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The purpose of this study was to screen for FCHL in children using serum lipid pheno-
types. The subjects were 1,190 (599 male, 591 female) children who participated in a
screening and care program for life style-related diseases in school children. Total
cholesterol, high-density lipoprotein cholesterol and triglyceride were determined, and
information on the family history of parents was obtained by questionnaire. Candi-
dates for FCHL were screened by the following criteria; type Ilb hyperlipidemia, type
lla hyperlipidemia with positive family history of CHD, hyperlipidemia or both. We in-
formed them of the results by mail. A second series of examinations to diagnose FCHL
was performed on volunteer participants, including their parents. The candidates con-
sisted of 9 children with type Ilb and 27 with type lla hyperlipidemia, 11 of whom
participated, in the second series of examinations, in which 5 children were diag-
nosed with FCHL. The prevalence was 0.4%, suggesting that at least half of all indi-
viduals with FCHL already demonstrate hyperlipidemia in childhood. J. Atheroscler
Thromb, 2003; 10: 299-303.
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Introduction

Familial combined hyperlipidemia (FCHL) is a common
dominantly-inherited disorder with a prevalence of 1.0%
in Japan (1). In 1973, FCHL was first reported as the lead-
ing cause of premature coronary heart disease (CHD) (2).
However, its genetic background remains uncertain. In
order to achieve primary prevention of CHD, carriers
should be identified by screening before the develop-
ment of atherosclerosis. It is well known that even in child-
hood, many affected individuals already demonstrate the
characteristic serum lipid profile, with elevations in total
cholesterol (TC), triglyceride (TG), or both (3-7). Also, most
children with type Ilb hyperlipidemia have FCHL (7).

The purpose of this study was to screen for FCHL us-
ing serum lipid phenotypes in children.
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Subjects and Methods

The subjects were 1,190 (599 male, 591 female) chil-
dren who participated in a screening and care program
for life style-related diseases in school children in 2000.
Five hundred and eighty children were fourth-grade stu-
dents in elementary schools (9-10 years old), and 610
were first-grade students in junior high schools (12-13
years old). Standing height and body weight were mea-
sured, and TC, high-density lipoprotein cholesterol
(HDLC) and TG were determined after overnight fasting.
TC and TG levels were measured by enzymatic meth-
ods. HDLC was determined by a direct enzymatic
method. Low-density lipoprotein cholesterol (LDLC) was
calculated by means of the Friedewald equation. Infor-
mation on the family history was obtained from the par-
ents using a questionnaire, which was completed at home
by the students and their family members. The question-
naire included data about history of CHD, hyperlipidemia
and diabetes mellitus.

According to the screening and care program for life style-
related diseases in school children in Japan, the cut-off
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points of hypercholesterolemia, hypertriglyceridemia and
low HDLC level were 200 mg/dl, 150 mg/dl and 40 mg/dI,
respectively (8, 9). Children were classified using these
cut-off points for hypercholesterolemia (lla),
hypertriglyceridemia (IV), and combined hyperlipidemia
(Ib).

Candidates for further examinations to diagnose FCHL
were screened by the following criteria;

1. Type llb hyperlipidemia (TC = or > 200 mg/dl and TG
= or > 150 mg/dl).

2. Type lla hyperlipidemia (TC = or > 200 mg/dl) and
positive family history of CHD, hyperlipidemia or both.

We sent the results to the candidates by mail, and rec-
ommended further examinations for them as well as their
family members to determine the etiology in each candi-
date.

In the second series of examinations, we investigated
serum lipids and insulin in volunteer participants. The
diagnosis of FCHL was made according to the criteria
reported by the Primary Hyperlipidemia Research Group
formed by the Japanese Ministry of Health, Labor and
Welfare (8). In adults, the cut-off points of hypercholes-
terolemia and hypertriglyceridemia were 220 mg/dl, and
150 mg/dl, respectively. The criteria comprise both ma-
jor and minor items as follows:

Major items:

1. Proband reveals phenotypic expression of lla, llb or
V.

2. Affected first-degree relatives show one of the above
phenotypes, and at least one of them (including the
proband) shows lla or llb.

3. Familial hypercholesterolemia should be excluded
according to the diagnostic criteria of FH (8).

Minor items:

1. Serum total cholesterol level less than 300 mg/dl in

most affected families and the proband.
2. Observed phenotypic change (e.g., from lla to lIb).
3. Worsening of hyperlipidemia at postpubertal age.
4. Not associated with Achilles tendon xanthomatosis.
We obtained written informed consent from each child
and family member.

Statistical Analysis

The differences in mean values were analyzed by a non-
parametric method (Mann-Whitney U test). A p value less
than 0.05 was considered to indicate statistical signifi-
cance.

