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Introduction
It is well known that elevated total cholesterol (TC), 

especially low-density lipoprotein cholesterol (LDL-C), 
is the major preventable risk factor for atherosclerotic 
cardiovascular disease, which is the most common cause of 

death in developed countries. Early diagnosis of dyslipidemia 
and the initiation of lipid-lowering treatment is important 
to avoid atherosclerotic effects (1).

Screening for dyslipidemia in childhood has been 
controversial. While some guidelines recommend screening 
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Aim: Screening of dyslipidemia in childhood has been controversial. While some guidelines recommend screening for dyslipidemia in children, 
others emphasize that there is insufficient evidence for screening for dyslipidemia in those less than 20 years of age. In this study, we aimed to 
evaluate the outcomes of a lipid screening program and reveal the pros and cons of this program.

Materials and Methods: All patients referred to a paediatric metabolism outpatient clinic by family physicians with the suspicion of dyslipidemia 
in a lipid screening program at schools were investigated. Demographic and physical examination findings, screening lipid profiles and fasting 
control lipid profiles of the patients were evaluated. The definitive diagnosis with fasting lipid profile and genetic analysis were recorded.

Results: Two hundred seventy-four patients suspected with dyslipidemia were enrolled in the study. The mean age of study group was 9.2±3.2 
(5-17) years. While 158 (57.7%) patients were admitted with high total cholesterol (TC) and low-density lipoprotein cholesterol, high triglyceride 
level was detected in 58 (21.2%) patients via a paediatric lipid screening program. A high TC level was revealed in 26 (9.5%) patients.

With the control fasting lipid profile, 100 (36.5%) patients had a normal lipid profile. Fifty-nine (21.5%) patients were diagnosed with familial 
hypercholesterolemia (FH), and hyperchylomicronemia and hypobetalipoproteinemia were revealed in 5 (1.8%) and 4 (1.5%) patients, 
respectively. Eleven patients diagnosed with FH did not declare hyperlipidemia in parents. In a screening of these patients’ immediate families, 
11 parents and 3 siblings were diagnosed with familial hyperlipidemia.

Conclusion: This is the first study performed to date that evaluated the outcomes of a lipid screening program on school age children in Turkey. 
We found that this screening program is effective in diagnosing not only the patients but also asymptomatic parents and siblings. Evaluation 
and verification of dyslipidemia should be performed under fasting conditions to avoid false positive results.
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of dyslipidemia in children, the US Preventive Services Task 
Force emphasizes that there is insufficient evidence for 
the screening for dyslipidemia in those under 20 years of 
age (2,3). On the other hand, some authors recommend 
targeted screening based on a family history of premature 
cardiovascular disease or hypercholesterolemia or other 
risk factors (4). However, it has been pointed out that 
such an approach would miss a large number of children 
with dyslipidemia (5). No doubt, there is a need for clinical 
research to reach a consensus on this issue.

In the presence of such uncertainties, a dyslipidemia 
screening program in school-age children was initiated in 
Turkey in 2016 (6). The aim of this screening program was 
the evaluation of all school-aged children in terms of an 
abnormal lipid profile. Children with abnormal lipid profiles 
[TC ≥200 mg/dL, LDL-C ≥130 mg/dL, triglyceride ≥100 mg/
dL for 5-9 years of age and ≥130 mg/dL for 10-18 years of 
age and high-density lipoprotein cholesterol (HDL-C) <40 
mg/dL] are referred to paediatric metabolism outpatient 
clinics to be evaluated for dyslipidemia. To date, no study 
has analysed the efficacy and outcomes of this screening 
program in Turkey. In this study, we aimed to evaluate 
the outcomes and reveal the pros and cons of this lipid 
screening program.

Materials and Methods
Patients referred to paediatric metabolism outpatient 

clinics by family physicians with suspected dyslipidemia (TC 
≥200 mg/dL, LDL-C ≥130 mg/dL, triglyceride ≥100 mg/dL 
for 5-9 years of age and ≥130 mg/dL for 10-18 years of age 
and HDL-C <40 mg/dL) during the lipid screening program 
at schools were investigated between July 2018 and October 
2019.

