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Abstract: The association of rs998584 single nucleotide polymorphism (SNP) near the vascular endothelial growth 
factor A gene (VEGFA) and serum lipid levels in the ethnic minorities of China is very little-known. In the Chinese 
Maonan ethnic group has not been reported previously. The present study aimed to detect the influence of the 
rs998584 SNP and several environmental factors on serum lipid profiles between the Maonan and Han popula-
tions. The genotypes of rs998584 SNP in 780 individuals of Maonan nationality and 749 participants of Han 
nationality were determined by polymerase chain reaction and restriction fragment length polymorphism. The geno-
type and allele frequencies were different between the Han and Maonan populations (TT, 31.78% vs. 37.44%; GT, 
50.20% vs. 51.02%; GG, 18.02% vs. 11.54%, P = 0.004; T, 56.88% vs. 62.95%; G, 43.12% vs. 37.05%, P = 0.001) 
and between males and famales in the Maonan population (T, 66.07% vs. 60.74%; G, 33.93% vs. 39.26%, P = 
0.034); respectively. The G allele carriers had lower levels of serum total cholesterol (TC), triglyceride, apolipoprotein 
(Apo) B and higher ApoA1/ApoB ratio than the G allele non-carriers in Maonan but not in Han populations (P < 0.05-
0.01). Gender subgroup analyses showed that the G allele carriers had lower ApoB in Han famales but not in males 
(P < 0.05), lower TC, ApoB and higher ApoA1/ApoB ratio in Maonan males and lower ApoB in Maonan females than 
the G allele non-carriers (P < 0.05-0.01). Serum lipid traits were also associated with several environmental factors 
in the Han and Maonan populations, or in males and females in both ethnic groups. These fidnings suggested that 
the genetic variant of rs998584 near the VEGFA and blood lipid traits might have racial/ethnic- and/or sex-specific 
in our study populations.

Keywords: Vascular endothelial growth factor A, single nucleotide polymorphism, lipids, environmental factor

Introduction

With a rapidly aging population and un-healthy 
lifestyle habits, coronary heart disease (CHD) 
has become a major public helath problem and 
leading cause of morbidity and mortality all 
over the world [1]. In China, CHD contributes to 
51.4% of the mortality in urban areas and 
32.8% in rural areas [2]. As an important CHD 
risk factor, lipid disorder has been recognized 
to play a major role in the pathogenesis of arte-
riosclerosis. An enormous amount of laboratory 
and clinical evidences have demonstrated that 
high levels of total cholesterol (TC) [3], triglycer-
ide (TG) [4], low-density lipoprotein cholesterol 
(LDL-C) [5] and ApoB [6], and low levels of high-
density lipoprotein cholesterol (HDL-C) [7], 

ApoA1 [8] and the ApoA1/ApoB ratio [9] were 
closely associated with atherosclerosis and 
CHD, especially elevated TC and TG levels [10]. 
Previous researches have showed that dyslipid-
emia is a common result that is determined by 
age, gender, genetic, ethnicity, environmental 
factors and their interactions [11, 12]. Heri- 
tability studies based on twins suggested that 
dyslipidemia individual differences in heritabili-
ty were estimated from the range of 0.48 to 
0.87 [13]. Since 2006, genome-wide associa-
tion stduy (GWAS) identified 95 loci associated 
with serum blood lipids and showed that vari-
ants with small effects can point to pathways 
and therapeutic targets that enable clinically-
important changes in blood lipids [14]. Mean- 
while, it has reported that the identified com-
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mon variants associated with blood lipids, can 
account for ~10-12% of total trait variations 
[15]. In summary, understanding of the associ-
ation of single nucleotide polymorphism (SNP) 
and serum lipid levels can identify targets for 
new therapies and prevention of CHD. 

Previous study has indentified that several 
common variants on the vascular endothelial 
growth factor A gene (VEGFA: also known as: 
VPF; VEGF; MVCD1; Gene ID: 7422; HGNC ID: 
12680; chromosomal location: 6p21.1) are 
highly associated with serum LDL-C and HDL-C 
levels [16]. A GWAS including 157 loci associ-
ated with lipid levels has reported genetic vari-
ant of rs998584 near the VEGFA as hyperlipid-
emic locus in European population [17]. The 
VEGFA is a main component of the VEGF family 
and also includes members such as VEGF-B, 
VEGF-C, VEGF-D and placental growth factor 
(PLGF), which plays decisive role in vasculogen-
esis, vascular repair, generation, remodelling 
during embryogenesis and in adult [16, 18]. 
Besides the angiogenic action, VEGF stimulates 
virtually all aspects of endothelial function, 
over suppression of VEGF action by its soluble 
receptor-1 (sVEGFR-1) can lead to endothelial 
dysfunction [19]. Likewise, VEGF gene transfer 
inhibits thickening of the media and promotes 
vascular remodeling [20]. Animal models and in 
vitro studies have indentified that VEGFA is 
expressed predominantly in aggregating mac-
rophages in atherosclerotic lesions and the 
expression of VEGFA increase during athero-
genesis, which causes the formation of athero-
sclerotic and unstable atherosclerotic plaques 
[21]. Furthermore, there has been some evi-
dence that VEGFA could also be involved in the 
regulation of lipid metabolism. Increased levels 
of circulating VEGFA have been found in sub-
jects with uncomplicated hyperlipidemia in a 
small-sample-size study [22], and a similar 
finding has been shown in a pilot study in 
patients with hypercholesterolemia [23]. 
Whereas in a supposedly healthy population in 
the SAPHIR study, VEGFA was negatively corre-
lated with LDL-C, TC and ApoB only in women 
[24]. Although several previous studies have 
provided evidence for the genetic basis of plas-
ma variability of VEGFA, the exact biological 
function of this gene variation in lipid metabo-
lism is inadequately understood. As is known to 
all, the genetic variation has different magni-
tudes of effect in the different ethnicities, how-