Results

Prevalence of serum lipid phenotypes
Type lla, llb and IV were found in 18.7%, 0.76% and
1.6%, respectively.

Characteristics of candidates for FCHL (Table 1)

The candidates consisted of 9 children with type llb and
27 with type lla who had a positive family history of hy-
perlipidemia, CHD or both. Hypo-HDL cholesterolemia
(< 40 mg/dl) was found in one child with type llb, and
hypertension (> 135/80 mmHg) was also found in one
with type Ilb. Obesity (= or > 120% of standard weight
for age, sex and height (10) ) was identified in 5 (18.5%)
of the 27 with type lla and 8 (88.8%) of the 9 with type
Ib.

Characteristics of non-participants (Table 2)

The mean values (standard error) of serum lipids for non-
participants were 228.1 (9.4) mg/d| for TC, 99.6 (9.9) mg/
dl for TG, 141.3 (9.7) mg/dl for LDLC and 66.9 (2.8) mg/

Table 1. Characteristics of candidates.

Candidates Non-candidates

n=36 n=1154 p value
Age (yr) 11.3+ 0.3 11.1 £041 0.6748
Sex (male : female) 14:22 586 : 568
Height (cm) 1454 + 1.6 145.6 £ 0.3 0.9747
Weight (kg) 417+ 1.6 39.0 +0.3 0.084
Obesity index 106 + 2.9 3.0+0.5 0.0063
Systolic blood pressure (mmHg) 118.6 + 1.8 113.4 +0.4 0.0124
Diastolic blood pressure (mmHg) 625+ 1.2 61.1 +0.2 0.2385
Total cholesterol (mg/dl) 226.8 + 6.9 175.6 +0.8 < 0.0001
HDL-cholesterol (mg/dl) 65.4 + 6.9 63.5+0.4 0.4644
LDL-cholesterol (mg/dl) 1421 + 7.1 99.4 +0.7 < 0.0001
Triglyceride (mg/dl) 96.8 + 8.1 63.3 +0.9 < 0.0001

Mean + SE
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dl for HDLC. These were not significantly different from
the values for the participants: 223.7 (8.5) mg/dl, 90.5
(14.8) mg/dl, 143.7 (8.2) mg/dl, 61.9 (4.2) mg/dl, respec-
tively.

Characteristics of participants (Table 3)
Eleven children (9 with type lla, 2 with type lIb) volunteered
to participate in the second series of examinations. How-
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ever, no parent of the 6 candidates participated. Among 7
participating first-degree relatives (2 fathers and 5 moth-
ers) in 5 families, 3 cases of type lla, 2 of type llb and 2 of
normolipidemia were found. The father of Case 3 had a
history of CHD, but it was not possible to investigate his
serum lipids. According to the diagnostic criteria of FCHL,
5 candidates, all who participated with at least one parent,
were diagnosed as having FCHL.

Table 2. Characteristics of non-participants.

Participants Non-participants
n=11 n=25 p value
Age (yr) 10.6 = 0.5 11.5+£0.3 0.1223
Sex (male : female) 4:7 10:15
Height (cm) 1449 + 3.3 145.6 £9.0 0.9726
Weight (kg) 43.8 + 3.6 40.8 +1.6 0.4922
Obesity index 16.7 + 5.2 7934 0.1444
Systolic blood pressure (mmHg) 119.7 £+ 2.3 118.1 +2.4 0.8368
Diastolic blood pressure (mmHg) 63.1+ 1.6 62.2 +1.5 0.8100
Total cholesterol (mg/dl) 223.7 + 8.5 228.1 +9.4 0.8907
HDL-cholesterol (mg/dl) 619+ 42 66.9 £2.8 0.3719
LDL-cholesterol (mg/dl) 143.7 + 8.2 141.3 £9.7 0.3363
Triglyceride (mg/dl) 90.5 + 14.8 99.6 +9.9 0.6929
Mean + SE
Table 3. Characteristics of participants.
Al T HDL! T LDL Insulin Family Hist
Case  Sex (y(S:') Obesity Index (mgc/: d) (mg /;) (mg(/a d) (mg /gl) (IUS/umI) Phenotype a gHDS o
1 F 13 36.0 201 35 191 127.8 26 llb /
2 M 12 -18.3 200 84 95 97.0 6 lla /
3 F 12 -0.8 242 52 111 167.8 14 lla Father
Mother / BMI =20.4 242 53 168 155.4 11 IIb
4 F 13 19.3 284 75 82 192.6 24 lla /
Mother 37 BMI = 26.7 225 80 57 133.6 4 lla
5 F 9 31.4 200 59 37 133.6 lla Maternal grandfather
Father 40 BMI =26.5 229 45 152 153.6 12 llb
Mother 33 BMI =19.6 192 82 99 90.2 3 N
6 F 10 33.0 206 54 169 118.2 12 llb /
7 M 12 25.9 231 69 51 151.8 14 lla /
8 F 9 19.2 261 72 65 176.0 14 lla /
Mother 36 / 257 81 57 164.6 7 lla
9 F 9 6.3 223 73 75 135.0 6 lla /
10 M 9 2.9 206 51 55 144.0 8 lla /
11 M 9 29.3 207 57 65 137.0 8 lla /
Father 54 BMI =27.5 195 56 144 110.2 9 N
Mother 51 BMI =19.2 272 91 66 167.8 5 lia

