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Association and interaction between dietary pattern and
VEGF receptor-2 (VEGFR2) gene polymorphisms on
blood lipids in Chinese Malaysian and Japanese adults
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Background/Aims: Dietary pattern and genetic predisposition of each population have different impacts on life-
style-related chronic diseases. This study was conducted to evaluate the association and interaction between die-
tary patterns and VEGFR2 or KDR gene polymorphisms on physical and biochemical risk factors of cardiovascu-
lar disease in two Asian populations (179 Chinese Malaysian and 136 Japanese adults). Methods: Dietary patterns
were constructed from food frequency questionnaire using factor analysis. Genotyping of rs1870377 and
152071559 was performed by real-time PCR using TagMan probes. Physical measurements: body mass index,
systolic and diastolic blood pressures and biochemical parameters: glycated hemoglobin Alc and blood lipids (to-
tal cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol and total cholesterol/HDL-C ratio) were meas-
ured. Results: Two dietary patterns were extracted for: Japanese (‘Japanese diet’ and ‘Western diet’) and Chinese
Malaysians (‘Balanced diet’ and ‘Meat, rice and noodles diet’). In Japanese, ‘Western Diet” and rs2071559 were
associated with LDL-C and HDL-C, respectively. In Chinese Malaysians, ‘Meat, rice and noodles diet” was asso-
ciated with triglycerides, HDL-C and total cholesterol/HDL ratio while rs1870377 and rs2071559 were associated
with total cholesterol and/or LDL-C. The interaction between ‘Western Diet” and rs2071559 in Japanese and
‘Meat, rice and noodles diet’ and rs1870377 in Malaysians had significant effects on blood lipids after adjusting
for confounders. Conclusions: The association and interaction of dietary patterns and VEGFR2 gene polymor-
phisms on blood lipids differ between Chinese Malaysian and Japanese subjects by either decreasing or increas-

ing the risk of cardiovascular disease.
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INTRODUCTION

The role of diet and nutrition in the prevention and treat-
ment of cardiovascular disease (CVD) or coronary heart
disease (CHD) is well-documented in literature.' Hence,
nutritional studies in relation to these chronic diseases are
prominent among researchers in order to achieve person-
alized nutrition in the future. In nutritional epidemiologic
studies, there are two main approaches for dietary intake
analysis, which are single nutrient intake and dietary pat-
tern (combination of foods) with the latter being the pre-
ferred method.! Popular dietary patterns in the Western
population namely ‘Mediterranean diet’, ‘Prudent diet’
and ‘Western diet’ have also been linked to CHD** but
association studies involving dietary patterns with CVD
or CHD are understudied in the Asian population and
findings remain unclear.

The etiology of chronic diseases is complex as it in-
volves several other factors besides nutrition, and genetic
background is one of the key non-modifiable risk factors.
Hence, the fields of nutrigenetics and nutrigenomics,
which involve the study of the interaction between nutri-
tion, genetics and health outcomes have emerged as new
and promising approaches in nutrition-related studies.’ In

genetic studies, one of the most common approaches is
the use of candidate genes to validate the associations of
single nucleotide polymorphisms (SNPs) of these genes
with a particular phenotype or disease.® Hence, in this
study, the vascular endothelial growth factor receptor-2
(VEGFR?2), also known as kinase insert domain receptor
(KDR) gene was selected as the candidate gene. The
VEGFR2 gene is located on chromosomes 4q11-q12 and
is expressed in the vascular and lymphatic endothelium.’
The VEGFR2 gene is involved in several important phys-
iological functions which are related to cardiovascular
function such as vascular growth and repair,” and produc-
tion of nitric oxide in the regulation of blood pressure.®

It has also been documented that the VEGFR2 gene
SNP, rs1870377, a missense SNP was found to affect the
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function of VEGFR2 gene by decreasing the binding effi-
ciency of VEGF to VEGFR2 which resulted to the signifi-
cant association of this SNP with the risk of coronary
heart disease in a Han Chinese population.® In addition, a
regulatory SNP of the VEGFR2 gene, rs2071559 was
shown to affect the expression levels of the VEGFR2
gene and was associated with coronary heart disease,’
stroke, '’ and age-related macular degeneration.''

Dietary patterns differ for each country and population
as they are attributed by several factors such as culture,
food availability and preference.'”'* With that, dietary
patterns of different populations may have different im-
pacts in the development of chronic diseases. Hence, the
objectives of this study are: to determine the dietary pat-
terns of two different Asian populations (Chinese Malay-
sian and Japanese), and to evaluate the association and
interaction between dietary patterns and VEGFR2 gene
polymorphisms (rs1870377 and rs2071559) on physical
and biochemical risk factors of CVD.