ever, in Chinese, whether VEGFA rs998584 is 
associated with serum lipid levels or whether it 
shows ethnic/gender specific association as 
the previous reports remains elusive. 

China is a multi-ethnic county composed of  
56 different ethnic groups. The Han population 
accounts for the majority of the total popula- 
tion in our country. Maonan is a relatively con-
sevative and isolated mountainous nation, and 
mainly lives in Huanjiang Maonan Autonomous 
County of Guangxi Zhuang Autonomous Re- 
gion, with population of 107,166 according to 
the fifth national census statistics of China  
in 2000. Maonan population has various life-
styles and different eating habits which may 
result in the effect of hereditary variation to be 
further modified. Furthermore, they have their 
tradition of ethnic endogamy and consanguine-
ous marriage to cousins of maternal side, sug-
gesting that the genetic hereditary background 
of Maonan population may be less heteroge-
neous within the population. 

Sexual dimorphism has been demonstrated as 
the potential risk factors of lipid metabolism 
disorder and cardiovescular disease. Differen- 
ces in lipid profiles and metabolism between 
men and women have been well documented 
[25]. Males have more unfavorable plasma lipid 
profiles than premenopausal females, with 
higher levels of TC, TG and LDL-C, and lower of 
HDL-C levels [26]. It seems to be the result of a 
complex network of gene expression or sexual 
hormones in sexually dimorphic manner [27]. 
However, the reasons for these differences 
concerned with gender remain unclear. This 
study was undertaken to detect the association 
of the rs998584 SNP near the VEGFA and sev-
eral environmental factors with serum lipid lev-
els between males and females in the Maonan 
and Han populations.

Materials and methods

Subjects

A total of 749 unrelated participants of Han 
(315 males, 42.06% and 434 females, 57.94%) 
and 780 unrelated subjects of Maonan (305 
males, 39.10% and 475 females, 60.89%) were 
randomly selected from our previous stratified 
randomized samples [28]. All participants  
were agricultural workers living in Huanjiang 
Maonan Autonomous County, Guangxi Zhuang 
Autonomous Region, People’s Republic of 
China. The age of the participants ranged from 
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25 to 80 years, with a mean age of 56.22 ± 
13.68 years in Han and 57.03 ± 14.96 years in 
Maonan (P > 0.05), respectively. All study sub-
jects were essentially healthy with no history  
of cardiovascular disease such as CHD and 
stroke, diabetes, hyper- or hypo-thyroids, and 
chronic renal disease. We excluded the sub-
jects who had a history of taking medications 
known to affect serum lipid levels (lipid-lower-
ing drugs such as statins or fibrates, beta block-
ers, diuretics, or hormones) before the blood 
sample was drawn. The present study was 
approved by the Ethics Committee of the First 
Affiliated Hospital, Guangxi Medical University 
(No. Lunshen-2014-KY-Guoji-001, Mar. 7, 
2014). Informed consent was taken from all 
participants.

Epidemiological survey

The survey was carried out using internationally 
standardized methods, following a common 
protocol [29]. Information on demographics, 
socioeconomic status, and lifestyle factors was 
collected with standardized questionnaires. 
Alcohol consumption was categorized into 
groups of grams of alcohol per day: 0 (non-
drinker), < 25 and ≥ 25. Smoking status was 
categorized into groups of cigarettes per day: 0 
(non-drinker), < 20 and ≥ 20. Several parame-
ters such as blood pressure, height, weight, 
waist circumference, and body mass index 
(BMI) were measured or calculated. The meth-
ods of measuring above parameters were 
referred to previous studies [30, 31].

