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Abstract A number of restriction fragment length polymor- 
phisms (RFLPs) of the apolipoprotein B (apoB) and apolipopro- 
tein A-I/C-III(apoA-I/C-111) genes have been found to be associ- 
ated with serum lipoprotein levels in many adult populations. In 
order to examine whether these genetic polymorphisms influence 
serum lipoprotein levels in childhood and adolescence, we deter- 
mined the apoB XbaI and apoA-I/C-I11 SstI genotypes and serum 
lipoprotein concentrations in 307 healthy Finns aged 9 to 21 years. 
In the age groups of 9, 12, and 15 years, subjects homozygous 
for the X2 allele (the XbaI site present) of the apoB gene had 
mean serum low-density lipoprotein (LDL) cholesterol levels 
(3.69, 3.43, and 3.15 mmolll, respectively) that were 12-20% 
higher than those in subjects homozygous for the absence of this 
allele (3.08, 3.02, and 2.80 mmol/l, respectively). This associa- 
tion was more significant in males than in females. At the age 
of 9 to 18 years, subjects carrying the S2 allele (SstI site present) 
of the apoA-I/C-I11 gene complex had an approximately 6-15% 
higher mean serum LDL-cholesterol level than those homozy- 
gous for its absence. The combined genotype X2+S2+ .(the 
simultaneous presence of the X2 allele and the S2 allele) was 
associated with an even more marked elevation of serum LDL- 
cholesterol level than either allele alone. As an example, the 
serum LDL cholesterol concentration was 20% higher in 9-year- 
old subjects with at least one X2 and one S2 allele than in those 
without either allele (3.55 vs. 2.97 mmol/l, P < 0.005). The S2 
allele was found to be significantly more frequent in eastern than 
in western Finland, whereas no significant areal differences were 
seen in the occurrence of the X2 allele. In conclusion, 
genetic variations of the apoB and apoA-I/C-111 gene loci in- 
fluence serum lipoprotein concentrations alrecdy in child- 
hood.-Aalto-Setala, K., J. Viikari, H. K. Akerblom, V. 
Kuusela, and K. Kontula. DNA polymorphisms of the apo- 
lipoprotein B and A-I/C-I1 genes are associated with variations 
of serum low density lipoprotein cholesterol level in childhood. 
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Apolipoprotein B (apoB) plays a dominant role in 
cholesterol homeostasis. It is required for the assembly 
and secretion of chylomicrons in intestine and VLDL in 
liver, and it also acts as the ligand for the recognition of 
LDL by the LDL receptor (1, 2). The apoB gene extends 
over 43 kb (kb, kilo base pairs) (3) and resides in chromo- 
some 2 (4-6). Apolipoprotein A-I (apoA-I) is the major 
protein component of HDL (7) and also serves as a cofac- 
tor for LCAT (1ecithin:cholesterol acyl transferase), an en- 
zyme that catalyzes the conversion of cholesterol and 
phosphatidylcholine to cholesteryl esters and lysophos- 
phatidylcholine (8-11). The apoA-I gene is located in 
chromosome 11 and is tightly linked to the apolipoprotein 
C-111 (apoC-111) gene, located only 2.6 kb from the 3' end 
of the apoA-I gene (12). The function of apoC-I11 is not 
clear, but it may modulate hydrolysis of triglyceride-rich 
lipoproteins by lipoprotein lipase (13) and influence the 
hepatic uptake of chylomicron remnants (14). 

Several polymorphic sites within or adjacent to the 
gene loci for apoB and apoA-I/C-I11 have been detected. 
The XbaI restriction fragment polymorphism (RFLP) of 
the apoB gene has been found to be associated with serum 
cholesterol and/or triglyceride levels in a number of adult 
populations (15-18). Furthermore, the presence of a poly- 
morphic SstI site within the apoA-I/C-111 gene complex 
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has been proposed to be associated with elevated serum 
triglyceride (19-22) and cholesterol levels (23), as well as 
with diminished serum HDL levels (24). The mechanisms 
of these associations remain unknown. 

We examined whether in Finland, where apoB and 
apoA-I/C-I11 RFLPs are associated with serum lipopro- 
tein levels among adult subjects, genetic variation of these 
two gene loci are involved in the determination of serum 
lipid levels already in childhood. These data would bear 
two important implications. First, a lipoprotein genotype- 
phenotype association possibly present even at the age 
before and during developmental maturation would favor 
a primary role for lipid-regulatory genes without the need 
of concomitant adult hormonal milieu for their expres- 
sion. Second, the demonstration of such an association 
would have impact on preventive measures in risk factors 
starting from childhood on. We also determined allelic 
frequencies of these RFLPs in residents of western and 
eastern Finland, i.e., subgroups of the same population 
with different prevalence of ischemic heart disease. 