MATERIALS AND METHODS

Study design

This cross-sectional study comprised of 136 Japanese
adults of Kamigoto island and Nagayo town residents
from Nagasaki Prefecture, Japan and 179 Chinese Malay-
sian adults of Selangor and Kuala Lumpur residents from
Klang Valley, Malaysia. The inclusion criteria included:
aged 30-65 years old; not pregnant; Japanese citizenship
for the Japanese subjects, and Malaysian citizenship and
of Chinese ethnicity for the Chinese Malaysian subjects.
Convenient sampling method was applied for recruitment
of subjects by two methods: granted permissions by pri-
vate companies for employees to participate and free
health screenings for the public. This study obtained ap-
proval from the Research Ethics Committee of University
of Nagasaki, Japan and UCSI University, Malaysia; and
all subjects provided written informed consent

Health, lifestyle and dietary intake information

In both populations, a standard questionnaire was used to
obtain demographic data (age and gender), health infor-
mation (past history or presence of common lifestyle-
related chronic diseases such cardiovascular diseases) and
lifestyle practices (smoking, alcohol consumption and
exercise). Subjects who are diagnosed with terminal ill-
nesses or cardiovascular diseases were excluded from the
study. Dietary intake information for the Japanese popu-
lation was obtained from previously validated semi-
quantitative food frequency questionnaire (FFQ)."> How-
ever, for the Chinese Malaysian population, a new FFQ
was developed and adapted from two sources.'®'” The
questionnaires were either self-administered by the sub-
jects or assisted by trained nutritionists.

Physical measurements and biochemical parameters

Body mass index (BMI) values were obtained using body
composition analyzer (TBF-102, Tanita Corporation, To-
kyo, Japan) for Japanese subjects and body fat analyzer
(Omron HBF-356, Omron Health Care Co, Ltd, Kyoto,
Japan) for Chinese Malaysian subjects. In a sitting posi-
tion after resting for 3-5 minutes, systolic (SBP) and dia-
stolic (DBP) blood pressure readings were measured by

trained nurses or technicians using mercury sphygma-
monometer (Tokyo, Japan) and automatic blood pressure
monitor (Omron SEM-1, Omron Health Care Co, Ltd,
Kyoto, Japan) for Japanese and Chinese Malaysian sub-
jects, respectively. For the collection of biochemical pa-
rameters, information on the time of the last meal was
first obtained from each subject. This step is to ensure
that the blood drawn was at least more than 2 hours post-
prandial. The biochemical parameters: glycated hemoglo-
bin Alc (HbAlc) and blood lipids (triglycerides, low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C)) were obtained from the
Japanese subjects, while for the Chinese Malaysian sub-
jects, similar biochemical parameters were measured:
HbAlc and blood lipids (total cholesterol (TC), triglyc-
erides and HDL-C). Biochemical parameters of both
populations were analyzed by private pathological labora-
tory in respective countries (BML, Nagasaki, Japan and
UCSI Path Lab, Kuala Lumpur, Malaysia). For the Ma-
laysian subjects, values for low-density lipoprotein cho-
lesterol (LDL-C) using Friedewald formula and total cho-
lesterol/HDL cholesterol (TC/HDL-C) ratio were ob-
tained by calculations. The HbAlc parameter was meas-
ured to diagnose any abnormalities in blood glucose lev-
els while blood lipids (blood triglycerides, HDL-C and
TC/HDL-C values) were obtained, as these parameters
measured at a non-fasting state can also be used to predict
cardiovascular risk.'>"

Genotyping

Buccal mucosal cells used for DNA extraction were col-
lected from all of the subjects using polyester fiber-tipped
applicator swab (Falcon, Becton Dickinson and Company,
Sparks, MD, USA). DNA extraction and purification
were performed using QIAamp DNA Blood Mini kit
(Qiagen, Germantown, MD, USA). Genotyping of
VEGFR2 gene polymorphisms (rs1870377 and rs2071559)
was performed by real-time PCR system (ABI 7300, Ap-
plied Biosystems Japan, Tokyo, Japan) using ready-made
TagMan probes based on reference SNP number,
Taqman® SNP Genotyping Assays (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
protocol.