Biochemical measurements

At least 12 hours of fasting venous blood sam-
ple of 5 mL was drawn from the participants. A 
part of 2 mL was collected into glass tubes and 
used to determine serum lipid levels, and 
another part of 3 mL was shifted to tubes with 
anticoagulants (4.80 g/L citric acid, 14.70 g/L 
glucose and 13.20 g/L tri-sodium citrate) and 
used to extract deoxyribonucleic acid (DNA). 
Measurements of serum TC, TG, HDL-C, and 
LDL-C levels in the samples were performed by 
enzymatic methods with commercially avail-
able kits (RANDOX Laboratories Ltd., Ardmore, 
Diamond Road, CrumlinCo. Antrim, United 
Kingdom, BT29 4QY; Daiichi Pure Chemicals 
Co., Ltd., Tokyo, Japan). Serum ApoA1 and ApoB 
levels were measured by the immunoturbidi-

metric immunoassay using a commercial kit 
(RANDOX Laboratories Ltd.). All determinations 
were performed with an auto-analyzer (Type 
7170A; Hitachi Ltd., Tokyo, Japan) in the Clinical 
Science Experiment Center of the First Affiliated 
Hospital, Guangxi Medical University [32].

DNA amplification and genotyping

Genomic DNA of the samples was extracted 
from peripheral blood leucocytes according  
to the phenol-chloroform method [33]. The 
extracted DNA was stored at 4°C until analysis. 
Genotyping of the VEGFA rs998584 SNP was 
performed by polymerase chain reaction and 
restriction fragment length polymorphism 
(PCR-RFLP). PCR amplification was performed 
using 5’-TGGGACTTAGGTCTGG-3’ and 5’-TTGG- 
CAGATGAGAAGCAGGA-3’ (Sangon, Shanghai, 
People’s Republic of China) as the forward and 
reverse primer pairs, respectively. Each 25 μL 
PCR reaction mixture consisted of 2.0 μL 
genomic DNA, 1.0 μL each primer (10 μmol/L), 
12.5 μL of 2 × Taq PCR Master mix (constitu-
ent: 0.1 U Taq polymerase/μL, 500 μM dNTP 
each and PCR buffer.), and 8.5 μL of ddH2O 
(DNase/RNase-free). PCR was performed with 
an initialization step of 95°C for 5 min, followed 
by 30 s denaturing at 95°C, 30 s of annealing 
at 59°C and 35 s of elongation at 72°C for 33 
cycles. The amplification was completed by  
a final extension at 72°C for 7 min. Following 
electrophoresis on a 2.0% agarose gel with 0.5 
µg/mL ethidium bromide, the amplification 
products were visualized under ultraviolet light. 
Subsequently, each restriction enzyme reation 
was performed with 5.0 μL amplified DNA, 8.8 
μL nuclease-free water, 1.0 μL of 10 × buffer 
solution and 0.2 μL HpyF10VI restriction 
enzyme in a total volume of 15 µL digested at 
37°C overnight. After restriction enzyme diges-
tion of the amplified DNA, genotypes were  
identified by electrophoresis on 2% ethidium-
bromide stained agarose gels and visualized 
with UV illumination. Genotypes were scored by 
an experienced reader blinded to the epidemio-
logical and serum lipid results. Six samples (TT, 
GT and GG genotypes in two; respectively) 
detected by the PCR-RFLP were also confirmed 
by direct sequencing with an ABI Prism 3100 
(Applied Biosystems) in Shanghai Sangon 
Biological Engineering Technology & Services 
Co., Ltd., People’s Republic of China.
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Diagnostic criteria

The normal values of serum TC, TG, HDL-C, LDL-
C, ApoA1, ApoB levels and the ApoA1/ApoB 
ratio in our Clinical Science Experiment Center 
were 3.10-5.17, 0.56-1.70, 1.16-1.42, 2.70-
3.10 mmol/L, 1.20-1.60, 0.80-1.05 g/L and 
1.00-2.50, respectively. The individuals with TC 
> 5.17 mmol/L and/or TG > 1.70 mmol/L were 
defined as hyperlipidaemic [34]. Hypertension 
diagnosis standard is according to the cirteria 
of 1999 and 2003 World Health Organi- 
zation-International Society of Hypertension 
Guidelines for the management of hyperten-
sion [35]. The diagnostic criteria of overweight 
and obesity were according to the Cooperative 
Meta analysis Group of China Obesity Task 
Force. Normal weight, overweight and obesity 

