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Cholesteryl ester transfer protein (CETP) is understood to
play a regulatory role in HDL cholesterol (HDLC) metabolism.
In this study, the effect of CETP genotypes on plasma lipid and
lipoprotein levels in 348 Vietnamese girls (aged 7–9) with
different nutritional conditions was analyzed. The two mutations,
intron 14 G(�1)-to-A (I14A) and Asp 442 to Gly within exon 15
(D442G), and the TaqIB polymorphism in the CETP gene were
identified by an Invader assay. The D442G mutation was present
with a frequency of 0.034, while the I14A mutation was absent.
HDLC levels were significantly higher in carriers of the D442G
mutation than in noncarriers, regardless of the nutritional status.
Low-density lipoprotein (LDL) cholesterol and triglyceride lev-
els were not significantly lower in carriers of D442G mutation.

The frequency of the TaqIB2 allele was 0.34, which was lower
than that observed in other Asian populations. TaqIB2B2 carriers
also had significantly higher HDLC levels, but this association
was weaker than that of the D442G mutation. Overall, genetic
variations at the CETP gene locus may account for a significant
proportion of HDLC variation in Vietnamese children. (Pediatr
Res 58: 1249–1253, 2005)

Abbreviations
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HDLC levels in plasma may be altered by a variety of
environmental factors including alcohol consumption, a low fat
diet, obesity, smoking, and exercise (1). In the general popu-
lation, about 50% of plasma HDLC variability derives from
genetic factors (2). CETP is a plasma glycoprotein that trans-
fers cholesterol ester from HDLC to triglyceride (TG)-rich
lipoproteins and regulates plasma HDLC levels (3,4). Two
CETP gene mutations, an intron 14 G(�1)-to-A mutation
(I14A) and a missense mutation, Asp442 to Gly within exon 15
(D442G), first described in Japanese population, were found to
be associated with a CETP deficiency and increased HDLC
levels (5,6). In addition, several common restriction fragment
length polymorphisms (RFLPs) have also been reported in the
CETP gene locus (7–9). The most studied RFLP to date has
been TaqIB, which has been shown to be a silent base change

affecting the 277th nucleotide in the first intron of the gene.
The B2 allele (in which the TaqIB restriction site is absent) at
this polymorphic site has been associated with increased
HDLC levels and decreased CETP activities and levels in
normolipemic subjects, thus resembling a mild form of CETP
deficiency (10–12). The risk of coronary artery disease is
inversely related to plasma HDLC levels. Therefore, identifi-
cation of the underlying genetic basis of plasma HDLC levels
is key to the understanding of atherosclerosis-related diseases,
which are among the 10 leading mortality causes in Vietnam
(13). The aim of this study was to determine the importance of
genetic variants in the CETP gene to predict the HDLC levels
for the Vietnamese children under different nutritional statuses.

METHODS

Study subjects. The study subjects included 348 schoolgirls, aged 7 to 9 y
old, who were randomly selected from two schools in the center of Hochiminh
city (an urban area) and three schools in the suburban areas in Hochiminh city
(a rural area). All the subjects were Kinh, which is the major ethnic group in
Vietnam. The characteristics of the children have been described in detail
elsewhere (14). The research protocol was approved by the Research and
Ethical Review Board of the Ho Chi Minh Child Nutrition Center. The
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informed consent to participate in the study was given by the parents of the
subjects.

Anthropometric and dietary intake measurement. Anthropometric mea-
surements including the weight, height, and left mid-arm circumference were
examined. The body mass index was calculated from the baseline measure-
ments of body weight and height (kg/m2). The body fat was measured using a
bioelectric impedance method on a body fat analyzer (TBF-511, Tanita Co.,
Ltd., Tokyo, Japan).

The parents were interviewed regarding the dietary intake of their children
for three consecutive days and nutritionists carried out these interviews. The
dietary intake was calculated according to Vietnamese food composition table
(15).

Laboratory analyses. Fasting blood samples were obtained in EDTA-
coated Vacutainer tubes during clinical examinations for children. The samples
were stored at �80°C until analysis. The total cholesterol (TC), LDL choles-
terol (LDLC), HDLC, and TG levels were determined by enzymatic methods
(Determiner L, Kyowa Medex, Tokyo, Japan).