Statistical analysis

Statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS V.11J for Windows, SPSS
Inc, Tokyo, Japan). Dietary intake information obtained
from respective FFQ for both populations was used to
construct the dietary patterns using factor analysis and
principal component analysis. The factor scores for each
subject in each dietary pattern were then categorized to
tertiles for further statistical analysis. The normality of
each variable for continuous data was tested using Kol-
mogorov-Smirnov test. The variables (triglycerides and
total cholesterol/HDL ratio) in the Chinese Malaysian
subjects were not normally distributed, hence data for
both of these variables were transformed using loglO
transformation. Student t-test, Pearson’s correlation coef-
ficient, one-way ANOVA with post-hoc analysis (Tukey
test), analysis of covariance (ANCOVA) with post-hoc
analysis (Sidak correction), two-way ANOVA and chi-
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square test were some of the statistical tests used for data
analysis. A probability value of <0.05 was considered
statistically significant.

RESULTS

Physical, biochemical and genetic characteristics of the
subjects

Table 1 shows the characteristics of physical and bio-
chemical measurements in mean + S.D. values and allele
frequencies for VEGFR2 SNPs (rs1870377 and
rs2071559) for both Japanese (n=136; 94 (69%) males
and 42 (31%) females) and Chinese Malaysian (n=179;
75 (42%) males and 104 (58%) females) subjects. In
comparison between populations and gender for the phys-
ical and biochemical parameters, Japanese subjects had
significantly higher mean values for SBP, DBP and HDL-
C while Chinese Malaysian subjects had significantly
higher means in BMI, HbAlc and triglycerides (Table 1)
and female subjects in both populations faired better
compared to the males. Male Japanese subjects had sig-
nificantly higher mean values for SBP (134+1.59 vs 115
+1.91 mmHg) and DBP (83.1+1.01 vs 71.9£1.59 mmHg)
but lower HDL-C (1.51+£0.04 vs 1.74+0.05 mmol/L)

Table 1. characteristics of subjects

compared to females, while Chinese Malaysian males had
significantly higher mean values for BMI (25.84£0.53 vs
23.1+0.48 kg/m?), SBP (130£1.51 vs 117+1.36 mmHg),
DBP (80.2+1.11 vs 74.3+0.91 mmHg), total cholesterol
(5.48+£0.11 vs 5.19+0.09 mmol/L), triglycerides (2.36+
0.21 vs 1.41£0.09 mmol/L), LDL-C (3.26+0.12 vs 2.95+
0.08 mmol/L) and TC/HDL-C ratio (4.95+0.17 vs 3.50+
0.11) but lower mean value for HDL-C (1.16+0.03 vs
1.57£0.04 mmol/L) compared to females (p<0.05). The
genotype frequencies for VEGFR2 SNPs in the Japanese
were 14.7% of AA (n=20), 47.1% of AT (n=64) and
38.2% of TT (n=52) for rs1807377 and 6.6% of CC (n=9),
30.9% of CT (n=42) and 62.5% of TT (n=85) for
rs2071559 and the allele frequencies were consistent with
the data available in The National Center for Biotechnol-
ogy Information SNP database.”**' In the Chinese Malay-
sian subjects, the genotype frequencies were 27.9% of
AA (n=50), 48.6% of AT (n=87,) and 23.5% of TT (n=42)
for rs1870377 and 12.8% of CC (n=23), 50.3% of CT
(n=90) and 36.9% of TT (n=66) for rs2071559. The allele
frequencies for rs1870377 and rs2071559 among the Chi-
nese Malaysian subjects in the present study were calcu-
lated to be also similar to those of the Han Chinese popu

Variables Japanese (n=136) Chinese Malaysian (n=179)
Age (years)* 43£11¢ 40+9
BMI (kg/m?)* 23.0+4.05 24.24+4.95
Males 23.4+3.35 (n=94) 25.8+4.62 (n=75)
Females 22.345.25 (n=42) 23.1+4.91 (n=104)

Systolic blood pressure (mmHg)*
Diastolic blood pressure (mmHg)*
HbAlc (% of total Hb)*

Total cholesterol (mmol/L)
Triglycerides (mmol/L)*

LDL-C (mmol/L)

HDL-C (mmol/L)*

Total cholesterol/HDL-C ratio
rs1870377 (A allele; T allele)
rs2071559 (C allele; T allele)

128+16.8 122+14.9
79.7£11.2 76.7+9.4
4.93+0.43 5.77+0.89
- 5.31+0.92
1.49+1.05 1.81+1.44
3.00+0.84 3.08+0.87
1.58+0.38 1.40+0.41
- 4.11+1.46
0.38; 0.62F 0.52;0.48
0.22;0.78 0.38; 0.62

T Data are presented in mean + S.D.
1 Allele frequency for VEGFR2 gene polymorphisms.