MATERIALS AND METHODS 

Subjects 
Venous blood samples were collected from 307 healthy 

children, adolescents, and young adults who participated 
in an ongoing multicentre study “Cardiovascular Risk in 
Young Finns” (for study design, see ref. 25). A total of 
3,596 subjects aged 3, 6, 9, 12, 15, and 18 years parti- 
cipated in the first cross-sectional study in 1980. Equal 
numbers of males and females, rural and urban children, 
east and west Finns were required. The municipalities 
were chosen on the basis of their location and socioeco- 
nomic structure. The subjects were chosen at random in 
each municipality from the Social Insurance Institution’s 
population register. 

For the present study, 159 males and 148 females, 167 
from eastern and 140 from western Finland, were ran- 
domly selected. Timing of the follow-up blood samples 

TABLE 1. General design of the study: timing of blood samples for 
lipid determinations and total number of subjects in each age 

category 

Number of Subjects 
Total 

Age Group 1980 1983 1986 in the Age Group 

Y r  

12 111 98 209 
15 77 111 98 286 
18 21 77 111 209 

9 98 98 

21 21 77 98 
24 21 21 

Total 307 307 307 

(1983 and 1986) and age distribution of the study popula- 
tion at different follow-up points is illustrated in Table 1. 
Due to the small number of subjects in the age category 
of 24 years, no calculations on the genotypes and lipids 
were performed in this group. 

DNA analysis 

Samples for the DNA analysis were taken in 1986. 
DNA was isolated from 10 ml of venous blood (26). DNA 
(5-10 gg) was digested with restriction enzymes XbaI and 
SstI using conditions recommended by the manufacturer, 
fractionated by gel electrophoresis on 0.6% agarose, and 
transferred to nitrocellulose filters. The filters were prehy- 
bridized in a medium containing 6 x SSC (1 x SSC 
denotes 0.15 M NaCl, 0.015 M trisodium sulfate), 5 x 
Denhardt’s solution, 50 % deionized formamide, 0.2 % 
SDS, and 100 pg/ml herring sperm DNA for 3-4 h at 
42”C, and then hybridized with 1-3 x lo6 cpm/ml of a 
32P-labeled apoB or apoA-I DNA probe. ApoB cDNA 
probe, pB23 (27), and apoA-I genomic DNA probe, pSV2 
2.2 kb apoA-I, were generous gifts from Dr. Jan L. 
Breslow (The Rockefeller University, New York). After 
hybridization for 16-20 h at 42’C, the filters were washed 
three times with 2 x SSC-O.l% SDS at room tempera- 
ture and with 0.2 x SSC-O.l% SDS at 42OC. Autoradio- 
graphy of the dried filters was carried out by exposing 
them to Kodak XAR film for 1-5 days at - 70°C. 

The apoB allele resulting in the formation of an 8.6 kb 
XbaI restriction fragment (polymorphic XbaI site absent) 
is designated as X1, and that generating a 5 kb fragment 
(polymorphic site present) as X2. The apoA-I/C-111 allele 
producing SstI restriction fragments of 5.7 kb and 4.2 kb 
(polymorphic SstI site absent) is designated as S1, and that 
resulting in the formation of fragments of 5.7 kb and 3.2 
kb (polymorphic SstI site present) as S2. 

Lipoprotein analysis 

Serum lipid and lipoprotein analyses were carried out 
on blood samples obtained after 12 h of fasting. Samples 
were stored at - 20°C no more than 6 months until ana- 
lyzed. Serum cholesterol (28) and triglyceride (29) levels 
were determined by enzymatic methods (Boehringer, 
Mannheim, Germany). The concentration of serum 
HDL-cholesterol was measured enzymatically after preci- 
pitation of LDL and VLDL with dextran sulfate and 
MgC12 (30). LDL-cholesterol level was calculated using 
the formula of Friedewald, Levy, and Fredrickson (31): 
LDL-cholesterol (mmol/l) = total cholesterol (mmol/ 
1) - HDL-cholesterol (mmol/l) - triglyceride (mmol/ 
1)/2.19. 

Statistical methods 
The analyses of the relationship of the apoB XbaI and 

apoA-I/C-I11 SstI genotypes to serum lipoprotein levels 

1478 Journal of Lipid Research Volume 32, 1991 



were carried out by the analysis of covariance (ANCOVA) 
with the relative body mass index (BMI) defined as 
weight (kg)/height*(m*) as a covariate. Serum triglyceride 
values were transformed logarithmically before statistical 
analysis. BMI was used in order to reflect the changes that 
occur during sexual maturation. The degree of puberty 
was also assessed using the Tanner scale (32). The ana- 
lyses were carried out by the GLM procedure of the 
statistical software, SAS (Statistical Analysis System, SAS 
Institute, Cary, NC). Chi-square analysis was used to test 
allelic variation in different parts of Finland. 
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Principal characteristics concerning the developmental 
and lipoprotein changes of the cohort examined are sum- 
marized in Fig. 1.  The pubertal maturation closely fol- 
lowed the increment of the relative body mass of the 
subjects and was associated with a marked decrease of 
serum total and LDL cholesterol levels in both sexes 
(Fig. 1). 

