roosevelt 
Hospital). 

5. CONCLUDING REMARKS 

This study presents a series of growth distribution curves 
describing the dynamic changes in serum lipids in chil- 
dren during puberty and adolescence. Our findings indi- 
cate that using the age- and sex-specific cut-off points 
facilitates the detection of dyslipidemia in a more effec- 
tive way than the currently recommended strategy based 
on the same threshold values for the whole child and 
adolescent population. However, further prospective stu-
dies will have to be done to validate our findings and to 
obtain representative reference values for our popula- 
tion. 
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