* Significantly different by population (p<0.05) analyzed using Student t-test.

Table 2a. Correlation and p-values between age and BMI with blood lipid profile in Japanese subjects

Variables

Age (years)

BMI (kg/m?)

Triglycerides (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)

r=0.252; p=0.003 1
r=0.193; p=0.024
r=-0.092; p=0.286

=0.400; p<0.001
r=0.400; p<0.001
r=-0.341; p<0.001

tAnalyzed using Pearson’s correlation coefficient test.

Table 2b. Correlation and p-values between age and BMI with lipid profile in Chinese Malaysian subjects

Variables

Age (years)

BMI (kg/m?)

Total cholesterol (mmol/L)
Triglycerides (mmol/L)
LDL-C (mmol/L)

HDL-C (mmol/L)

Total cholesterol/HDL-C ratio

1=0.120; p=0.1107
r=0.105; p=0.161
1=0.037; p=0.626
r=-0.025; p=0.735
r=0.089; p=0.235

=0.105; p=0.162
1=0.334; p<0.001
1=0.063; p=0.404
r=-0.309; p<0.001
=0.317; p<0.001

TAnalyzed using Pearson’s correlation coefficient test.
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Table 3a. Factor loading matrix of major dietary patterns in 136 Japanese adults

Food Items Factor 1 ' Factor 2.
‘Japanese Diet’ ‘Western Diet’

Green and yellow vegetables, cabbage, lettuce, radish and mushroom 0.75+ -

Fish 0.72 -

Boiled foods and vinegared dishes 0.66 -

Seaweed and bone-edible small fish 0.62 -

Pickles, miso soup, soy sauce and food boiled with soy sauce 0.52 -

Rice 0.41 -

Deep- and pan-fried foods, butter, margarine and mayonnaise - 0.69

Egg - 0.60

Sweets, cakes, ice-cream, candy, pudding and chocolates - 0.59

fFactor loadings of < 0.30 were excluded.

Table 3b. Factor loading matrix of major dietary patterns in 179 Chinese Malaysian adults

Food Items Factor 1 . . Factor 2 .
‘Balanced Diet’ ‘Meat, rice and noodles diet’

Mushroom, non-leafy, root, fruit and other vegetables 0.771 -

Papaya, mango, pineapple, starfruit and guava 0.74 -

Green leafy vegetables 0.66 -

Apple, pear and citrus fruits 0.62 -

Watermelon and honeydew 0.60 -

Fish 0.48 -

Breakfast cereals 0.46 -

Bread 0.42 -

Soybean curd 0.41 -

Pork - 0.75

Chicken meat - 0.58

Noodles - 0.57

Eggs - 0.57

Rice and rice porridge - 0.36

Alcohol - 0.34

fFactor loadings of < 0.30 were excluded.

Table 4. Values of selected blood lipid parameters according to tertiles of ‘Western diet’ for Japanese and ‘Meat,

rice and noodles diet’ for Chinese Malaysians

Tertiles of factor scores

T2 T3
Japanese ‘Western Diet’ n=80 n=51 n=5
LDL-C (mmol/L) 3.15+0.101* 2.79+0.10** 2.70+£0.24%* **
Chinese Malaysian ‘Meat, rice, and noodles diet’ n=67 n=88 n=24
Triglycerides (mmol/L) 1.52+0.12* 1.72+0.15* 2.95+0.41**
HDL-C (mmol/L) 1.54+0.06* 1.37+£0.04** 1.15£0.06**
Total cholesterol/HDL-C ratio 3.64+0.16* 4.14+0.14** 5.27+0.37*%*

T Data are presented in mean + S.E.

* ek *3% Different “*° indicates significant difference between two groups (p<0.05) analyzed using one-way ANOVA with post-

hoc analysis.

lation.***' The genotypes at both VEGFR2 SNP sites for
the sample subjects in this study were conformed to the
Hardy-Weinberg equilibrium. In Japanese subjects, sig-
nificant positive correlations were obtained between age
and BMI with blood triglycerides and LDL-C levels,
while significant negative correlation was obtained be-
tween BMI and HDL-C with no significant correlation
between age and HDL-C (Table 2a). Significant positive
correlations were also obtained between BMI with blood
triglycerides and total cholesterol/HDL-C ratio, with sig-
nificant negative correlation between BMI with HDL-C
levels, and correlations between age and lipid profile

were not significant in Chinese Malaysian subjects (Table
2b).