Of the 307 subjects studied for their apoB genotypes, 
109 (35.5%) had the genotype X1X1, 137 (44.6%) geno- 
type XlX2, and 61 (19.9%) genotype X2X2. The apoA-I/ 
C-I11 genotype SlSl was present in 256 subjects (83.4%), 
genotype S1S2 in 48 (15.6%), and genotype S2S2 in 3 
(1%). The frequencies of the apoB alleles did not show any 
significant geographical differences; in contrast, the S2 
allele occurred more frequently (P < 0.05) in eastern 
than in western Finland (Table 2). The relative frequen- 
cies of the three apoB XbaI genotypes and three apoA-I/C- 
I11 SstI genotypes were similar to those expected from 
Hardy-Weinberg equilibrium (Table 2). No statistically 
significant sex differences in the allelic distribution of the 
apoB or apoA-I/C-I11 genes were found. 

When all lipid levels at the different age groups were 
taken into account and subjected to analysis of covariance 
with age, sex, and genotype as independent variables and 
BMI as a covariate, a statistically significant association 
was found between elevated serum total (P < 0.001) and 
LDL-cholesterol (P < 0.002) concentrations and the pre- 
sence of the X2 allele. In specific age groups the associa- 
tion between the X2 allele and serum LDL cholesterol 
level was significant (P < 0.05) at the age of 15 and 18 
(Fig. 2) in which the number of subjects investigated was 
the greatest (Table 1). In different age groups, subjects 
with the X2X2 genotype had a 4- 11 % higher mean serum 
total and a 4-20% higher mean serum LDL-cholesterol 
concentration than those with the genotype XlXl (Fig. 
2). Subjects with the genotype X1X2 had intermediate 
serum total and LDL-cholesterol concentrations except in 
the age categories of 18 and 21 years in which the subjects 
with this genotype had the lowest and highest serum LDL 

cholesterol levels, respectively (Fig. 2). There was no asso- 
ciation between the apoB XbaI genotype and serum HDL 
cholesterol or triglyceride levels in the whole cohort or at 
any age (Fig. 2). The association between the X2 allele 
and elevated serum total and/or LDL-cholesterol level was 
stronger in boys than girls (Fig. 3). This association was 
statistically significant in boys aged 9-18 years (Fig. 3). 

In all age groups investigated, there was a systematic 
trend towards elevated serum total and LDL cholesterol 
as well as triglyceride levels in subjects carrying the S2 
allele of the apoA-I/C-I11 gene complex (Fig. 4). Analysis 
of covariance, with age, sex, and genotype as independent 
variables and BMI as a covariate, demonstrated a sta- 
tistically significant association between the S2 allele and 
elevated serum total and LDL cholesterol levels (P < 
0.002 and P < 0.003, respectively) but not with serum 
triglycerides, when all lipid determinations at different 
ages were taken into account. Considering specific age 
groups alone, the association between the genotype S1S2 
and elevated serum total and LDL cholesterol level reach- 
ed statistical significance in boys aged 15 years (Fig. 5), 
i.e., the age groups with the highest number of subjects 
studied (Table 1). The presence of the S2 allele was not 
associated with any major differences in serum HDL- 
cholesterol or triglyceride concentrations, whether stu- 
died with the two sexes combined (Fig. 4) or the two sexes 
separately (Fig. 5). 
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Fig. 1. General characteristics of the population sample examined: 
puberty (Tanner) index, body mass index, and mean serum total 
cholesterol and LDL cholesterol levels; open circles, females; closed 
circles, males. 
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TABLE 2. ApoB XbaI and apo-AIK-111 SstI restriction fragment length polymorphisms: genotype 
distributions and allelic frequencies in western and eastern Finland 

ApoB ApoA-I/C-111 

Allele Allele 
Genotypes Frequencies Genotypes Frequencies 

Area of the 
Country X lXl  XlX2 x2x2 x 1  x2 SlSl s1s2 s2s2 s1 s2 

West ( n =  140) 51 56 33 0.56 0.44 124 15 1 0.94 0.06* 
East (n = 167) 58 81 28 0.59 0.41 132 33 2 0.89 0.11* 

"P<0.05 

Inspection of scattering of the individual serum LDL 
choelsterol values in different age and genotype categories 
revealed a relatively even distribution. There were, 
however, three individuals with a serum LDL cholesterol 
concentration of 7 mmol/l or more at one or repeated ex- 
aminations. All three types of the apoB XbaI genotypes 
(XlX1, XlX2, and X2X2) were represented among these 
three subjects and each had the apoA-I/C-I11 SlSl geno- 
type, suggesting that these three outliers did not sig- 
nificantly account for the genotype-related lipoprotein 
differences found in the present study. 