Patients with results obtained during the screening 
program and a control fasting lipid profile (after fasting for 
at least 9 hours) were enrolled. Their demographics and 
physical examination findings [age, gender, family history 
of dyslipidemia, lipid-lowering treatment or premature 
symptomatic coronary artery disease, body mass index 
(BMI)], screening lipid profile (TC, LDL-C, triglycerides, HDL-
C) and fasting control lipid profile were evaluated. Definitive 
diagnoses with fasting lipid profile and genetic analysis 
(LDLR, APOB, LDLRAP1, PCSK9, APOC2, LPL, and MTP) 
[normal lipid profile, familial hypercholesterolemia (FH), 
hypobetalipoproteinemia, hyperchylomicronemia, non-
classified high total and LDL-cholesterol] were recorded. A 
BMI ≥95th percentile was defined as obesity (7). The cut-off 
points for TC and LDL-C were ≥200 mg/dL and ≥130 mg/
dL, respectively. Furthermore, ≥100 mg/dL for 5-9 years of 

age and ≥130 mg/dL for 10-18 years of age were determined 
as the cut-off points of triglyceride level (8). Children with 
LDL cholesterol ≥190 mg/dL or LDL cholesterol ≥160 mg/
dL with risk factors were evaluated for genetic mutation for 
FH. Also, children with LDL cholesterol ≥130 mg/dL with FH 
diagnosed parents were assessed with genetic analysis. All 
patients with high triglycerides levels (≥500 mg/dL and/
or persistent triglyceride levels between 130-500 mg/dL 
without obesity) were investigated with genetic analysis 
for hyperchylomicronemia. In patients with LDL cholesterol 
≤50 mg/dL, hypobetalipoproteinemia was genetically 
investigated (9). The lipid prolife of the parents and siblings 
of patients diagnosed with FH, hypobetalipoproteinemia or 
hyperchylomicronemia were investigated. Twelve patients 
were excluded from the study due to missing data. Informed 
assent from the participants (whenever appropriate) and 
written informed consent from their caregivers were 
obtained.

The study was initiated after the approval of the Ethics 
Committee of University of Health Sciences Turkey, Dr. 
Behçet Uz Children Training and Research Hospital (date: 
12.09.2019, number: 2019/326).

Statistical Analysis

Categorical variables (gender, family history of 
hyperlipidemia, lipid-lowering treatment and premature 
coronary artery disease) were expressed as number and 
percentage, and continuous variables (age, TC, LDL-C, 
triglycerides and HDL-C in the screening program and 
the fasting control lipid profile) were expressed as mean 
± standard deviation or median (min-max) according to 
the normality of variables. The normality of data was 
assessed with Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Comparison of the frequency of hyperlipidemia and lipid-
lowering treatment in family history across subgroups was 
analysed with chi-square test.

Data were analysed with the Statistical Package for 
Social Sciences (SPSS) computer software (version 21.0; 
SPSS, Chicago, IL, USA). A two-tailed p-value <0.05 was 
considered significant.

Results
Two hundred and seventy-four patients with suspected 

dyslipidemia were enrolled in the study. Of these, 145 
(52.9%) were female and 129 (47.1%) were male. The mean 
age of the study group was 9.2±3.2 (5-17) years. In the 
family history, hyperlipidemia in parents was declared by 
116 (42.3%) patients and 35 (12.8%) (father or mother) were 
receiving lipid-lowering treatment. Premature symptomatic 
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coronary artery disease was detected in 4 (1.5%) parents. 
Physical examination revealed obesity in 42 (15.3%) patients.

In physical examination, one of the patients diagnosed 
with familial hyperlipidemia had xanthoma in the knees. 
None of the children had ocular manifestations (corneal 
arcus, lipemia retinalis). Two out of 4 patients diagnosed 
with hypobetalipoproteinemia had mild hepatomegaly. Two 
patients with hypobetalipoproteinemia were asymptomatic.

The lipid profiles of the patients during screening 
are presented in Table I. While 158 (57.7%) patients were 
admitted with elevated TC (≥200 mg/dL) and LDL-C (≥130 
mg/dL), elevated triglycerides (5-9 years of age: ≥100mg/dL, 
10-17 years of age: ≥130 mg/dL) was detected in 58 (21.2%) 
patients by the paediatric lipid screening program. High TC 
level was noted in 26 (9.5%) patients.