Association of dietary patterns and VEGFR2 SNPs on
physical and biochemical parameters

Two major dietary patterns were extracted from factor
analysis for each population. In the Japanese subjects,
‘Japanese diet’ (JD) was derived from high consumption
of vegetables, fish, boiled foods and vinegared dishes,
seaweed and high sodium foods or dishes such as pickles,
miso soup, soy sauce and foods boiled with soy sauce,
and ‘Western diet’ (WD) which comprised of high con-
sumption of eggs, high fat foods or dishes such as deep-
and pan-fried foods, butter, margarine and mayonnaise
and various desserts such as sweets, cakes, ice cream,
pudding and chocolates (Table 3a). In the Chinese Malay-
sian subjects, ‘Balanced diet’ (BD) derived from high
consumption of breads and breakfast cereals, fish, soy-
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bean curd and all types of fruits and vegetables while
‘Meat, rice and noodles diet’ (MRND) derived from high
intakes of pork, chicken meat and eggs, noodles, rice and
rice porridge and alcohol (Table 3b).

There were significant associations between selected
dietary patterns with blood lipids for both populations in
the present study. In Japanese subjects, the lowest tertile
of the WD had significantly higher means in LDL-C
compared to medium tertile of WD (Table 4). However,
the highest tertile of MRND had significantly higher
means in triglycerides and TC/HDL ratio but lower mean
HDL-C compared with and/or other tertiles (Table 4) of
Chinese Malaysian subjects. In the Chinese Malaysian
subjects, the highest tertile of MRND had also signifi-
cantly higher means in the physical parameters (BMI and
DBP) compared with and/or other tertiles (data not
shown). No significant differences in mean were obtained
in all physical and biochemical parameters with the ter-
tiles of JD in Japanese and tertiles of BD in Chinese Ma-
laysian subjects (data not shown).

There were significant associations between BMI with
genotypes of rs1870377, and HDL-C with genotypes of
rs2071559 in Japanese subjects (p<0.05). The TT-
homozygote subjects of rs1870377 had higher mean BMI
(24.2+0.66 kg/m?) followed by AT-homozygote subjects
(22.5+0.45 kg/m*) and AA-homozygote subjects (21.9+
0.61 kg/m?). The CC-homozygote subjects of rs2071559
however had significantly higher mean HDL-C level
compared to CT-homozygote and TT-homozygote sub-
jects after adjusting for confounding variables, age and

BMI (Tables 5a and 5b). In Chinese Malaysian subjects,
VEGFR2 SNPs were associated with blood lipids in
which TT-homozygote subjects had significantly higher
means in total cholesterol and/or LDL-C levels compared
to other genotypes of respective VEGFR2 SNP (Tables
5a-b and 6a-b). However, we did not find any significant
associations (p>0.05) between genotypes of VEGFR2
gene SNPs (rs1870377 and rs2071559) with all of the
other measured physical and biochemical parameters in
both Japanese and Chinese Malaysian subjects.

Significant associations between dietary pattern,
MRND with blood lipids (triglycerides, HDL-C and
TC/HDL-C ratio) and VEGFR2 SNPs with blood lipids
(total cholesterol and/or LDL-C) were obtained in Chi-
nese Malaysian subjects, hence further analysis using chi-
square test was performed to determine the associations
between categories of blood lipids (normal and borderline
high)* with genotype of VEGFR2 SNPs in subjects of
combined medium and highest tertile of MRND (n=112).
There were significant associations between categories of
total cholesterol and LDL-C with genotypes of rs1870377
in which there were more TT-homozygote subjects in the
borderline high category compared to normal category, in
contrast to AT-heterozygote or AA-homozygote subjects
(p<0.05) (Table 7). Even though, there were significant
associations between WD with LDL-C and rs2071559
with HDL-C in Japanese subjects, the chi-square analysis
was not performed for this population due to the small
number of subjects in certain groups.