Since both the apoB X2 allele and the apoA-I/C-I11 S2 
allele were found to exert an LDL cholesterol-elevating 
effect, combined genotypes taking both gene loci into con- 
sideration were constructed and their effect on serum 
lipoprotein variation was analyzed (Table 3) .  At the ages 

of 9, 12, and 15 years, subjects carrying at least one 
X2 and one S2 allele (genotype X2+S2+) had a sig- 
nificantly higher serum total and LDL cholesterol con- 
centration than those without these alleles (genotype 
X2-S2-) (Table 3) .  This association was statistically 
strongest at the age of 9 years when subjects with the com- 
bined genotype X2+S2+ had, on the average, a 14% 
higher serum total cholesterol and a 20% higher serum 
LDL-cholesterol concentration than those with the com- 
bined genotype X2-S2- (Table 3) .  A qualitatively similar 
but statistically insignificant association between the 
genotype X2 + S2 + and elevated serum (LDL - cho- 
lesterol concentration level was seen in the other (18 and 
21 years) age groups (Table 3) .  It is worth noticing, 
however, that the association between the combined geno- 
type and serum total/LDL-cholesterol levels was seen in 

ALL SUBJECTS 
TOTAL CHOLESTEROL LDL-CHOLESTEROL 7t n.s. n.s. n.s. p=O.O3 n.s. 5t n.s. n.s. p=0.03 p-0.01 n.S. 

HDL-CHOLESTEROL TRIGLYCERIDES 
ns. n.s. n.s. n.s. n.s. n.s. n.s. 

- 3 2  1 1  

E l  

0 E 
E E 

9 12 15 18 21 9 12 15 18 21 
AGE GROUP (years) AGE GROUP (years) 

Fig. 2. SD) serum cholesterol, LDL-cholesterol, HDL-cholesterol, and triglyceride concentrations 
and the apoB XbaI genotypes of the whole series examined (n = 98-286 depending on the age group; see Table 
I). The degree of statistical significance (analysis of covariance) is also indicated (n.s., not significant); open bars, 
genotype XlXl; striped bars, genotype XlX2; closed bars, genotype X2X2. 

The mean ( 
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MALES 
TOTAL CHOLESTEROL LDL-CHOLESTEROL 7t p.0.03 n.8. p=0.03 p-0.02 n.8. 51p=0.002 p=0.02 p-0.001 p-0.01 n.s. 

T 

FEMALES 
n.s. n.8. n.s. n.s. n.s. 5 C  n? n.s. n.8. n.8. n.8. 

7c T 

- > - 
3 

E 
P 
E 

P 

9 12 15 18 21 9 12 15 18 21 
AGE GROUP (years) AGE GROUP (years) 

Fig. 3. SD) serum cholesterol and LDL-cholesterol levels and the apoB XbaI genotypes, studied 
separately in males and females. The degree of statistical significance (analysis of covariance) is also indicated (n.s., 
not significant); open bars, genotype XIXI; striped bars, genotype X1X2; closed bars, genotype X2X2. 

The mean ( 

males only when the sexes were analyzed separately 
(Table 3). No evidence of interaction between the inde- 
pendent variables (age, sex, and genotype) was found. 
There was no significant association between the combin- 
ed genotypes and serum HDL-cholesterol or triglyceride 
concentrations in any age category or either sex (data not 
shown). 

Genotype-related LDL cholesterol variation seemed to 
persist, although slightly diminished, during successive 
blood samplings with 3-year intervals while the subjects 
got older. Thus, in the total cohort examined (n = 307) 
the mean serum LDL cholesterol levels in the different 
apoB XbaI genotypes (XlX1, XlX2, and X2X2) were as 
follows: during the first sampling, 3.05, 3.21, and 3.49 

ALL SUBJECTS 
CHOLESTEROL 5 LDL-CHOLESTEROL 

n.8. n.s. n.s. n.s. n.s. 1 ";. n.s. n.8. p.0.05 n.s. 

HDL-CHOLESTEROL TRIGLYCERIDES 
3 t n.s. n.s. n.s. n.s. fl.8. I n.s. n.s. n.s. n.s. n.s. 

