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Original Research Article

What’s known on this subject?
Atherosclerotic plaques are known to start in child-
hood due to high levels of cholesterol. Therefor 
young adults may be affected by coronary artery dis-
ease. Children with known risk factors, such as 
genetic predisposition, including familial hyperlipid-
emias, diabetes, and renal diseases, are at higher risk. 
With childhood obesity becoming increasingly more 
common this cholesterol levels are further high-
lighted as an important issue affecting children’s 
health. There are unclear recommendations regarding 
cholesterol screening in children and when to initiate 
hyperlipidemia treatment. It is of importance that 
measurements of cholesterol in children are reliable 
as to refer to further follow-up at a specialist.

What this study adds?
The present study adds the current state of choles-
terol level in children living in a developed country. 
In addition, the reliability of repeated measures as 

well as the cut-off value as a mean to screen children 
for familiar hypercholesterolemia are questioned.

Introduction

Hypercholesterolemia is a risk factor for atherosclerosis 
and cardiovascular diseases (CVD) in adults.1 Several 
studies have established that atherosclerosis may start to 
develop already in childhood, with deposits detectable 
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Abstract
Early stages of atherosclerosis may develop in childhood due to hyperlipidemia. The aims are to investigate the 
prevalence of familiar hypercholesterolemia in 6 to 12-year-old children and to study the deviation in cholesterol 
measures. Anthropometric data and venous blood were collected from children participating in the Health 
Oriented Pedagogical Project (HOPP). Out of 18 children with TC > 6.0 mmol/L, 15 were tested genetically and 
none diagnosed with FH. The prevalence of TC > 6.0 mmol/L declined from 1.3% in 2015 to 0.5% in 2016. The mean 
TC was 4.30 mmol/L both years, which is lower than in earlier studies. Usage of a single TC measurement and a 
threshold of TC > 6.0 mmol/L in screening children for FH, may not be a good screening strategy. While lipid values 
have a good reliability across 2 measurements, there are variations in individual TC levels across 1 year.
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from early ages.2 High serum cholesterol, high levels of 
low-density lipoproteins (LDL) and overweight may 
lead to increased risk of CVD, disability and death.3 
Several studies display findings of overweight and obe-
sity4 high serum cholesterol levels5 and several studies 
have linked child cholesterol levels with risk of CVD in 
adults.6 Hypercholesterolemia is mainly caused by life-
style related factors as overweight, smoking, lack of 
physical activity or a combination of the above and are 
treated using statins.

In addition, the prevalence of genetic familiar hyper-
cholesterolemia (FH) in the population is approximately 
1 in 200 to 300 individuals.7 Routine screening in chil-
dren has been suggested8 but there are no generally 
accepted screening programs for FH in children and 
adolescents.9 Most children diagnosed with FH are diag-
nosed through family cascade screening.10 Statin use in 
Norwegian children is increasing and higher in Norway 
than other scandianvian countries.10 To optimize screen-
ing strategies, its important to evaluate the effectiveness 
of high serum cholesterol as a predictor of FH in chil-
dren. In addition, more knowledge on how serum lipids 
vary over time in healthy children is needed.

The aims of this study are to investigate the preva-
lence of hypercholesterolemia and FH as well as to 
investigate measurement variation in serum lipids lev-
els, in healthy 6 to 12-year-old children.

Methods

The data in this study was collected from the Health 
Oriented Pedagogical Project (HOPP)—a longitudinal 
controlled school-based physical activity intervention 
program.11 The Regional Committees for Medical and 
Health Research Ethics approved the study protocol 
(2014/2064/REK sør-øst) on 9 January 2015. The study 
is registered as a clinical trial (ClinicalTrials.gov 
Identifier: NCT02495714). All children included in the 
study provided written parental consent.

Data Collection

Children aged 6 to 12 years old from 9 elementary 
schools in the south-east part of Norway were invited to 
participate. Venous blood and anthropometric data were 
collected, and children with a recent infection were 
excluded. In 2015, 2271 (81% of population) were 
tested, with 1340 (48%) consenting to blood sampling. 
In 2016, 2109 (75% of population) were tested, with 
1167 (42%) consenting to blood sampling. In total 1051 
sampled blood both years. Most children were 
Caucasian, and age of each child was defined at the day 
of venepuncture. Blood samples were collected in the 
non-fasting state between 8:00 a.m. and 1:30 p.m., and 

strenuous exercise prior to collection was avoided. Total 
cholesterol (TC) and high-density lipoprotein (HDL) 
cholesterol were analyzed on Vitros 5.1 (Ortho-Clinical 
Diagnostics, USA) with reagents from the supplier. 
Non-HDL cholesterol (nonHDL) was calculated as non-
HDL = TC − HDL. Children with a TC > 6.0 mmol/L in 
2015 were invited to test genetically for FH.