Genomic DNA was isolated from 2 mL of whole blood from the subjects
using a commercially available kit (QIA Amp DNA Mini Kit; QIAGEN,
Valencia, CA). The Invader assay was used to determine any mutations of
CETP I14A, D442G, and TaqIB polymorphism, as previously described (16).

Statistical analyses. The �2 test was used to examine any differences in the
distribution of the CETP genotypic frequencies among rural and urban groups.
The Hardy-Weinberg equilibrium of the CETP polymorphism was also as-
sessed by the �2 test. Continuous variables were expressed as the mean � SD,
and significant differences of the plasma lipids between the CETP genotypes
were evaluated by analysis of variance (ANOVA) and the post hoc test
(Scheffé test). Statistical procedures were performed using the StatView
statistical program 5.0 (SAS Institute Inc., Cary, NC). A p value of �0.05 was
considered to be statistically significant.

RESULTS

Frequencies for the I14A and D442G mutations and the
TaqIB polymorphism in CETP gene. As shown in Table 1,
none of subjects carried the I14A mutation. In contrast, the
D442G mutation was detected in 17 people (8.8%) from the
rural subgroup and in seven people (4.5%) from the urban
subgroup. The difference in the frequency between two groups
was insignificant. Only the D442G heterozygous mutant was
found in these Vietnamese children. On analyzing the TaqIB
polymorphism, the frequencies for the B1B1, B1B2, and B2B2
variants were 43.5%, 44.6%, and 11.9% in rural group and
44.5%, 45.8%, and 9.7% in urban group, respectively. The
distribution of D442G mutation and TaqIB polymorphism
were in Hardy-Weinberg equilibrium.
Nutritional statuses and the CETP genotypes. The urban

group had a higher quantity of energy and fat intake and better
anthropometric parameters than the rural group (Tables 2 and
3). There was no difference in the profiles regarding the dietary

intake and anthropometric factors among CETP D442G or
TaqIB genotypes in the rural group. However, the quantity of
fat intake in the D442G mutant carriers was significantly
higher than that of the wild-type carriers (p � 0.05, Table 2),
and the quantity of fat intake was also significantly higher in
the B2B2 carriers than that in the B1B1 carriers (p � 0.05,
Table 3).
Associations between CETP gene D442G mutation and the

plasma lipid and lipoprotein levels. The D442G mutant carri-
ers had significantly higher HDLC levels than nonmutant
carriers, and the HDLC levels in the rural group were 1.14 �
0.3 and 0.96 � 0.2 mmol/L (p � 0.005) for mutant and
nonmutant carriers, respectively, while in the urban group they
were 1.50 � 0.1 and 1.25 � 0.3 mmol/L (p � 0.05) for mutant
and nonmutant carriers, respectively (Table 4).
Associations between the CETP gene TaqIB polymorphism

and plasma lipid and lipoprotein levels. An elevated plasma
HDLC level in B2 allele carriers was observed dose-
dependently in both groups (Table 5). B1B1 carriers had lower
HDLC levels (0.93 � 0.2 mmol/L) than the B1B2 carriers
(1.00 � 0.2 mmol/L) and B2B2 carriers (1.07 � 0.3 mmol/L)
in the rural group (p � 0.05). Likewise, TaqIB2 carriers tended
to have elevated HDLC levels in the urban group (1.33 � 0.3
in B2B2 carriers, 1.27 � 0.3 in B1B2 carriers and 1.23 � 0.3
mmol/L in B1B1 carriers) [p � not significant (NS)].
The interaction of the D442G mutation and TaqIB poly-

morphism regarding the plasma HDLC levels. The genetic
effects of D442G and TaqIB on the HDLC levels in both the
urban and rural groups are shown in Table 6. The D442G
mutant carriers had higher HDLC levels than the nonmutant
carriers in all types of TaqIB polymorphism (p � NS). In
wild-type D442G carriers, the HDLC levels tended to increase
in the TaqIB B2 carriers in both groups (0.93 � 0.2, 0.98 �
0.2, and 1.04 � 0.3 mmol/L in B1B1, B1B2, and B2B2 carriers
in the rural group, respectively, and 1.22 � 0.3, 1.26 � 0.3 and
1.32 � 0.3 mmol/L in B1B1, B1B2 and B2B2 carriers in the
urban group, respectively). In the D442G mutant carriers, this
trend was observed in the rural group (1.12 � 0.2 and 1.25 �
0.4 mmol/L in B1B2 carriers and B2B2 carriers in rural group,
respectively), but it was not clear in the urban group (1.38
and 1.73 in B1B1 carriers, 1.45 � 0.1 in B1B2 carriers, and
1.57 mmol/L in B2B2 carriers).