Obesity Index: ((body weight - standard weight) / standard weight) x 100
TC: total cholesterol, HDLC: high density lipoprotein cholesterol, TG: triglyeride, LDLC: low density lipoprotein cholesterol
lla, llb: phenotype of Fredrickson/WHO classification of hyperlipidemia, N: normolipidemia
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Discussion

In this study, we diagnosed 5 children with FCHL out of
1190 children, with a prevalence of 0.4%. This is lower
than that in the Japanese adult population (1), but sug-
gests that at least half of all individuals with FCHL al-
ready demonstrate hyperlipidemia in childhood. The gen-
eral characteristic serum lipid profile in FCHL usually be-
comes manifest in the postpubertal period, influenced
by age and weight gain (3, 6, 10). Therefore, the preva-
lence of FCHL in children differs among the literature (2,
4, 8).

Our criteria for selecting candidates consisted of se-
rum lipid phenotype and family history. The type lIb phe-
notype is supposed to show some familial features.
Polonsky et al. (12) reported that the parents of children
with two lipid abnormalities (high LDLC, together with
high TG or low HDLC) tended to be obese, and that type
IIb in a parent was a good predictor of hyperlipidemia in
the child (13). Young Japanese children with type Ilb were
mostly diagnosed as FCHL (7). In this study we found 9
children with type llb, with a prevalence of 0.76%. Type
IIb hyperlipidemia was very rare in children, but some of
them had other risk factors such as hypertension,
hyperinsulinemia and low HDLC level, and all except one
were obese. It is well known that FCHL is often associ-
ated with hyperinsulinemia, impaired glucose tolerance
and obesity. However, there were not sufficient children
with type llb to screen for FCHL during childhood, be-
cause all children diagnosed with FCHL had type lla in
this study. In the second series of examinations, type llb
was found in one case (Case 4). The phenotype in FCHL
may change during the course of the disease. Further-
more, especially in children, even carriers of FCHL may
not yet manifest hypertriglyceridemia, because TG level
is affected by both weight gain and age in FCHL. In
younger Japanese children (7), type llb was reported to
be found in 0.26%, which was much lower than our re-
sult. However, the children with FCHL had already be-
come obese in this study. Shamir et al. also reported
that children with FCHLtended to be overweight (6). While
the cause of obesity in FCHL patients is unknown, leptin
is reported to be an indicator of energy metabolism that
may be responsible for obesity seen in children with FCHL
(14), because they have relatively higher leptin levels per
body weight than children with FH. Furthermore, direct
effects of leptin on insulin-stimulated glucose uptake in
cultured rat skeletal muscle cells (15) suggested that
leptin may also be responsible for development of glu-
cose intorelance.

Kuromori et al. (3) reported that, in FCHL, a higher apoB
level may be revealed antecedently at an early age with-
out other lipid abnormality, and thus an elevated apoB
level should be added to the early diagnostic criteria for
FCHL in children. Shamir et al. (6) also reported that apoB

was not correlated with age in children with FCHL. In the
20-year prospective study of FCHL adults (11), elevated
apoB was common among hyperlipidemic individuals
from families with FCHL, and it might be useful for dis-
tinguishing unaffected relatives. Unfortunately we could
not investigate apolipoproteins of participants in this
study. However, they may have high apoB levels, be-
cause their LDLC levels were much higher (137-193 mg/
dl) than the mean value in healthy Japanese children (63
mg/dl) (16).

FCHL was the most common form of familial hyperlipi-
demia in a referral population of children (4). We should
establish an effective screening system and management
program.

Conclusions

Our screening program detected 5 children with FCHL,
with a prevalence of 0.4%. All of them demonstrated type
lla phenotype. Our results suggested that at least half of
all individuals with FCHL already demonstrate a charac-
teristic serum lipid profile in childhood. Effective medical
intervention in these children is necessary to achieve pri-
mary prevention of CHD.
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