Hypercholesrerolemia and FH

Hypercholesterolemia was defined as total cholesterol 
(TC) ≥5.2 mmol/L12,13 alone or in combination with 
HDL <1.0 mmol/L and/or nonHDL ≥3.8 mmol/L.13 
Possible familiar hypercholesterolemia was defined as 
TC ≥6.0 according to the Norwegian criteria for FH 
screening. To provide additional predictive power the 
TC/HDL (Castelli Risk Index one) and nonHDL/HDL 
ratio (Atherogenic coefficient) were chosen. Variables 
of children’s overweight and obesity were based on Cole 
et al14 isoBMI scale.

Statistics

Statistical analyses were completed with the IBM SPSS 
v. 23 (IBM, Armonk, NJ, USA) and R (version 3.5.1). 
Differences between 2015 and 2016 were calculated 
using appropriate hypothesis testing with ANOVA, 
depending on normality and type of variables. 
Kolmogorov Smirnov test was used to test normality. 
For non-normal distributed variables Mann-Whitney- 
and Kruskall Wallis tests where used. The α-level was 
defined at 0.05. Intraclass correlation coefficients (ICC) 
including 95% confident intervals were calculated for 
“single raters absolute” using the ICC function in the 
psych package in R.15 Quartile ranges and Pearson cor-
relation was analyzed using R, and plots were generated 
using ggplot2 and ggstatsplot.

Results

Sample

Anthropometric variables are shown in Table 1. The 
mean height and weight increased with age, in addition 
to a significant difference in isoBMI (P < .001), waist 
circumference (WC) (P < .001), and Waist-to-height 
ratio (P < .001).

Blood Lipids

The mean TC was 4.30 mmol/L both years (Table 2), and 
the HDL level was in the range of 1.63 to 1.67 mmol/L. 
Non-HDL level ranged 2.63 to 2.86 mmol/L and the TC/
HDL ratio 2.67 to 2.76. There were no significant 
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changes in TC or nonHDL between 2015 and 2016. 
However, there was an increase for HDL (P = .003), a 
decrease for TC/HDL (P = .001) and nonHDL/HDL 
(P = .001). Intraclass correlation coefficients (ICC) for all 
the variables were in the range of 0.78 to 0.82, indicating 
good reliability between years.

The change in quartile distribution for TC and HDL 
across 2015 and 2016 is shown in Table 3. While there is 
no clear tendency for change in TC, the number of HDL 
values in Q3 and Q4 is increased, consistent with the 
significant increase from 2015 to 2016.

Prevalence of Hypercholesterolemia and FH

The criteria for hypercholesterolemia,13 as well as 
Norwegian criteria for FH screening are presented in 
Table 4 along with prevalence for 2015 and 2016. For 
hypercholesterolemia, 9.6% of the children had TC ≥ 
5.2 mmol/L in 2015, and 8.7% in 2016, with no statisti-
cally significant difference. The prevalence of children 
with both non-HDL ≥ 3.8 mmol/L and HDL < 
1.0 mmol/L was 94 (7.0%) in 2015 and 56 (4.8%) in 
2016. With Norwegian criteria for FH (Table 4), a sig-
nificant decrease in prevalence was found between 2015 
and 2016 (P = .03), from 1.3% in 2015 to 0.5% in 2016. 
In 2015 there were 18 children with TC > 6.0 mmol/L, 

matching the Norwegian criteria for screening for FH. 
Of these, 15 were tested genetically and none was diag-
nosed with FH.

Individual Variation

In 2016, 3 of the 18 children with TC > 6.0 mmol/L still 
had a value of TC > 6.0 mmol/L, 4 had decreased to the 

Table 1.  Anthropometric Variables With P-Values for Test-Year.

2015 2016

P-value*  n = 2271 n = 2109

Height (cm) 138.5 (11.8) 144.3 (11.9) <.001
Weight (kg) 33.3 (9.6) 38.3 (10.8) <.001
isoBMI 17 (3) 18 (3) <.001
WC (cm) 63.0 (8.1) 65.0 (8.7) <.001
WtHR 0.46 (0.05) 0.45 (0.07) <.001

Data are mean (SD).
Abbreviations: IsoBMI, iso Body Mass Index; WC, waist circumference; WtHR, waist-to-height ratio.
*Mann-Whitney Test by year.

Table 2.  Cholesterol Fractions Values With Intraclass Correlation Coefficient (ICC).