In the assessment of patients via the control fasting lipid 
profile, 100 (36.5%) patients had a normal lipid profile. While 
59 (21.5%) patients were diagnosed with FH, (patients with 
genetic mutation in LDLR, PCSK9), hyperchylomicronemia 
and hypobetalipoproteinemia were found in 5 (1.8%) and 
4 (1.5%) patients, respectively. High TC and LDL-C without 
genetic mutations in LDLR, APOB, LDLRAP1, PCSK9, APOC2, 
LPL, and MTP was detected in 64 (23.4%) patients. The 
control fasting lipid profiles of the groups are presented in 
Table II.

Comparison of the lipid profile obtained during the 
screening program and the diagnosis of patients revealed 
that all patients admitted with a high TC level had a 
normal fasting lipid profile. Also, a normal fasting lipid 
profile was determined in 38 (65.5%) out of the 58 patients 
with elevated triglycerides. FH was diagnosed in 59 (37%) 
patients with high TC and high LDL-C. All patients (n=4) 

with low TC, low LDL-C and low triglyceride levels were 
diagnosed with hypobetalipoproteinemia (Table III).

In the evaluation of the family history of the patients, 
hyperlipidemia and receiving lipid-lowering treatment in 
parents were more frequent in patients with FH compared 
to the other groups (p<0.0001; p<0.0001) (Table IV). Eleven 
patients diagnosed with FH did not declare hyperlipidemia 
in their parents. An evaluation of the fasting lipid profile of 
these patients’ families with cascade screening revealed that 
11 parents (2.0% of the parents of patients enrolled in the 
study) and 3 siblings had familial hyperlipidemia. The mean 
TC and LDL-C levels of the parents were 297.4±76.3 (256-
398) mg/dL and 234.0±64.1 (180-310) mg/dL, respectively.

Discussion
This is the first study performed to date to evaluate the 

outcomes of a dyslipidemia screening program in school-
age children in Turkey. The most striking point of this study 
is that one third of the patients referred with suspected 
dyslipidemia had a normal fasting lipid profile. This finding 
may be explained by the fact that the lipid screening 
was conducted in a non-fasting state (10,11). It is well 
known that triglyceride level is affected by the fasting 
state. Consequently, most of our patients with normal lipid 
profiles were admitted with high triglyceride levels.

Another interesting point is those patients referred 
with elevated TC, all of whom had normal control fasting 
lipid profiles. Most studies indicate that the fasting or non-
fasting state of patients does not affect TC and LD-C levels, 
advising that lipid screening be performed in a non-fasting 
state (12,13). However, a study recently performed in Turkey 
indicated that a fasting state may affect TC and non-HDL-C 

Table I. Total cholesterol, LDL-cholesterol, HDL-cholesterol and triglyceride levels of patients in the screening program

Lipid profile in screening
(mg/dL)

Group 1
(n=26)

Group 2
 (n=58)

Group 3
 (n=158)

Group 4
 (n=14)

Group 5
 (n=14)

Group 6
 (n=4)

TC, mean ± SD (min-max) 204.0±4.2
(200-214)

164.7±24.1
(87-199)

260.1±68.6
(200-834)

231.6±24.6
(201-298)

212.2±9.4
(200-230)

51.8±14.9
(32-68)

LDL-C, mean ± SD (min-max) 113.3±11.6 
(86-128)

82.9±21.3
(32-127)

183.2±68.7
(130-752)

146.6±22.1
(131-219)

106.2±10.6
(89-125)

21.8±8.8
(11-32)

HDL-C, mean ± SD (min-max) 64.3±12.8 
(42-94)

38.9±14.1
(12-81)

59.2±13.4
(33-100)

47.3±6.9
(39-52)

58.5±17.6
(30-80)

35.3±2.6
(28-39)

Triglycerides, median (min-max) 81
(39-126)

260
(145-1,939)

78
(41-127)

192
(142-312)

222
(110-343)

21.5
(19-35)

Group 1: High TC
Group 2: High triglycerides
Group 3: High TC, high LDL-C
Group 4: High TC, high LDL-C, high triglycerides
Group 5: High TC, high triglycerides
Group 6: Low TC, low LDL-C, low triglycerides
LDL-C: Low-density lipoprotein cholesterol, min: Minimum, max: Maximum, SD: Standard deviation, TC: Total cholesterol
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levels (14). It is difficult to comment on this subject within 

the method of our study. However, we determined that 

those patients admitted with elevated TC had slightly 

elevated HDL-C, which we believe is the reason for their high 

TC levels. This finding suggests that physicians should pay 

attention to elevated non-HDL-C instead of TC levels in lipid 
screening programs.