2 2  2 1  
E" 
E 

; 
€ 1  

9 12 15 18 21 9 12 15 18 21 
AGE GROUP (years) AGE GROUP (years) 

Fig. 4. The mean ( f. SD) serum cholesterol, LDL-cholesterol, HDL-cholesterol, and triglyceride concentrations 
and the apoA-IK-111 SstI genotypes of the whole series examined. There were three subjects with the genotype 
S2S2, not included in the analysis. The degree of statistical significance (analysis of covariance) is also indicated 
(n.s., not significant); open bars, genotype SlS1; striped bars, genotype S1S2. 
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MALES 
TOTAL CHOLESTEROL LDL-CHOLESTEROL 

7 1  n.8. n.8. p=0.02 n.8. n.8. 51 n.8. n.8. ~.(XOOJ n.8. n.8. - 

FEMALES 
8. n.8. n.8. n.8. n.8. 

- a - > - 
5 

e E E e 1  

9 12 15 18 21 9 12 15 18 21 
AGE GROUP (years) AGE GROUP (years) 

TRIGLYCERIDES 
n.8. n.8. n.8. n.8. n.8. 

T 

n.8. n.8. n.8. n.8. n.8. 

9 12 15 18 21 
AGE GROUP (years) 

Fig. 5.  The mean ( f SD) serum total cholesterol, LDL-cholesterol, and triglyceride levels and the apoA-I/C-I11 
SstI genotypes, studied separately in males and females. The degree of statistical significance (analysis of 
covariance) is also indicated (n.s., not significant); open bars, genotype SlS1; striped bars, genotype S1S2. 

mmol/l ( P  < 0.01); during the second sampling, 2.86, 
2:95, and 3.12 mmol/l (N.S.); and during the third 
sampling, 2.84, 2.87, and 3.17 mmol/l (N.S.), respectively. 
The corresponding LDL cholesterol levels in the different 
apoA-I/C-I11 genotypes (SlS1 and SlS2) were as follows: 
during the first sampling, 3.16 mmol/l and 3.38 mmol/l 
( P  < 0.05); during the second sampling, 2.89 and 3.29 
mmol/l (P < 0.01); and during the third sampling, 2.88 
and 3.14 mmol/l (N.S.), respectively. 

The association between the apoB XbaI genotype and 
serum LDL-cholesterol concentration was present both in 
western and eastern Finland; this relation was stronger in 
western Finland, however (Table 4). The association be- 
tween the apoA-I/C-I11 S2 allele and elevated serum 
LDL-cholesterol concentration was likewise somewhat 
stronger in western than eastern Finland (Table 4). There 
were no significant areal differences in the mean concen- 
trations of any of the serum lipid fractions studied. 

DISCUSSION 

The influence of commonly occurring genetic variation 
within some candidate gene loci, notably those for serum 
apolipoproteins, on serum lipoprotein levels has been 
studied virtually exclusively in adult subjects (for review, 
see refs. 33-35). We reasoned that a genetic influence on 
lipoprotein metabolism may become progressively mask- 
ed with advancing age with the influence of environmen- 

tal factors, such as diet, body weight, and the extent of 
physical activity. This prompted us to investigate whether 
such associations that are known to exist between a given 
DNA polymorphism and concentration of a serum lipo- 
protein fraction in adult population would become 
manifest as early as 9-21 years of age. It should be empha- 
sized that this interval includes the pubertal maturation 
process when exogeneous factors, including psychosocial 
and dietary changes, may markedly influence lipid meta- 
bolism and thus complicate the establishment of any asso- 
ciations between genetic factors and lipid levels. We 
attempted to minimize any interference by puberty in 
lipoprotein levels by adjusting the data for BMI of the 
subjects. This parameter was found to correlate closely to 
the Tanner scale classification of the subjects (Fig. 1). 

The two RFLPs, the apoB XbaI RFLP and apoA-I/C- 
I11 SstI RFLP, were selected for the present study by vir- 
tue of their documented association with variations of 
serum cholesterol (18) and triglyceride (36) levels, respec- 
tively, in the adult Finnish population. Finland forms a 
nearly ideal venue for this type of study due to its 
genetically isolated position. Linguistic, cultural, and reli- 
gious differences between Finland and its neighboring 
countries have prevented any major intercourse between 
the Finns and other populations; only insignificant immi- 
gration from Sweden and Russia has occurred since the 
settlement of the ancestor Finns more than 1500 years ago 
(37, 38). Studies on blood group and serum markers have 
demonstrated that the Finnish population is relatively 
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TABLE 3. Serum total and LDL cholesterol levels (mean f SD) grouped according to the combined 
genotypes of the subjects 

Total Cholesterol (mmolll) LDL-Cholesterol (mmolll) 
AgelSex 

Category x2-s2- x2+s2+ x2-s2- x2+s2+ 

9 Years 
All subjects 4.83 f 0.67 5.52 + 0.89" 2.97 + 0.56 3.55 f 0.64':' 

Boys 4.85 f 0.64 

Girls 4.82 + 0.72 

(14) (26) 

(7) (14) 

(12) (7) (12) (7) 

3.65 f 0.52'. 