2015 2016

P-value* ICC (95% CI)**  n = 1340 n = 1167

TC (mmo/L) 4.30 (0.65) 4.30 (0.64) .817 0.78 (0.76-0.80)
HDL (mmol/L) 1.63 (0.35) 1.67 (0.36) .003 0.80 (0.78-0.81)
nonHDL (mmol/L) 2.68 (0.66) 2.63 (0.63) .08 0.82 (0.81-0.84)
TC/HDL 2.76 (0.68) 2.67 (0.63) <.001 0.82 (0.80-0.84)
nonHDL/HDL 1.76 (0.6) 1.67 (0.63) <.001 0.82 (0.80-0.84)

Data are mean (SD).
*Mann-Whitney Test by year.
** ICC was calculated for the children who were measured both in 2015 and in 2016 (n = 1051).

Table 3.  Quartile Distribution of Total Cholesterol for 
Year 2015 and 2016.

2015 2016  

  n n % change

Q1 TC 269 252 −6.3
HDL 226 201 −11.1

Q2 TC 231 264 14.3
HDL 228 216 −5.3

Q3 TC 269 243 −9.7
HDL 323 327 1.2

Q4 TC 282 292 3.5
HDL 274 307 12

Quartile distribution was calculated for the children who were 
measured both in 2015 and in 2016 (n = 1051), using quartiles 
defined from the 2015 data.
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range of 5.2 to 6.0 mmol/L, and 2 had decreased below 
5.2 mmol/L. Out of the 18, 9 opted out on the 2016 blood 
sample collection. In addition, 3 new children showed a 
TC > 6.0 mmol/L in 2016. In 2015, 66 children had TC 
between 5.2 and 6.0 mmol/L, while 30 remained in this 
category in 2016. Three increased to > 6.0 mmol/L, and 
33 decreased to <5.2 mmol/L. A total of 79 (7.5%) chil-
dren change TC category (above 6.0, between 6.0 and 
5.2, and below 5.2 mmol/L). In addition, 31 children 
(2.9%) have a change of more than 1 mmol/L in TC (up/
down) and 292 (27.8%) children have a change of more 
than 0,5 mmol/L in TC (up/down).

Blood Lipids Over Time

Scatterplots, with a density scale and with correlation 
coefficients, are shown in Figure 1 for combinations of 
the 3 parameters, HDL change, nonHDL change and TC 
change. In addition, a violin plot of TC for 2015 and 
2016 is shown, including tracelines for TC change. 
Change in nonHDL cholesterol correlated strongly with 
total cholesterol change (r = .85, 95% CI (0.84, 0.87), 
P < .001) (Figure 1). Change in HDL cholesterol corre-
lated with TC (r = .46, 95% CI (0.41, 0.50), P < .001), 
while change in HDL cholesterol had a weak negative 
correlation with nonHDL cholesterol (r = −.07, 95% CI 
(−0.13, −0.01), P = .019). In conclusion, most of the 
variation in TC is explained by variation in nonHDL, 
with some of the variation being explained by variation 
in HDL. There is a weak negative correlation between 
nonHDL and HDL.

Discussion

Average serum TC, HDL, and non-HDL values from 2 
subsequent years for a large pediatric population in 
Norway are presented. Also, changes in prevalence of 
hypercholesterolemia over 1 year are shown. Most of the 
variation in TC is explained by variation in nonHDL. 

The total variation in the population was low, but a con-
siderable change in some individuals was observed. Out 
of 18 children with high TC in 2015, 15 were tested 
genetically, and none displayed FH.

Lipid Levels

The mean TC was 4.30 mmol/L both years (Table 3), 
which is higher than from an Indian study (4.10 mmol/L 
for boys, 4.16 mmol/L for girls)16 but lower than from a 
Spanish study (4.2 mmol/L).17 The HDL level was higher 
in our population (1.63-1.67 mmol/L) than reported  
from Spain (1.3 mmol/L; LDL = 2.6 mmol/l, VLDL =  
0.33 mmol/L.17 The nonHDL level was also lower in our 
study (2.63-2.86 mmol/L) as compared to data from Spain 
(2.9 mmol/L), but higher than those reported from a 
Danish study (2.3-2.4 mmol/L).18 The TC/HDL ratio was 
in the range of 2.67 to 2.76. While TC and nonHDL did 
not change from 2015 to 2016, HDL increased with 
0.04 mmol/L, resulting in a reduction in the TC/HDL 
ratio. Although the increase in HDL was a statistically 
significant finding, the magnitude is not clinically signifi-
cant at the individual level. However, increased HDL, 
modified by genetic predisposition, physical activity, and 
diet may reduce the amount of plaque in blood vessels.19 
The elevated HDL-values in the present study may imply 
a healthier lifestyle.20 A lowered TC/HDL ratio in child-
hood may potentially reduce the risk of developing ath-
erosclerosis in adulthood.21