Table 1. Comparison of demographic, lifestyle characteristics and serum lipid levels between the Han 
and Maonan populations
Parameter Han Maonan t (x2) P
Number 749 780
Male/female 315/434 305/475 1.383 0.240
Age (years) 56.22 ± 13.68 57.03 ± 14.96 -1.013 0.270
Height (cm) 154.47 ± 7.82 153.83 ± 8.04 1.580 0.114
Weight (kg) 52.97 ± 8.71 53.14 ± 10.64 -0.351 0.725
Body mass index (kg/m2) 22.17 ± 3.17 22.35 ± 3.60 -0.983 0.326
Waist circumference (cm) 75.55 ± 8.33 76.56 ± 9.18 -2.264 0.024
Smoking status [n (%)]
    Non-smoker 619 (82.64) 615 (78.84)
    ≤ 20 cigarettes/day 87 (11.62) 75 (9.61)
    > 20 cigarettes/day 43 (5.74) 90 (11.54) 17.897 0.000
Alcohol consumption [n (%)]
    Non-drinker 623 (83.18) 620 (79.48)
    ≤ 25 g/day 50 (6.67) 60 (7.69)
    > 25 g/day 76 (10.15) 91 (11.67) 164.478 0.000
Systolic blood pressure (mmHg) 129.96 ± 20.14 135.47 ± 23.62 -4.913 0.000
Diastolic blood pressure (mmHg) 80.68 ± 12.11 82.99 ± 12.33 -3.703 0.000
Pulse pressure (mmHg) 49.29 ± 14.48 52.48 ± 17.35 -3.906 0.000
Glucose (mmol/L) 6.48 ± 1.76 6.17 ± 1.42 3.738 0.000
Total cholesterol (mmol/L) 5.05 ± 0.89 4.99 ± 1.04 1.095 0.274
Triglyceride (mmol/L) 1.20 (0.81) 1.29 (0.88) -2.781 0.005
HDL-C (mmol/L) 1.71 ± 0.52 1.61 ± 0.41 3.979 0.000
LDL-C (mmol/L) 2.88 ± 0.68 2.86 ± 0.75 0.553 0.580
ApoA1 (g/L) 1.34 ± 0.24 1.38 ± 0.31 -2.942 0.003
ApoB (g/L) 0.88 ± 0.21 0.87 ± 0.20 0.178 0.858
ApoA1/ApoB 1.61 ± 0.48 1.66 ± 0.57 -1.997 0.046
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo, Apolipoprotein. The value of triglyc-
eride was presented as median (interquartile range), the difference between the two ethnic groups was determined by the 
Wilcoxon-Mann-Whitney test.

were defined as a BMI < 24, 24-28 and > 28 
kg/m2, respectively.

Statistical analyses

The statistical analyses were performed with 
the statistical software package SPSS 22.0 
(SPSS Inc., Chicago, Illinois). The quantitative 
variables were presented as mean ± standard 
deviation (serum TG levels were presented as 
medians and interquartile ranges). Allele fre-
quency was determined via direct counting, 
and the HardyWeinberg equilibrium was veri-
fied with the standard goodness-of-fit test. The 
genotype distribution between the two groups 
was analyzed by the chi-square test. General 
charactistics between two ethnic groups were 
compared by the Student’s unpaired t-test. The 
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pulations. Two sideds P value < 0.05 was con-
sidered statistically significant.

Results

General characteristics and serum lipid levels

As shown in Table 1, the general characteris-
tics and serum lipid levels between the Han 
and Maonan populations are summarized. The 
levels of blood glucose and serum HDL-C were 
higher in Han than in Maonan (P < 0.001), 
whereas the percentages of cigarette smoking 
and alcohol consumption and the levels of body 
waist circumference, systolic blood pressure, 
diastolic blood pressure, pulse pressure, serum 
TG, ApoA1 and the ApoA1/ApoB ratio were 
lower in Han than in Maonan (P < 0.05-0.001). 
There were no significant differences in the 
gender ratio, age structure, height, weight, 
serum TC, LDL-C and ApoB levels between the 
two ethnic groups (P > 0.05 for all).

Results of electrophoresis and genotyping

After the genomic DNA of the samples was 
amplified using PCR and visualized with 2% 
agarose gel electrophoresis, the products of 
521 bp nucleotide sequences were observed  
in all samples (Figure 1). The genotypes identi-
fied were termed according to the presence (G 
allele) or absence (T allele) of the enzyme 
restriction sites. Thus, the GG genotype is 
homozygous for the presence of the site (bands 
at 229 bp and 292 bp), the GT genotype is het-
erozygous for the presence and absence of the 
site (bands at 521-, 229- and 292-bp) and the 
TT genotype is homozygous for the absence of 
the site (bands at 521 bp; Figure 2). The TT,  
GT and GG genotypes detected by PCR-RFLP 
were also confirmed by direct sequencing 
(Figure 3), respectively.

Genotypic and allelic frequencies

The genotypic and allelic frequencies of the 
VEGFA rs998584 SNP are shown in Table 2. 
The genotype and allele frequencies were sig-
nificant different between Han and Maonan 
populations (TT, 31.78% vs. 37.44%; GT, 
50.02% vs. 51.02%; GG, 18.02% vs. 11.54%;  
P = 0.004; T, 56.88% vs. 62.95%; G, 43.12% 
vs. 37.05%; P = 0.001). Gender subgroup analy-
sis showed that there were no differences in 
the genotypic frequencies between males and 
females in the two ethnic groups (P > 0.05 for 

Figure 1. Electrophoresis of polymerase chain reac-
tion products of the samples. Lane M is the 100 bp 
marker ladder; Lanes 1-6 are samples, the 521 bp 
bands are the target genes.