3.45 + 0.76 

(26) 

(14) 
2.90 f 0.57 

3.11 f 0.57 

(14) 

(7) 
5.79 f 0.92" 

5.25 f 0.83 

12 Years 
All subjects 4.88 f 0.81 5.44 f 0.78" 2.97 + 0.77 3.41 f 0.68. 

3.01 f 0.83 Boys 5.00 f 0.86 5.70 k 0.76; 

Girls 4.75 f 0.74 5.18 f 0.73 2.87 0.70 

(22) (61) (61) (22) 

(11) (31) (11) (31) 

(30) (11) (30) (11) 

3.59 f 0.56 

3.22 f 0.77 

15 Years 
All subjects 4.58 f 0.83 5.00 f 0.87.. 2.76 f 0.75 3.16 + 0.77. 

(29) 
5.06 f 0.86*** Boys 4.46 f 0.71 

Girls 4.70 f 0.94 2.82 f 0.85 3.04 + 0.86 
(14) 
4.93 f 0.90 

(29) (83) (83) 

(43) (14) (43) 

(40) (15) (40) (15) 

3.28 f 0.67.'' 2.77 + 0.65 

18 Years 
All subjects 4.87 f 1.38 5.30 + 0.93 3.01 f 1.36 3.47 f 0.92 

3.31 f 0.54 Boys 4.61 f 1.03 5.15 + 0.56 2.84 + 0.98 

Girls 5.12 f 1.62 3.16 f 1.64 3.59 5 1.13 5.41 + 1.14 

(19) (19) (61 1 

(8) 

(61) 

(30) 

(31) (1 1) (31) (11) 

(30) (8) 

21 Years 
All subjects 4.70 f 0.81 4.98 f 0.93 2.82 f 0.71 3.14 f 0.76 

Boys 4.61 f 0.81 5.13 + 1.00 2.80 f 0.78 3.29 f 0.88 

2.99 f 0.70 Girls 4.79 + 0.84 

(10) (28) (10) 

(5) 

(28) 

(5) (15) 

(13) (5) (13) (5) 

(15) 
2.83 f 0.65 4.83 f 0.94 

The data shown are actual values. Subjects carrying at least one X2 allele and one S2 allele are designated as 
X2 + S2 + , while those homozygous for both the X1 and S1 alleles are designated as X2-S2-. Numbers of subjects 
examined are shown in parentheses below each experimental value. 
'P < 0.05, **P < 0.01, ***P < 0.005 (analysis of covariance, with data adjusted for BMI). 

homogeneous in genetic terms (38). However, because 
eastern and northern parts of the country represent 
younger settlements of Finland and the number of their 
founder individuals was probably small, deviations in 
gene frequencies between the southwestern and north- 
eastern parts of the country may have arisen (37, 38). 

The present data demonstrate that in young Finnish 
subjects there is an association between serum LDL 
cholesterol level and the XbaI polymorphism of the apoB 
gene. The association of the X2 allele with elevated serum 
lipid levels has been found in several studies on adult sub- 
jects (15-17), including our previous one performed in 
Finns (18). The impact of the apoB XbaI RFLP on serum 
LDL cholesterol level seems to be approximately equal in 
the young and adult Finns as demonstrated in Table 5 .  

Thus, in the age groups with the highest number of sub- 
jects studied (Le., 12, 15, and 18 years), serum LDL- 
cholesterol concentration in the genotype X2X2 was 
10-14% higher than that in the genotype XlX1; this com- 
pares well with the data from adult Finns in which the 
corresponding figure was 12% (Table 5; ref. 18). The 
mechanisms behind this association remain unknown. 
The XbaI RFLP of the apoB gene does not involve a 
change in the amino acid sequence (39), suggesting that 
this single base variation may be in linkage disequilibrium 
with a functionally more important DNA alteration that 
predisposes to elevated serum LDL-cholesterol concentra- 
tion. There is evidence that the fractional catabolic rate 
of LDL is lower in subjects with an X2X2 genotype than 
in those with an XlXl genotype, suggesting that this poly- 

Aalto-Setala et al. Apolipoprotein B and A-IIC-I11 genes and serum lipids in children 1483 



TABLE 4. Serum LDL cholesterol concentrations (mean f SD) in western and eastern Finland, grouped 
according to the apoB and apo A-I/C-111 genotypes of the subjects. 