Prevalence of Hypercholesterolemia and FH

The prevalence of children with hypercholesterolemia 
was 9.6% (TC ≥ 5.2 mmol/L) in 2015 and 8.7% in 2016, 
compared to 3.3% in Denmark (TC > 5.2 mmol/L)18 and 
7.8% in Germany.22 Studies in the US have reported a 
prevalence of high TC from 7.4% in the US NHANES 
study19 to 13% in fifth grade students in Arizona.23 The 
prevalence of low HDL decreased from 3.1% in 2015 to 

Table 4.  Prevalence of Hypercholesterolemia and Familiar Hypercholesterolemia.

2015 2016

  n = 1340 n = 1167

Hypercholesterolemia criteria Uptodate27 (1) TC ≥ 5.2 mmol/L 129 (9.6) 101 (8.7)
(2) HDL < 1 mmol/L
and/or
nonHDL ≥ 3.8 mmol/L

  94 (7.0)   56 (4.8)

Both (1) and (2) combined   65 (4.9)   0 (0)
Familiar hypercholesterolemia screening criteria 

for children (<20 years) in Norway28
TC ≥ 6.0 mmol/L   18 (1.3)     6 (0.5)

Data are in (%).
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2.5% in 2016. The reported prevalences of low HDL are 
8.8% in Germany and >20% in France, Spain, and the 
Netherlands, while it is estimated to be >20% in Italy 
and Turkey.24 In Norway, national regulations state that 
values of TC ≥ 6.0 mmol/L and LDL > 3.5 mmol/L in 
children indicate a requirement of FH testing. While 18 
children (1.3%) had a TC ≥ 6,0 mmol/L in 2015, there 

were 6 children (0.5%) above this cutoff in 2016. Of the 
18 children who had TC > 6.0 mmol/L in 2015, 15 were 
tested genetically for FH. None of them was diagnosed 
with FH, indicating that a TC > 6.0 mmol/L may not be 
a good screening parameter for FH detection in healthy 
children. Three children (2 of them siblings) were not 
tested due to parental refusal.

Figure 1.  (A-C), scatterplots including density plots and correlation coefficients for lipid change 2015-2016. (A) nonHDL 
change versus TC change. (B) HDL change versus TC change. (C) HDL change versus nonHDL change. (D) Violin plot of TC 
for 2015 and 2016, with tracelines for each value in the middle. For (A-D) only values from children measured both years were 
included (n = 1051).
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Individual Variations in Lipid Levels

While the analysis of reliability showed that there is little 
variation in lipid levels when examined in the context of 
the entire population, there appears to be considerable 
variation at an individual level. The current study oper-
ates with 3 TC categories: healthy levels (2.5-5.2 mmol/L), 
hypercholesterolemia (5.2-5.9 mmol/L) and suspicion of 
FH (>6 mmol/L). The fluctuation between these catego-
ries is important to evaluate, especially when using TC 
measurements as a basis for FH screening. In the present 
study, we observed a higher fluctuation in TC levels in the 
children with the highest TC levels (variation of up to 
1 mmol/L) suggesting that only TC screening may not be 
a good predictor for FH. Furthermore, 79 (7.5%) children 
changed category from 2015 to 2016 in TC levels thus 
suggesting that variations in TC levels occur over 1 year. 
This indicates that a single TC measurement may be unre-
liable for assessing risk of disease in children. Cholesterol 
might need multiple measurements to obtain reliable val-
ues, or it should be included in a broader set-up of mea-
surements, such as in a HOMA-score. Our findings merit 
further studies on the biological variation, development, 
and fluctuations of TC levels in children across time. This 
includes determining the etiology of the fluctuations, and 
whether the fluctuation profile varies between individu-
als. It would also be important to investigate in longitudi-
nal studies whether children that fluctuate up to high 
cholesterol levels are more at risk of high cholesterol lev-
els in adulthood and if they show increased risk of CVD 
compared to individuals who fluctuate at lower choles-
terol levels.

Other studies have found similar fluctuation in lipids 
in children. In the Bogalusa study, 196 children were 
classified in the highest quintile of TC at year 1. After 
8 years, only 55% remained in the highest quintile.25 
After 12 years, about 50% of the children that had a TC 
or LDL cholesterol levels above the 75th percentile 
remained elevated.26 The U.S. Center for Disease 
Control and Prevention (CDC) and American Academy 
of Pediatrics (AAP) agree about the possibility for 
decline of high cholesterol in children over time, even 
without intervention.5,27 It is also likely that some of the 
variation, especially a shift toward less extreme values 
in the second measurement, is due to a regression toward 
the mean. Therefore, repeated measurements are pre-
ferred over a single measurement, resulting in a higher 
predictive power for FH and risk of CVD.