Figure 2. Genotyping of the VEGFA rs998584 
SNP. Lane M, 100 bp marker ladder; lanes 1 and 
2, TT genotype (521-bp); lanes 3 and 4, GG geno-
type (292- and 229-bp); lanes 5-7, GT genotype  
(521-, 292- and 229-bp).

association between genotypes and serum 
lipid parameters was tested by covariance 
analysis (ANCOVA). Gender, age, BMI, blood 
pressure, alcohol consumption and cigarette 
smoking were adjusted for the statistical  
analysis. Multivariable linear regression analy-
ses with stepwise modeling were used to  
determine the correlation between the geno-
types (TT = 1, GT = 2 and GG = 3) and several 
environmental factors with serum lipid levels in 
males and females of Han and Maonan po- 
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each). The allele frequencies were different 
between males and famales in Maonan but not 
in Han populations (T, 66.07% vs. 60.74%; G, 
33.93% vs. 39.26%; P = 0.034).

Genotypes and serum lipid levels

Tables 3 and 4 describe the association be- 
tween genotypes and serum lipid levels. The 
serum levels of TC, TG, ApoB and the ratio of 
ApoA1 to ApoB were different among the three 
genotypes in Maonan but not in Han (P < 0.05-
0.01), the G allele carriers had lower levels of 
TC, TG and ApoB, and higher ApoA1/ApoB ratio 
than the G allel non-carriers (P < 0.05). 
Subgroup analyses showed that the G allele 
carriers in Han famales but not in males had 
lower ApoB levels (P < 0.05), lower TC, ApoB 
levels and higher ApoA1/ApoB ratio in Maonan 
males; and lower ApoB levels in Maonan famels 
than the G allele non-carriers (P < 0.05).

Relative factors for serum lipid parameters

The risk factors for serum lipid parameters in 
Maonan and Han are shown in Tables 5 and 6. 
Multiple linear regression analysis showed that 
serum ApoB levels and ApoA1/ApoB ratio in the 
combined population of Han and Maonan; and 
TC, ApoB levels and ApoA1/ApoB ratio in 
Maonan were correlated with the genotypes of 
the VEGFA rs998584 SNP (P < 0.05 for all; 
Table 5). When the correlation of serum lipid 
parameters and the genotypes was analyzed 
according to gender, we showed that the ApoB 
levels were assocated with genotypes in Han 
females but not in males. Serum TC, ApoB lev-
els and the ApoA1/ApoB ratio in Maonan males 
and ApoB in Maonan females were correlated 
with the genotypes (P < 0.05 for all; Table 6). 

In the present study, we observed that the lev-
els of serum TG, ApoB and ApoA1/ApoB ratio 
were lower in Han than in Maonan (P < 0.05). 
There were no significant differences in the lev-
els of serum HDL-C, LDL-C and ApoA1 levels 
between the two ethnic groups. It is widely 
accepted that variation of plasma lipid and apo-
lipoprotein levels between individuals is consid-
ered to the result of the multipale environmetal 
factors such as diet, lifestyle, alcohol consump-
tion, cigarette smoking, hypertension, over-
weight and genetic inheritance. Maonan nation-
ality is peculiar minority mainly living in the 
northern of Guangxi. They have been abided 
with special customs and eating habits. They 
favor of acid food, corn and rice are the staple 
food for them. In addition, sweet potatoes, 
pumpkin and sorghum is another important 
complement. Maonan preference of ethnic 
intermarriage and their marriages arranged by 
parents were coomon, but intermarriage with 
Han or Zhuang people is seldom happened. 
Therefore, we can speculate that the hereditary 
characteristics of lipid metabolism-related 
genes in Maonan population may be different 
from those in Han Chinese.

The genotypic and allelic frequencies of the 
rs998584 SNP in different ethnic populations 
are pooly understood. According to the Interna- 
tional HapMap data, the frequency of rs9985- 
84 G allele was 39.53% in Han Chinese from 
Beijing, 47.09% in Japanese, 52.49% in Euro- 
pean and 88.93% in Yoruba. The minor allele 
frequency was lower in Asian than the Western 
populations. In the present study, we identified 
that the rs998584 G allele frequency was high-
er in Han than in Maonan populations (43.12% 
vs. 37.05%; P < 0.01), which were in close prox-

Figure 3. A part of the nucleotide sequence of the VEGFA rs998584 SNP. A: 
TT genotype; B: GT genotype; C: GG genotype.

Several environmental factors 
such as age, gender, weight, 
waist circumference, alcohol 
consumtion, and cigarette sm- 
oking and traditional cardio-
vascular risk factors such as 
BMI, fasting blood glucose and 
blood pressure levels were al- 
so correlated with serum lipid 
phenotypes in both ethnic gro- 
ups or in males and females (P 
< 0.05-0.001; Tables 5 and 6).