Table 5a. Values of selected blood lipid parameters according to genotype VEGFR2 gene SNP (rs2071559) for Jap-

anese and Chinese Malaysian

Genotype VEGFR2 gene SNP (rs2071559)

CcC CT TT
Japanese n=9 n=42 n=85
HDL-C (mmol/L) 2.00£0.111* 1.46+0.05** 1.60+0.04**
Chinese Malaysian n=23 n=90 n=66
LDL-C (mmol/L) 2.88+0.18 2.98+0.09 3.28+0.11

1 Data are presented in mean + S.E.

* ** Different ‘*’ indicates significant difference between two groups (p<0.05) analyzed using ANCOVA with post-hoc test adjusted for

age and BML

Table 5b. Analysis of covariance for selected blood lipid parameters in Japanese and Chinese Malaysian

Japanese Chinese Malaysian
Variables HDL-C LDL-C
F-value P-value F-value P-value

rs2071559% 9.301 <0.001 3.204 0.043
Age (years) 0.138 0.711 0.353 0.556
BMI (kg/m?) 19.60 <0.001 0.995 0.320
Smoking{ - - 0.051 0.821
Alcohol consumptiont - - 0.385 0.536
Physical activityt - - 4.426 0.043
rs2071559*BMIf 0.048 0.953 0.457 0.634
rs2071559*smoking} - - 0.576 0.632
rs2071559*alcohol consumptionf - - 0.259 0.855
rs2071559*physical activity} 1.681 0.173

Model R? (adjusted) = 0.194

Model R? (adjusted) = 0.100

T Variables are numerically coded: rs2071559 genotypes (T/T=0; C/T=1; C/C=2), smoking (non-smokers=0; ex- or smokers=1), alcohol
consumption (non-drinkers=0; ex- or drinkers=1); physical activity (no=0; yes=1)

1 rs2071559*BMLI, rs2071559*smoking, rs2071559*alcohol consumption, and rs2071559*physical activity represent the interaction be-
tween rs2071559 and BMI, smoking, alcohol consumption and physical activity, respectively.
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Table 6a. Values of selected blood lipid parameters according to genotype VEGFR2 gene SNP (rs1870377) for Chi-

nese Malaysian

Chinese Malaysian

Variables TT (n=42) AT (n=87) AA (n=50)
Total cholesterol (mmol/L) 5.76+0.147* 5.22+0.10%* 5.08+0.13%%*
LDL-C (mmol/L) 3.45+0.13% 2.96+0.09%* 2.97+0.12%*

T Data are presented in mean + S.E.

* ** Different “*’ indicates significant difference between two groups (p<0.05) analyzed using ANCOVA with post-hoc test adjusted for

age, BMI, smoking, alcohol consumption and physical activity.

Table 6b. Analysis of covariance for selected blood lipid parameters in Chinese Malaysian

. Total cholesterol LDL-C
Variable
F-value p-value F-value p-value

rs1870377% 7.618 0.001 5.320 0.006
Age (years) 1.892 0.171 0.215 0.644
BMI (kg/m?) 2.437 0.120 1.031 0.311
Smokingt 0.003 0.957 0.251 0.617
Alcohol consumptiont 0.721 0.397 0.173 0.678
Physical activityt 1.625 0.204 4.034 0.046
rs1870377*BMI} 1.053 0.351 1.240 0.292
rs1870377*smoking} 0.102 0.959 0.226 0.878
rs1870377*alcohol consumption 0.190 0.903 0.217 0.884
rs1870377*physical activity} 0.671 0.571 2.035 0.111

Model R? (adjusted) = 0.080

Model R? (adjusted) = 0.046

T Variables are numerically coded: rs1870377 genotypes (T/T=0; A/T=1; A/A=2), smoking (non-smokers=0; ex- or smokers=1), alcohol
consumption (non-drinkers=0; ex- or drinkers=1); physical activity (no=0; yes=1)

1 rs1870377*BMI, rs1870377*smoking, rs1870377*alcohol consumption, and rs1870377*physical activity represent the interaction be-
tween rs1870337and BMI, smoking, alcohol consumption and physical activity, respectively.

Table 7. Number of subjects (percentage) of combined medium and highest tertiles of ‘Meat, rice and noodles diet’
by categories of total cholesterol, LDL-C and genotype of rs1870377 for Chinese Malaysian

Total Cholesterol (mmol/L)*

LDL-C (mmol/L)*

rs1870377 <5.18 >5.18 <337 >337 Total

/T 8(26.7) 22 (73.3) 11(36.7) 19 (63.3) 30 (100)
A/T 26 (54.2) 22 (45.8) 37(77.1) 11(22.9) 48 (100)
A/A 17 (50.0) 17 (50.0) 24 (70.6) 10 (29.4) 34 (100)
Total 51 (45.5) 61 (54.5) 72 (64.3) 40 (35.7) 112 (100)

* Chi-square test for categories of total cholesterol and LDL-C with genotype of rs1870377 in combined medium and highest tertiles of

‘Meat, rice and noodles diet’ (p<0.05).