Table 1. Frequencies of CETP TaqIB polymorphism and D442G mutation in Vietnamese children

CETP I14A

CETP D442G CETP TaqIB

Mutant Wild type B1B1 B1B2 B2B2

Frequency % (no.)
Total (n � 348) 0 6.9 (24) 93.1 (324) 44.0 (153) 45.1 (157) 10.9 (38)
Rural (n � 193) 0 8.8 (17) 91.2 (176) 43.5 (84) 44.6 (86) 11.9 (23)
Urban (n � 155) 0 4.5 (7) 95.5 (148) 44.5 (69) 45.8 (71) 9.7 (15)

Allele frequency I14A D442G mutant B1 allele B2 allele
Total 0 0.034 0.66 0.34
Rural 0 0.044 0.66 0.34
Urban 0 0.023 0.67 0.33
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DISCUSSION

This study proved that a significant proportion of the vari-
ation in plasma HDLC levels was associated with the CETP
genotypes in Vietnamese children. The effects of the CETP
gene, including a D442G mutation and the TaqIB polymor-
phism on plasma HDLC levels were examined in girls ranging
from 7 to 9 y of age with different nutritional statuses while
minimizing confounding factors such as puberty, medicines,
and smoking.

Plasma HDLC levels in the children with D442G heterozy-
gote were significantly elevated by 20% in comparison to
wild-type children in the rural and urban area. This result was
compatible with the findings of other studies carried out using
adults in Chinese (17), Taiwanese (18), Japanese (19), and
Korean (20) populations. D442G mutant carriers were thus
shown to have a lower CETP activity and mass resulting in

higher HDLC levels due to a slower rate of apoA-I catabolism
(21–23). In contrast, one study on Japanese children (average
age of 10) showed that plasma levels of HDLC, apoA-I, and
apoA-II did not increase in the D442G heterozygous carriers in
comparison to wild-type carriers (24). The authors of this study
concluded that the D442G mutation, by itself, might not affect
HDLC metabolism in children (24). The discrepancy between
this result and our result might be explained by their small
sample size (only 32 boys and 33 girls of wild type and 10 boys
and 11 girls of heterozygotes). The magnitude of the elevated
plasma HDLC levels caused by the D442G mutation in the
Vietnamese children with a low fat intake was similar to those
of other populations with a higher fat intake (25.2%) in the
Japanese (25). Therefore, the effect of this mutation on plasma
HDLC levels was not influenced by the low fat intake.

An effect of the TaqIB2 allele on plasma HDLC levels was
also observed in Vietnamese children, regardless of the nutri-
tional status, although the elevated effect of the TaqIB2 allele

Table 2. Nutritional status of Vietnamese children according to
CETP D442G genotypes

Mutant Wild type

Rural (n � 193) 17 176
Energy intake (kcal) 1390 � 307 1255 � 310
Fat intake E (%) 16.1 � 5.2 15.5 � 5.7
Carbohydrate intake E (%) 69.1 � 6.1 70.1 � 6.5
Protein intake E (%) 14.8 � 2.0 14.4 � 2.1
Body mass index (kg/m2) 13.9 � 1.5 14.0 � 1.2
Body fat (%) 10.2 � 3.4 10.7 � 2.9
Left mid-arm circumference (cm) 16.0 � 1.3 16.0 � 1.3

Urban (n � 155) 7 148
Energy intake (kcal) 1991 � 384 1772 � 346
Fat intake E (%) 25.8 � 5.1* 22.2 � 4.2
Carbohydrate intake E (%) 56.2 � 3.9 59.6 � 5.2
Protein intake E (%) 15.8 � 2.3 15.9 � 2.2
Body mass index (kg/m2) 16.4 � 1.8 15.8 � 2.4
Body fat (%) 14.3 � 4.7 15.2 � 6.0
Left mid-arm circumference (cm) 18.3 � 2.6 18.0 � 2.3

Values are the mean � SD. E (%) is the percentage of total energy intake.
* p � 0.05 when compared to wild type.