Discussion
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Table 2. Comparison of the genotype and allele frequencies of VEGFA rs998584 SNP in the Han and 
Maonan populations [n (%)]

Group n
Genotype Allele

TT GT GG T G
Han 749 238 (31.78) 376 (50.20) 135 (18.02) 852 (56.88) 646 (43.12)
Maonan 780 292 (37.44) 398 (51.02) 90 (11.54) 982 (62.95) 578 (37.05)
x2 11.034 11.740
P 0.004 0.001
Han
    Male 315 100 (31.75) 152 (48.25) 63 (20.10) 352 (55.87) 278 (44.13)
    Female 434 138 (31.79) 224 (51.61) 72 (16.59) 500 (57.60) 368 (42.40)
    x2 1.060 0.446
    P 0.588 0.504
Maonan
    Male 305 128 (41.97) 147 (48.20) 30 (9.84) 403 (66.07) 207 (33.93)
    Female 475 163 (34.32) 251 (52.84) 61 (12.84) 577 (60.74) 373 (39.26)
    x2 4.710 4.516
    P 0.095 0.034

Table 3. Comparison of the genotypes and serum lipid levels in the Han and Maonan populations

Genotype n TC (mmol/L) TG 
(mmol/L)

HDL-C 
(mmol/L)

LDL-C 
(mmol/L) ApoA1 (g/L) ApoB (g/L) ApoA1/

ApoB
Han
    TT 238 5.10 ± 0.98 1.22 (0.94) 1.73 ± 0.38 2.93 ± 0.75 1.36 ± 0.23 0.89 ± 0.20 1.58 ± 0.43
    GT 376 5.04 ± 0.94 1.09 (0.89) 1.71 ± 0.58 2.89 ± 0.73 1.34 ± 0.26 0.86 ± 0.21 1.65 ± 0.54
    GG 135 4.92 ± 0.89 1.07 (0.61) 1.69 ± 0.39 2.82 ± 0.65 1.34 ± 0.24 0.87 ± 0.18 1.59 ± 0.40
    F 1.022 1.987 0.130 0.685 0.484 1.600 1.198
    P 0.361 0.370 0.878 0.505 0.616 0.203 0.303
Maonan
    TT 292 5.12 ± 1.03 1.37 (0.84) 1.63 ± 0.42 2.92 ± 0.83 1.39 ± 0.25 0.91 ± 0.21 1.60 ± 0.47
    GT 398 4.92 ± 1.06 1.21 (0.91) 1.60 ± 0.40 2.88 ± 0.71 1.39 ± 0.37 0.85 ± 0.19 1.72 ± 0.66
    GG 90 4.87 ± 1.07 1.21 (0.68) 1.61 ± 0.39 2.75 ± 0.77 1.36 ± 0.20 0.88 ± 0.22 1.64 ± 0.46
    F 3.379 6.905 0.319 1.686 0.293 5.843 3.293
    P 0.035 0.032 0.727 0.186 0.746 0.003 0.038
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein B. The value of 
TG was presented as median (interquartile range). The difference among the genotypes was determined by the Kruskal-Wallis 
test.

imity to those of Han Chinese Bejing (39.53%); 
the distribution of GG and GT genotypes was 
different in two ethnic groups (P < 0.05); the 
frequencies of GG genotype were higher in Han 
than in Maonan. Gender subgroup analysis 
showed that the G allele frequency between 
male and females were different in Maonan but 
not in Han. These findings indicate that the 
VEGFA rs998584 SNP is inconsistent among 
diverse ethnic groups. 

In addition to the crucial role in vascular main-
tence and neovascularization, the VEGFA also 
showed a significant correlation to lipid metab-
olism. Zhou and colleagues have reported that 
the VEGFA was an activators of sterol regulato-
ry element binding proteins (SREBPs) in human 
microvascular endothelial cells [36]. Kivelä et 
al. further indentified that VEGFA inhibits endo-
thelial lipase (EL) expression and increase 
serum HDL-C level both in vitro and in vivo [37]. 
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Table 4. Comparison of the genotypes and serum lipid levels between males and females in the Han 
and Maonan populations
Ethnic/Genotype n TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) ApoA1 (g/L) ApoB (g/L) ApoA1/ApoB
Han/male