Interaction effects between dietary patterns and
VEGFR2 SNPs on blood lipids

Two-way ANOVA test was conducted to determine the
interaction between dietary patterns and VEGFR2 gene
polymorphisms on blood lipids. Due to the small number
of subjects in certain groups, tertiles of related dietary
pattern and/or genotype of VEGFR2 SNPs were com-
bined together for the analysis. The interaction between
WD and rs2071559 in Japanese subjects had significant
effect on LDL-C, in which the combined medium and the
highest tertile of WD together with combined CC and CT
genotypes of rs2071559 had the lowest LDL-C level
(Figure 1). In Chinese Malaysian subjects, the interaction
of the highest tertile (MRND) together with TT genotype
(rs1870377) had the highest total cholesterol (data not
shown), LDL-C (Figure 2) and TC/HDL-C ratio values
(data not shown) and the interaction between MRND and
rs2071559 in Chinese Malaysian subjects on blood lipids
was not significant (data not shown). There were also no
significant interactions between JD for Japanese subjects
and BD for Chinese Malaysian subjects and both

VEGFR2 SNPs on blood lipid parameters (data not
shown).

DISCUSSION

In this study, we found significant associations and inter-
action between selected dietary pattern and VEGFR2
SNPs on one of the key modifiable risk factors of CVD,
which is blood lipids in both Japanese and Chinese Ma-
laysian subjects. To the best of our knowledge, this may
be the first report showing that the C allele of rs2071559
may have a protective effect towards CVD in the Japa-
nese, with significantly higher HDL-C level in Japanese;
while the T allele of both rs1870377 and rs2071559 may
contribute to higher risk of CVD in Chinese Malaysian
subjects with higher total cholesterol and/or LDL-C levels.
Previous study involving Japanese subjects in relation to
VEGFR2 SNPs (rs1870377 and rs2071559) reported no
significant associations on the development of coronary
artery lesion in Kawasaki disease subjects® and based on
literature search, our study may be the first on the in
volvement of VEGFR2 SNPs in the Malaysian population.



308 RWK Yap, Y Shidoji, WM Hon and M Masaki

LDL-C (mmol/L)
[3°)
o
T

22 1

p for interaction =0.016

@ C/C+CIT
oTT

Tl

Western diet (WD)

T2+T3
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LDL-C (mmol/L) in Chinese Malaysian subjects. Data are in mean + SE, adjusted for age, gender, smoking, alcohol consumption and

physical activity.

However, two studies involving the Han Chinese popula-
tion have reported that the A allele of rs1870377 and C
allele of rs2071559 had a higher risk of coronary heart
disease while C allele of rs2071559 had a lower risk in
susceptibility to stroke and recurrence.”'°

In this study, physical and biochemical risk factors of
CVD were determined in two Asian populations, Japa-
nese and Chinese Malaysians. Our results showed that the
Japanese subjects in the present study had better overall
health status compared to the Chinese Malaysian subjects,
with significantly lower mean BMI values, blood HbAlc
and triglycerides levels and significantly higher mean
HDL-C levels. Hence, this may indicate that the Japanese
subjects in this study may have a lower risk of CVD
compared to the Chinese Malaysian subjects. This could

be due to the different lifestyles of these Asian popula-
tions. The Japanese lifestyle of high intakes of fish rich in
polyunsaturated fats together with low intakes of satu-
rated fats from meats may have contributed to the low
prevalence of hypercholesterolemia and low mortality
rate from coronary heart disease among the Japanese
population.”* As for the Malaysian population, recent
national surveys have indicated that the prevalence of
chronic diseases such as CVD has increased more than
50% from 1996 to 2006.*° This could be due to rapid
industrialization of the country, resulting in a more afflu-
ent society adopting an unhealthy lifestyle of high intakes
of fats and refined carbohydrates and more sedentary.”’