ApoB Genotype ApoA-I/C-111 Genotype 
AredAge 

Category X l X l  x 1 x 2  x 2 x 2  SlSl s1s2 

Western Finland 
9 years (n = 57) 

12 years (n = 102) 
15 years (n = 132) 
18 years (n = 83) 
21 years (n = 38) 

Eastern Finland 
9 years (n = 41) 

12 years (n = 107) 
15 years (n = 154) 
18 years (n = 126) 
21 years (n = 60) 

mmol/l 

2.96 f 0.63 3.27 f 0.49 3.65 f 0.67. 
2.95 k 0.88 3.07 f 0.61 3.34 i 0.98 
2.75 f 0.76 2.76 f 0.63 3.09 f 0.75' 
3.01 f 0.95 2.70 f 0.62 3.57 f 1.61** 
2.87 f 0.67 3.30 i 0.82 2.82 f 0.67 

3.25 k 0.56 3.70 i 1.40 3.90 k 1.17 
3.08 f 0.70 3.33 t 1.00 3.53 + 0.95 
2.84 0.77 2.94 f 1.08 3.19 f 0.83 
3.01 f 1.47 2.79 f 0.81 3.08 f 0.97' 
2.75 f 0.68 3.00 k 0.92 3.00 i 0.81 

mmoNl 

3.17 f 0.64 3.90 f 0.61" 
2.96 f 0.75 3.49 i 0.63* 
2.76 k 0.67 3.13 f 0.67 
2.92 + 0.98 3.25 i 0.56 
2.99 f 0.71 3.18 5 1.20 

3.70 f 1.38 3.36 f 0.56 
3.30 f 0.94 3.29 i 0.70 
2.94 f 0.99 3.09 f 0.80 
2.87 f 1.11 3.34 1.00 
2.90 f 0.89 2.93 f 0.48 

The data shown are actual values. Three subjects with the genotype S2S2 (one in western and two in eastern 

'P < 0.05, **P < 0.01 (analysis of covariance, with data adjusted for gender and BMI). 
group) were excluded from the analysis. 

morphism is associated with structural variation in the 
apoB molecule (40, 41). When portions of the apoB gene 
encoding the putative receptor binding regions were se- 
quenced, no consistent DNA alterations were yet found 
between the X1 and X2 alleles (P. Talmud, personal com- 
munication). We cannot offer any explanation for the 
stronger association of the XbaI RFLP with serum LDL 
cholesterol level in males. It is unlikely that the expression 
of the cholesterol-regulating effect of the XbaI polymor- 
phism would be sex steroid-dependent since our earlier 
study indicated this association to become apparent to the 
same extent in adult males and females (18). 

In a previous study (36) we found that the S2 allele 
bearing an additional SstI restriction site in the apoA-I/C- 
I11 gene complex is present in 62% of Finnish adult sub- 
jects with hypertriglyceridemia but in only 16% of healthy 
controls (P < 0.001). The association of the S2 allele with 

elevated serum triglyceride levels has been found in some 
other (19, 20, 22) but not all adult populations (21, 42). 
The importance of the apoA-I/C-I11 gene complex as a 
candidate gene locus for common inherited lipid disorders 
is further substantiated by the recent report of linkage of 
the XmnI polymorphism of this gene cluster to familial 
combined hyperlipidemia (43). In the present study on 
young subjects, we did not find any association between 
the apoA-I/C-I11 SstI genotype and serum triglyceride 
concentrations, but there was a significant association, in 
the youngest age groups and males in particular, between 
the presence of S2 allele and elevated serum total as well 
as LDL cholesterol levels (Figs. 4 and 5 ) .  Only three sub- 
jects with the genotype S2S2 were found, invalidating any 
conclusions on their lipid levels. Since the single base 
variation responsible for the SstI polymorphism does not 
lead to changes in the amino acid sequence of either 

TABLE 5. Serum LDL cholesterol concentrations (mean f SD) in young and adult Finns according to the 
apoB XbaI genotypes, and the difference (in percentage) between the respective concentrations in the 

X2X2 and XlXl genotypes. 