    TT 100 5.20 ± 0.89 1.25 (1.02) 1.72 ± 0.38 2.97 ± 0.72 1.36 ± 0.26 0.90 ± 0.22 1.58 ± 0.43

    GT 152 5.23 ± 1.07 1.19 (0.93) 1.68 ± 0.43 3.02 ± 0.69 1.38 ± 0.28 0.91 ± 0.20 1.59 ± 0.49

    GG 63 4.97 ± 0.96 1.09 (0.78) 1.60 ± 0.44 2.91 ± 0.64 1.31 ± 0.28 0.91 ± 0.16 1.47 ± 0.34

    F 1.024 1.077 1.134 0.355 0.767 0.058 1.184

    P 0.361 0.584 0.324 0.701 0.466 0.944 0.308

Han/female

    TT 138 5.02 ± 1.03 1.18 (0.86) 1.73 ± 0.38 2.90 ± 0.78 1.36 ± 0.21 0.89 ± 0.19 1.58 ± 0.42

    GT 224 4.91 ± 0.83 1.01 (0.76) 1.72 ± 0.65 2.81 ± 0.76 1.32 ± 0.24 0.83 ± 0.21 1.70 ± 0.56

    GG 72 4.88 ± 0.84 1.09 (0.44) 1.70 ± 0.33 2.74 ± 0.65 1.35 ± 0.19 0.84 ± 0.18 1.69 ± 0.42

    F 0.627 1.407 0.135 0.802 1.231 3.401 1.565

    P 0.535 0.495 0.874 0.449 0.293 0.035 0.211

Maonan/male

    TT 128 5.17 ± 1.06 1.50 (0.86) 1.59 ± 0.47 2.89 ± 0.88 1.39 ± 0.30 0.93 ± 0.21 1.56 ± 0.50

    GT 147 4.86 ± 0.85 1.32 (1.19) 1.57 ± 0.43 2.78 ± 0.73 1.43 ± 0.53 0.86 ± 0.19 1.78 ± 0.91

    GG 30 4.55 ± 0.95 1.09 (0.59) 1.52 ± 0.40 2.52 ± 0.71 1.32 ± 0.23 0.82 ± 0.18 1.67 ± 0.44

    F 6.063 4.436 0.307 2.590 0.843 4.842 2.738

    P 0.003 0.109 0.736 0.077 0.431 0.009 0.066

Maonan/female

    TT 163 5.09 ± 1.00 1.33 (0.69) 1.65 ± 0.39 2.95 ± 0.79 1.40 ± 0.22 0.91 ± 0.23 1.64 ± 0.45

    GT 251 5.04 ± 1.18 1.16 (0.83) 1.62 ± 0.38 2.92 ± 0.69 1.37 ± 0.24 0.85 ± 0.19 1.69 ± 0.45

    GG 61 4.96 ± 1.09 1.22 (0.88) 1.65 ± 0.38 2.87 ± 0.77 1.38 ± 0.18 0.90 ± 0.20 1.62 ± 0.48

    F 0.621 3.335 0.428 0.238 0.703 3.479 0.799

    P 0.538 0.189 0.652 0.788 0.495 0.032 0.451
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein 
B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein B. The value of TG was presented as median (interquartile range). The difference among the genotypes 
was determined by the Kruskal-Wallis test.

In a previous study, Alber et al. [22] reported 
that the subjects with uncomplicated hyperlip-
idemia had higher level of VEGFA than the 
healthy controls. Another study found significant 
associations between HDL-C and VEGFA levels 
in a healthy population from Japan [38]. These 
findings show that the VEGFA has an important 
effect on cardiac diseases and on the variation 
of related risk factors such as lipid parameters. 
Recently, a new GWAS including 157 lipid-relat-
ed loci has confirmed that 62 new loci not previ-
ously associated with lipid levels in humans, 
which has mentioned polymorphsim rs998584 
SNP associated with TG and HDL-C levels [17]. 
Besides this, there were hardly any previous 
studies presented the direct influence. In the 
current study, we found that the TC, TG, ApoB 
levels and the ApoA1/ApoB ratio were different 
among the three genotypes in Maonan but not 
in Han (P < 0.05-0.01); the G allele carriers had 
lower TC, TG, ApoB levels and higher ApoA1/
ApoB ratio than the G allele non-carriers (P < 
0.05). Subgroup analysis according to sex 
showed that the G allele carriers had lower 

ApoB levels in Han females (P < 0.05); lower TC, 
ApoB levels and higher ApoA1/ApoB ratio in 
Maonan males; and lower ApoB levels in 
Maonan females than the G allele non-carriers 
(P < 0.05). These experimental results suggest 
that there may be an ethnic or geneder specific-
association of the VEGFA rs998584 SNP and 
serum lipid levels. 

Previous study reported that serum androgen 
levels declined with age in healthy men, which 
is related to the risk increase of male CHD, aor-
tic or carotid atherosclerosis [39]. Meanwhile, 
compared to perimenopausal women, the aged 
postmenopausal women have lower serum 
level of estradiol, and are more likely to have 
abnormal lipid metabolism and higher preva-
lence of CHD [40, 41]. The influence of sex on 
the development of lipid disorder is well estal-
ished. There are differences between the males 
and famales in the serum lipid profile, for exam-
ple, LDL-C, TC and TG levels are generally lower 
in women than in men until menopause. Pre- 
vious study of cardiovascular disease in wo- 
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Table 5. Relationship between serum lipid parameters and relative factors in the Han and Maonan 
populations
Lipid Risk factor B Std.error Beta t P
Han and Maonan
    TC Age 0.007 0.002 0.107 3.142 0.002

Alocohol consumption 0.102 0.043 0.079 2.390 0.017
Waist circumference 0.014 0.005 0.126 2.714 0.007

    TG Alocohol consumption 0.278 0.075 0.119 3.712 0.000
Glucose 0.084 0.031 0.077 2.688 0.007
Height -0.070 0.030 -0.309 -2.339 0.020
Weight 0.101 0.041 0.550 2.477 0.013