In the past, several studies which investigated the asso-
ciation between single nutrient/food with chronic diseases
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have produced conflicting results with no definite asso-
ciation. Hence, dietary patterns which focuses on a com-
bination of foods has emerged as a better approach in
overcoming the limitations of single-nutrient/food ap-
proach in the analysis of these association studies.' In this
study, the two dietary patterns that were identified in the
Japanese subjects (JD and WD) were similar with previ-
ously reported dietary pattern studies involving Japanese
subjects which identified ‘Japanese’, ‘Japanese tradi-
tional’ or ‘Healthy’ dietary pattern with high consumption
of vegetables, fruits, seaweed, fish, soy products, salted
vegetables, miso soup and rice, while “Western’ or ‘High
fat’ dietary pattern comprised of high intakes of fried
foods, mayonnaise, egg, meat and processed meats.”*" In
this study, the lowest tertile of WD was associated with
higher LDL-C which may be contradictory with other
reported studies in the Western population, in which
higher intakes of Western dietary pattern is associated
with higher risks of CHD.>* The possible explanation
could be due to environmental and other lifestyle-related
factors besides dietary which may affect blood cholesterol
levels. This is shown in studies by Marmot et al. *' and
Benfante™ which reported that Japanese men living in the
southern parts of Japan, Hiroshima and Nagasaki had
lower total cholesterol levels and incidence of coronary
artery disease compared to Japanese immigrants living in
certain parts of the U.S. In the present study, we did not
find any significant association between JD with physical
and biochemical parameters of CVD while Shimazu et
al.® reported significant association between Japanese
dietary pattern with decreased risk of CVD.

Limited information is available on the food consump-
tion or dietary patterns in Chinese Malaysian population.
Hence, this study has provided additional information on
dietary patterns for this population; and that the identified
dietary pattern of MRND is consistent with reports on the
food consumption patterns of overall Malaysians, in
which 97% of the population consumed rice twice a day,
and urban dwellers had high consumption of chicken
meat and eggs.” In addition, this study also provided new
evidence on the association of dietary pattern (MRND)
with key modifiable risk factors of CVD which are BMI,
blood pressure and blood lipids. Several published data
on other populations have also reported significant asso-
ciations of a similar dietary pattern, of high consumption
of meat and highly processed cereals or refined grains,
with higher BMI***® and waist circumference®’ leading to
overweight and obesity; risk factors;*® and risk of mortal-
ity for CVD.

In this study, the medium and highest tertile of MRND
in Chinese Malaysian subjects had higher triglycerides
and TC/HDL ratio but lower HDL-C levels compared to
lowest tertile; and TT-homozygote subjects of rs1870377
had higher total cholesterol and LDL-C levels compared
to the other genotypes. There was also significant associa-
tion between categories of normal and borderline high
total cholesterol and LDL-C with genotypes of rs1870377
in the combined medium and highest tertile of MRND in
Chinese Malaysian subjects, in which there were more
TT-homozygote subjects in the borderline high category
compared to the normal category. Hence, based on these
results, VEGFR2 SNP (rs1870377) represent the genetic

factor that may have a stronger influence on blood lipids
compared to dietary factor in Chinese Malaysian subjects
of this study. It is intriguing for us to speculate that the
missense mutation at rs1870377 SNP site with a substitu-
tion of glutamine to histidine at codon 472 in exon 11
may influence the function of the VEGFR2 gene, contrib-
uting to higher total cholesterol and LDL-C values in TT-
homozygote Chinese Malaysian subjects. On the other
hand, in Japanese subjects, CC genotype of rs2071559
and the interaction between medium and highest tertiles
of WD together with CC and CT genotypes (rs2071559)
had the lowest risk for CVD with lower LDL-C while in
Chinese Malaysian subjects, TT genotype (rs2071559)
had higher risk for CVD with significantly higher LDL-C
compared to other genotypes. Hence, based on these re-
sults, the rs2071559 at the promoter region or regulatory
SNP may influence the expression levels of the VEGFR2
gene, contributing to the significant associations between
this SNP with blood lipids for both Japanese and Chinese
Malaysian subjects in the present study. In addition,
VEGFR?2 function or activity is expressed via endothelial
progenitor cells (EPCs)’ and several studies have reported
a significantly low number of circulating EPCs in hyper-
cholesterolemia patients compared to controls®** and the
number of circulating EPCs were also inversely corre-
lated with blood lipids.***!

In summary, our results suggest that both dietary pat-
tern (WD and MRND) and VEGFR2 SNPs are associated
with blood lipids either by increasing or decreasing the
risk of CVD in Chinese Malaysian and Japanese subjects.
In addition, the interactions between MRND and
rs1870377 in Chinese Malaysian subjects and WD and
rs2071559 in Japanese subjects had significant effects on
blood lipids. We know that a larger sample size is re-
quired to confirm our findings; and in addition, future
prospective studies may be able to produce causal inter-
pretations. Anyhow, this study has provided the first evi-
dence on the associations between dietary patterns and
VEGFR2 SNPs on blood lipids in two different Asian
populations, Chinese Malaysian and Japanese adults.
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