ApoB Genotype 
Difference 

Group X l X l  x 1 x 2  x 2 x 2  X2X2 minus X l X l  
~~~ 

mmol/l % 

Young Finns 
9 years (n = 98) 3.08 f 0.60 3.48 f 1.03 3.69 k 0.80 + 20 

15 years (n = 286) 2.80 + 0.76 2.86 k 0.91 3.14 f 0.78 + 12 
18 years (n = 209) 3.01 f 1 .27  2.75 +_ 0.74 3.30 f 1.30 + 10 
21 years (n = 98) 2.80 k 0.67 3.09 f 0.89 2.92 k 0.74 + 4  

Adult Finns (n = 176) 3.49 + 1.04 3.91 f 1.38 3.91 f 1.10 + 12 

12 years (n = 209) 3.02 f 0.79 3.21 f 0.85 3.43 i 0.95 + 14 

Data for adult Finns are from ref. 18 
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apoA-I or apoC-I11 (44), the mechanisms of any associa- 
tion between this RFLP and serum lipoprotein levels re- 
main obscure. 

We cannot offer any firm explanation for the fact that 
the S2 allele was associated with serum triglyceride levels 
in our previous study on adults (18), while in the present 
study the same allele was most significantly associated 
with serum LDL cholesterol levels in children. It is of note 
that in each age category examined, serum triglyceride 
and serum LDL cholesterol levels correlated significantly 
with each other; as an example, the correlation coefficient 
in the largest age group examined (15 years) was + 0.24 
(P = 0.003). It is possible that the underlying genetic ab- 
normality linked to the S2 allele increases VLDL that is 
converted to LDL more efficiently in youth than adults. 
It should be pointed out, however, that the estimation of 
serum LDL concentration in the present study was based 
on mathematical derivation from the total and HDL 
cholesterol as well as triglyceride levels (31). This ap- 
proach may miss a possible association of the S2 allele 
with elevation of intermediate density lipoproteins (IDL), 
i.e., small triglyceride-rich lipoproteins. Another potential 
source of error that may result in an underestimation of 
the influence of the apoB and A-I/C-I11 polymorphisms 
on serum lipid levels lies in the day-to-day and seasonal 
variation of serum cholesterol levels as well as the metho- 
dological variability of serum cholesterol measurements. 
In fact, when all three measurements for each subject 
were taken into account, an analysis of covariance 
demonstrated a highly significant ( P  < 0.005) association 
between, first, the presence of the X2 allele and serum 
total (and LDL) cholesterol levels and, second, between 
the presence of the S2 allele and serum total (and LDL) 
cholesterol levels in the total cohort (n = 307) examined. 

The combined genotype X2 + S2 + was associated with 
an even more marked elevation of serum total and LDL 
cholesterol levels than either of the two alleles (X2 or S2) 
alone (Table 3, Figs. 2-5). Again, this association was 
stronger in males than females (Table 3). It did not reach 
statistical significance in the two older age groups, which 
may be explained by the fact that the genotype combina- 
tions used (X2-S2- and X2 + S2 + ) excluded the subjects 
with the presence of only one of these alleles (X2 or S2) 
rendering the sizes of the groups under comparison 
relatively small. Altogether, these data further strengthen 
the assumption that common genetic variation at both the 
apoA-I/C-I11 and apoB gene loci influences serum lipo- 
protein levels. 

Significant geographical differences in the incidence 
and mortality of coronary heart disease (CHD) still exist 
in Finland. Thus, in certain areas of east Finland the 
mortality rate for C H D  has been almost twice that in 
specific areas of west Finland (45-47). The reasons for 
these areal differences are not completely understood but 

a slightly more atherogenic serum lipid profile prevalent 
earlier, at least in the late 1950s, 1960s, and early 1970s 
(46), in eastern Finland may offer a partial explanation. 
Furthermore, although the present sample of about 300 
children and adolescents did not reveal a statistically sig- 
nificant east-west difference in serum lipid levels, data 
from the whole cohort of the study “Cardiovascular Risk 
in Young Finns” (more than 3000 children) have shown 
that serum LDL cholesterol levels of children from 
eastern Finland were about 5% higher (P < 0.001) than 
those of children from western Finland in 1980; this 
difference slightly diminished yet remained significant 
during follow-up screenings in 1983 and 1986 (48). It is 
thus pertinent to explore whether any significant geo- 
graphical differences in the occurrence of the putative 
hyperlipidemia-predisposing apoB and apoA-I/C-I11 
alleles exist in Finland. While the apoB XbaI RFLP did 
not display any significant areal variation, the frequency 
of the S2 allele of the apoA-I/C-I11 gene complex was sig- 
nificantly higher in the east than in the west (Table 3). 
Whether this implies any relationship to the higher C H D  
mortality rate in the east awaits further studies, e.g., such 
ones in which the occurrence of the S2 allele in survivors 
of myocardial infarction from both eastern and western 
Finland is estimated. It is unlikely that genetic variation 
of another serum lipid transport protein, apolipoprotein 
E, could explain east-west differences in serum lipid levels 
or C H D  mortality rate in Finland since Lehtimaki et al. 
(49) did not find significant regional differences in the 
apolipoprotein E phenotype distributions in a large 
population sample of Finnish children. 

In conclusion, the present communication provides evi- 
dence that common genetic variation at the apoA-I/C-I11 
and apoB gene loci influences serum lipoprotein levels 
from at least the age of 9 years onwards. The association 
between the apoB X2 allele and elevated serum LDL 
cholesterol level in children aged 9 to 15 years is at least 
equally strong as in adult Finns. This study also shows 
that, within a given relatively homogeneous population, 
areal differences in the prevalence of lipid-regulating gene 
alterations may exist. Whether these findings imply any 
clinically relevant differences in atherosclerosis risk within 
the population or its subpopulations must await further 
studies. 
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