The primary aim of a lipid screening program is to 
determine elevated LDL-C, the most common and 
preventable factor for atherosclerotic cardiovascular 

Table II. Control fasting lipid profiles and diagnoses of patients

Control fasting 
lipid profile
(mg/dL)

Normal lipid 
profile
(n=100)

Familial 
hypercholesterolemia
(n=59)

Obesity 
(n=42)

Non-classified 
high total 
and LDL-
cholesterol
(n=64)

Hyperchylomicronemia 
 (n=5)

Hypobetalipoproteinemia
(n=4)

TC, mean ± SD 
(min-max)

168.9±20.4
(107-198)

318.4±80.3
(234-798)

212.4±38.1
(144-297)

227.9±18.5
(200-279)

201.8±39.9
(157-252)

73.8±16.9
(52-91)

LDL-C, mean ± SD 
(min-max)

96.5±15.9 
(52-124)

245.5±76.4
(170-702)

123.5±34.5
(63-186)

149.4±15.2
(130-187) * 32.8±16.5

(13-53)

HDL-C, mean ± SD 
(min-max)

56.2±11.3 
(40-90)

58.2±1361
(30-89)

47.9±14.1
(22-81)

59.8±12.9
(36-88)

15.8±5.7
(12-24)

43.8±1.9
(41-45)

Triglyceride, 
median (min-max)

78.5
(65-123)

79
(47-126)

204
(41-680)

82.3
(44-127)

984
(773-1,230)

32.5
(19-59)

*: Could not be calculated due to high triglyceride level.
HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, min: Minimum, max: Maximum, SD: Standard deviation, TC: Total cholesterol

Table III. Comparison of lipid profiles in screening and the diagnoses of patients

Diagnosis of patients with control fasting lipid profile 
and genetic investigations,

Lipid profile in screening n (%)

Group 1
(n=26)

Group 2
(n=58)

Group 3
(n=158)

Group 4
(n=14)

Group 5
(n=14)

Group 6
(n=4)

Normal lipid profile (n=100) 26 (100.0) 38 (65.5) 27 (17.0) 3 (21.4) 6 (41.9) 0 (0.0)

Familial hypercholesterolemia (n=59) 0 (0.0) 0 (0.0) 59 (37.0) 0 (0.0) 0 (0.0) 0 (0.0)

Obesity (n=42) 0 (0.0) 15 (25.9) 8 (5.1) 11 (78.6) 8 (57.1) 0 (0.0)

Non-classified high TC and LDL-C (n=64) 0 (0.0) 0 (0.0) 64 (41.0) 0 (0.0) 0 (0.0) 0 (0.0)

Hyperchylomicronemia (n=4) 0 (0.0) 5 (8.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Hypobetalipoproteinemia (n=4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (100.0)

Group 1: High TC
Group2: High triglycerides
Group 3: High TC, high LDL-C
Group 4: High TC, high LDL-C, high triglycerides
Group 5: High TC, high triglycerides
Group 6: Low TC, low LDL-C, low triglycerides
LDL-C: Low-density lipoprotein cholesterol, TC: Total cholesterol

Table IV. Hyperlipidemia and lipid-lowering therapy in family history of subgroups

Medical 
history

Normal 
lipid 
profile
(n=100)  
n (%)

Familial 
hypercholesterolemia
(n=59) n (%)

Obesity 
(n=42) 
n (%)

Non-classified 
high total and 
LDL-cholesterol
(n=64) n (%)

Hyperchylomicronemia
(n=5) n (%)

Hypobetalipoproteinemia
(n=4) n (%) p

Hyperlipidemia 
in parents 
(n=116)