Table 3. Nutritional status of Vietnamese children according to
CETP TaqIB genotypes

B1B1 B1B2 B2B2

Rural (n � 193) 84 86 23
Energy intake (kcal) 1315 � 331 1234 � 287 1214 � 316
Fat intake E (%) 15.2 � 5.3 16.1 � 6.2 15.0 � 4.5
Carbohydrate intake E (%) 70.3 � 6.2 69.4 � 6.9 71.0 � 5.5
Protein intake E (%) 14.5 � 2.1 14.5 � 2.1 14.0 � 2.1
Body mass index (kg/m2) 14.1 � 1.2 13.9 � 1.3 13.6 � 0.9
Body fat (%) 10.8 � 2.6 10.7 � 3.4 10.1 � 2.4
Left mid-arm circumference

(cm)
16.0 � 1.2 16.0 � 1.4 15.6 � 1.3

Urban (n � 155) 69 71 15
Energy intake (kcal) 1772 � 356 1768 � 359 1893 � 265
Fat intake E (%) 22.1 � 3.9 22.3 � 4.6 24.5 � 4.5*
Carbohydrate intake E (%) 60.2 � 4.4 59.2 � 5.8 56.8 � 4.2*
Protein intake E (%) 16.0 � 2.5 15.7 � 2.2 16.0 � 1.4
Body mass index (kg/m2) 15.7 � 2.4 15.9 � 2.5 16.2 � 1.8
Body fat (%) 15.1 � 6.0 15.0 � 6.2 16.1 � 4.2
Left mid-arm circumference

(cm)
18.0 � 2.3 17.9 � 2.6 18.2 � 1.3

Values are the mean � SD. E (%) is the percentage of total energy intake.
* p � 0.05 when compared to B1B1 carriers.

Table 4. Plasma levels of lipids and lipoproteins of Vietnamese
children according to CETP D442G genotypes

D442G

pMutant Wild type

Total (n � 348) 24 324
TC (mmol/L) 3.89 � 0.7 4.05 � 0.8 NS
LDLC (mmol/L) 2.03 � 0.6 2.34 � 0.6 �0.05
HDLC (mmol/L) 1.25 � 0.3 1.09 � 0.3 �0.05
TG (mmol/L) 1.09 � 0.4 1.22 � 0.7 NS

Rural (n � 193) 17 176
TC (mmol/L) 3.70 � 0.5 3.69 � 0.6 NS
LDLC (mmol/L) 1.94 � 0.5 2.11 � 0.5 NS
HDLC (mmol/L) 1.14 � 0.3 0.96 � 0.2 �0.005
TG (mmol/L) 1.17 � 0.4 1.19 � 0.5 NS

Urban (n � 155) 7 148
TC (mmol/L) 4.36 � 0.7 4.48 � 0.7 NS
LDLC (mmol/L) 2.26 � 0.7 2.61 � 0.6 NS
HDLC (mmol/L) 1.50 � 0.1 1.25 � 0.3 �0.05
TG (mmol/L) 0.90 � 0.3 1.26 � 0.8 NS

Values are the mean � SD.

Table 5. Plasma levels of lipids and lipoproteins of Vietnamese
girls according to CETP TaqIB polymorphism

CETP TaqIB

B1B1 B1B2 B2B2

Total (n � 348) 153 157 38
TC (mmol/L) 3.96 � 0.7 4.09 � 0.9 4.17 � 0.7
LDLC (mmol/L) 2.27 � 0.7 2.36 � 0.6 2.36 � 0.4
HDLC (mmol/L) 1.06 � 0.3 1.12 � 0.3 1.18 � 0.3*
TG (mmol/L) 1.28 � 0.7 1.16 � 0.6 1.17 � 0.4