As childhood obesity is increasing worldwide, there is 
an ongoing debate on whether screening of TC should be 
done routinely, but there is no consensus about a screen-
ing program. Some advise a family-based cascade screen-
ing program, while others recommend national lipid 
screening followed by a secondary genetic screening as a 

better approach.28 With increasing genome technological 
capability, genetic screening across all children may 
become a feasible strategy in the future.

Genetic Test

For children with high TC and no genetic predisposition 
for FH, it is important to determine the cause of hyper-
cholesterolemia. No evidence for decreased physical 
activity or overweight and obesity in this group was 
found. None of the 15 children that had hypercholester-
olemia and who tested negative for FH were overweight 
or obese suggesting that the cause may be dietary.14 
High TC has been linked to a high intake of saturated 
fats and specific diet predictors such as trans fatty acids, 
but the current study lack conclusive data diet.29 There 
may be other genetic factors connected with raised cho-
lesterol level than those currently being tested. In 
Norway, there are approximately 200 mutations in the 
LDL receptor gene that cause FH; 4 of these are respon-
sible for 47% of all FH. A proportion of patients with FH 
have an accompanying mutation that causes high fibrin-
ogen and a greater tendency toward development of 
CVD. No medication is needed in FH without elevated 
TC and LDL below the established cut-off point, most 
likely caused by presence of the compensatory genes.30

Different reasons for elevated cholesterol occur 
between the healthy levels (below 5.2 mmol/L) and a 
highly pathological ones (over 12.0 mmol/L).30 In our 
study, all 15 children with TC over 6.0 mmol/L, without 
confirmed FH, were found to be in this range. The 
responsible mechanism for hypercholesterolemia in 
children in this case could be a multifactorial genetic 
impact with diverse effects on cholesterol.5 Polygenic 
variations of TC across the interval 5.2 to 12 mmol/L 
should, therefore, be investigated using more precise 
diagnostic technologies. Furthermore, the lack of sensi-
tivity of a single measurement of TC > 6.0 mmol/L as a 
cut-off point for FH-screening calls for a re-definition of 
a more reliable threshold for diagnosis of FH for chil-
dren. As the prevalence of FH is expected to be 1 in 200 
to 300,7 there should have been, at least, 8 to 11 children 
with FH among the 2271 children measured in 2015. As 
none of the 15 tested for FH were diagnosed, it is likely 
that there are several children with FH that have a TC 
below 6.0 mmol/L. Thus, a single lipid measurement 
combined with the current threshold for FH-screening 
for TC in Norway is insufficient to identify FH.

Lipid Levels

In the current study, Pearson correlation analysis of lipid 
changes for TC, HDL,and nonHDL showed that most of 
the variation in TC was explained by variation in 
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nonHDL, with some of the variation being explained by 
variation in HDL. There is a weak negative correlation 
between nonHDL and HDL. The HDL concentration is 
usually less than half of LDL concentrations, thus imply-
ing that LDL (or nonHDL) has a greater impact on vari-
ability of the TC levels than HDL. Identifying factors 
that influence changes in nonHDL cholesterol in chil-
dren is therefore important for reducing cholesterol in 
children that have a high TC but not related to FH.

Limitations

Blood samples were collected in a non-fasting state; 
however, recent data show good validity of lipid profiles 
in the non-fasting state. No information was collected 
about ethnicity, onset of menarche or puberty in our 
sampled population. The current study lack data on fam-
ily history of CVD and prevalence of FH among 
relatives.

Conclusion

Total cholesterol values in the present study were 
comparable to studies in other countries. While TC 
and nonHDL remained the same from 2015 to 2016, 
HDL increased. The prevalence of hypercholesterol-
emia was similar in both years. Of 18 children with 
TC > 6.0 mmol/L in 2015, 15 were tested genetically, 
however none were diagnosed with FH. The preva-
lence of candidates qualifying for FH screening 
dropped from 1.3% in 2015 to 0.5% in 2016. The 
mean lipid values show limited annually variations, 
but in some children lipid values vary considerably. 
Changes in nonHDL cholesterol could be responsible 
for most of the changes in TC. The individual varia-
tion in cholesterol needs to be better understood before 
making recommendations about screening of choles-
terol levels. A single TC measurement may not be a 
good predictor for FH, and there is a great need for a 
consensus about a screening strategy for FH.
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