26 (26.0) 48 (81.4) 12 (28.6) 29 (45.3) 1 (20.0) 0 (0.0) <0.0001

Lipid-lowering 
therapy in 
parents (n=35)

3 (3.0) 19 (32.0) 3 (7.1) 9 (14.0) 1 (20.0) 0 (0.0) <0.0001
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disease, in asymptomatic patients (15). In this study, we 
found that about 20% of patients were diagnosed with 
FH by means of the screening program. Moreover, the 
lipid screening program allowed for the diagnosis of FH 
not only in the children included in the screening, but also 
their asymptomatic parents and siblings, as is the case in 
the biotinidase deficiency screening program (16). These 
findings show that screening for common diseases in the 
community is effective for the diagnosis of asymptomatic 
patients and the initiation of appropriate treatment.

The family history of patients plays a key role in the 
diagnosis of dyslipidemia, especially FH, which is inherited 
in an autosomal codominant pattern (17). Another notable 
finding of the present study is that the history of dyslipidemia 
and its treatment with lipid-lowering drugs in parents were 
significantly higher in those patients diagnosed with FH 
compared to the other groups. This result highlights the 
importance of being aware of the family history of the 
patients enrolled in lipid screening.

In this study, we had no information about the number 
of children screened for dyslipidemia by family physicians, 
which prevented us from evaluating the frequency of 
dyslipidemia in school-aged children. Previous studies 
from different countries have diverse results. For instance, 
a study performed in Lebanon revealed high borderline 
dyslipidemia prevalence to be 77.3% in children 2-10 years 
old, while a Mexican study stated that the frequency of 
dyslipidemia in the same age group was 55.3% (18,19). A 
lower prevalence of dyslipidemia was reported from the 
USA at 8% for TC, 7% for LDL-C and 12% for triglyceride 
(20). We think that genetic variation and dietary habits 
play a key role in these differences. Furthermore, different 
rates of prevalence between countries suggest that every 
screening program should be revised in terms of national 
risk factors and screening age.

Previous studies about dyslipidemia screening in children 
did not determine hypobetalipoproteinemia (18-21). One 
of the striking finding of our study is that we revealed 4 
children with hypobetalipoproteinemia. Although patients 
with hypobetalipoproteinemia are often asymptomatic, 
many develop fatty liver. In 2 out of the 4 patients with 
hypobetalipoproteinemia, we detected hepatomegaly, and 
hepatosteatosis. Two of them were asymptomatic. This 
finding emphasized that a screening program is effective 
in the detection of not only FH but also other types 
of dyslipidemias such as hypobetalipoproteinemia, or 
hyperchylomicronemia.

A study performed by Kalkan-Ucar et al. (22) in the 
same region as our study determined that the prevalence 

of obesity is 6.29% in children aged 2-15 years. However, 
this study was performed in 2009 and included children 
less than 5 years of age. It is well known that the number of 
obese children has significantly increased in developed and 
developing countries over the last decades (23). A recent 
study performed in Antalya located in southern Turkey 
reported that the prevalence of obesity was 9.8% in children 
aged 9-14 years in 2015 (24). The lipid profile screening 
program has provided an opportunity to determine the 
prevalence of obesity in children with abnormal lipid profile. 
We found the frequency of obesity to be 15%, which was 
higher than that estimated in previous studies. This study is 
the first in our country to evaluate the frequency of obesity 
in school-age children diagnosed with dyslipidemia.

There are several limitations of this study. First, we had 
no information about the number of children screened 
for dyslipidemia, which prevented us from evaluating the 
frequency of dyslipidemia in school-aged children. Secondly, 
this study relied only on the lipid screening results of one 
centre located in the western region of Turkey. Lastly, the 
low-number of subgroups limited our ability to analyse 
the effectivity of laboratory parameters in the diagnosis of 
dyslipidemia.

Conclusion
Screening programs are effective in diagnosing not 

only the patients but also their asymptomatic parents 
and siblings. Evaluation and verification of dyslipidemia 
should be performed in a fasting state to avoid false 
positive results. Analysis of multicentre screening results 
is warranted to further analyse the effectiveness of lipid 
profile screening programs in school-age children.
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