Rural (n � 193) 84 86 23
TC (mmol/L) 3.65 � 0.6 3.69 � 0.7 3.84 � 0.7
LDLC (mmol/L) 2.08 � 0.4 2.10 � 0.6 2.14 � 0.5
HDLC (mmol/L) 0.93 � 0.2 1.00 � 0.2 1.07 � 0.3*
TG (mmol/L) 1.23 � 0.5 1.15 � 0.6 1.22 � 0.5

Urban (n � 155) 69 71 15
TC (mmol/L) 4.34 � 0.7 4.57 � 0.8 4.68 � 0.5
LDLC (mmol/L) 2.48 � 0.6 2.67 � 0.7 2.71 � 0.5
HDLC (mmol/L) 1.23 � 0.3 1.27 � 0.3 1.33 � 0.3
TG (mmol/L) 1.34 � 0.9 1.18 � 0.7 1.09 � 0.4

Values are the mean � SD.
* p � 0.05 when compared to B1B1 carriers.
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on HDLC levels was found to be weaker than that in the
D442G mutation. In both groups of children in rural and urban
settings, plasma HDLC levels in TaqIB2 allele carriers were
higher than those in TaqIB1 allele carriers. In comparison to
the B1 homozygote, plasma HDLC levels of the B2 homozy-
gote increased by 15% and 8% in rural and urban children,
respectively. In the present study, no data on the CETP protein
level or activity were available; however, previous reports
showed that the B2 allele as well as D442G mutant were both
associated with a decrease in the CETP protein level or activity
(19,24,26). The site of the D442G mutation is close to the
active site of CETP, and the cellular expression of mutant
cDNA leads to a reduction in the CETP secretion and the
specific activity (6). On the other hand, the mechanism by
which the TaqIB polymorphism may affect the CETP protein
level or activity is not well understood. It is plausible to explain
that this polymorphism is in linkage disequilibrium with some
unknown functional mutation in the CETP gene. In either
genotype, the CETP protein level or activity was decreased,
resulting in higher HDLC levels.

Other studies showed that the association between CETP
genotypes and plasma HDLC levels was decreased due to
environmental factors including smoking (27), obesity, and
high TG levels (18) and was enhanced by alcohol consumption
(27,28). Therefore, the interaction between CETP genotypes
and environmental factors on plasma HDLC levels might occur
in individuals with high TG levels and/or obese people who are
vulnerable to developing metabolic syndrome. However, such
interaction might not be found in those with a low fat intake.
Obese children have been reported to have increased serum
CETP levels and lower plasma HDLC levels (29,30). Only
2.3% of the children (eight children) in this study were over-
weight (classified as overweight if the weight-for-height Z
score was �2). These overweight children showed lower
plasma HDLC levels than their counterparts (1.16 versus 1.26
mmol/L), but the change was not significantly different.

The frequency of the CETP D442G mutation in the Viet-
namese was comparable to that in other Asian populations

including Chinese (5%) (17), Taiwanese (6.7%) (18), Japanese
(7.28%) (19), and Korean (5.9%) (20). This mutation was
rarely found in Europeans (27), so it seems that this mutation
is particular to Asian populations. The CETP TaqIB B2 allele
frequency of the Vietnamese was lower than those of the
Taiwanese (42.3%) (18), Japanese (49.9%) (26), and nearly the
same as those of Koreans (36%) (20). In whites, the frequency
of the B2 allele was 44% (31), and therefore it was also higher
than that in the Vietnamese. The CETP I14A mutation found
neither in Vietnamese children, Taiwanese (18), nor Koreans
(20), whereas it is 0.55% in the Japanese (19) and 1% in the
Chinese (17). However, the frequency of the I14A mutation
also varies in different regions in Japan, and this mutation was
found to be 20-fold more frequent in Omagari than in other
areas (32).

In conclusion, our findings suggest that the roles of CETP
D442G mutation and TaqIB polymorphism might explain a
significant proportion of the variability in plasma HDLC levels
in Vietnamese children. Furthermore, this is the first report to
indicate the effects of a D442G mutation and the TaqIB
polymorphism on the plasma HDLC levels in subjects with a
low fat intake. The effect of the D442G and TaqIB genotype on
the plasma HDLC levels was not related to a low fat diet.
Additional studies therefore need to be conducted to demon-
strate whether these CETP genotypes play an important role in
the risk of coronary artery disease among the Vietnamese
population.
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