Body mass index -0.207 0.088 -0.396 -2.360 0.018
Waist circumference 0.044 0.009 -0.215 4.760 0.000

    HDL-C Ethnic group -0.81 0.026 -0.090 -3.170 0.002
Gender 0.092 0.035 0.101 2.592 0.010

Alcohol consumption 0.101 0.018 0.176 5.479 0.000
Waist circumference -0.009 0.002 -0.180 -3.963 0.000

Glucose -0.017 0.008 -0.065 -2.234 0.026
    LDL-C Waist circumference 0.009 0.004 0.110 2.357 0.019

Age 0.006 0.002 0.119 3.471 0.001
    ApoA1 Alcohol consumption 0.077 0.012 0.207 6.276 0.000

Ethnic group 0.047 0.017 0.079 2.733 0.006
    ApoB Waist circumference 0.006 0.001 0.265 5.991 0.000

Genotype -0.018 0.006 -0.083 -3.056 0.002
Age 0.002 0.000 0.131 4.033 0.000

Gender -0.028 0.012 -0.067 -2.237 0.020
Glucose 0.008 0.003 0.064 2.273 0.023

    ApoA1/ApoB Ethnic group 0.080 0.031 0.073 2.604 0.009
Genotype 0.035 0.016 0.058 2.105 0.036

Age -0.004 0.001 -0.113 -3.415 0.001
Alcohol consumption 0.076 0.022 0.110 3.455 0.001
Waist circumference -0.014 0.003 -0.225 -4.991 0.000

Glucose -0.021 0.009 -0.065 -2.275 0.023
Han
    TC Alcohol consumption 0.151 0.052 0.147 2.910 0004

Glucose 0.051 0.022 0.106 2.275 0.023
    TG Cigarette smoking 0.709 0.180 0.195 3.942 0.000

Waist circumference 0.072 0.018 0.306 4.053 0.000
Glucose 0.115 0.045 0.117 2.557 0.011

    HDL-C Alcohol consumption 0.092 0.027 0.173 3.349 0.001
Height -0.006 0.002 -0.084 -2.254 0.025
Weight -0.008 0.002 -0.129 -3.480 0.001

Diastolic blood pressure -0.004 0.002 -0.089 -2.389 0.017
    LDL-C Age 0.007 0.002 0.128 2.847 0.005

Glucose 0.036 0.017 0.096 2.033 0.043

    ApoA1 Alcohol consumption 0.071 0.013 0.264 5.260 0.000

Weight -0.019 0.009 -0.672 -2.180 0.030

Waist circumference 0.006 0.002 0.198 2.607 0.009
    ApoB Age 0.001 0.001 0.102 2.068 0.039
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Alcohol consumption 0.026 0.011 0.120 2.450 0.015
Waist circumference 0.005 0.002 0.217 2.928 0.005

Glucose 0.014 0.005 0.133 2.967 0.003
    ApoA1/ApoB Age -0.005 0.002 -0.131 -2.593 0.010

Glucose -0.025 0.011 -0.103 -2.257 0.024
Maonan
    TC Genotype -0.086 0.042 -0.075 -2.034 0.042

Age 0.010 0.003 0.145 3.195 0.001
Height -0.056 0.024 -0.427 -2.359 0.019
Weight 0.081 0.032 0.815 2.504 0.013

Body mass index -0.161 0.069 -0.554 -2.322 0.021
Waist circumference 0.015 0.007 0.130 2.214 0.027

    TG Alcohol consumption 0.490 0.111 0.185 4.403 0.000
Height -0.136 0.038 -0.623 -3.604 0.000
Weight 0.201 0.051 1.217 3.911 0.000

Body mass index -0.388 0.111 -0.797 -3.495 0.001
Waist circumference 0.031 0.011 0.163 2.896 0.004

    HDL-C Gender 0.117 0.044 0.141 2.672 0.008
Alcohol consumption 0.115 0.026 0.188 4.437 0.000
Waist circumference -0.011 0.003 0.255 -4.498 0.000

Pulse pressure -0.003 0.001 -0.114 -2.789 0.005
    LDL-C Age 0.008 0.002 0.161 3.522 0.000

Alcohol consumption -0.123 0.050 -0.108 -2.442 0.015
    ApoA1 Waist circumference -0.005 0.002 -0.145 -2.435 0.015

Alcohol consumption 0.090 0.021 0.189 4.275 0.000
Pulse pressure -0.002 0.001 -0.088 -2.064 0.039

    ApoB Genotype -0.023 0.008 -0.104 -2.977 0.003
Age 0.002 0.001 0.157 3.648 0.000

Waist circumference 0.007 0.001 0.301 5.394 0.000
    ApoA1/ApoB Genotype 0.044 0.022 0.071 1.995 0.046

Age -0.004 0.002 -0.102 -2.331 0.020
Alcohol consumption 0.155 0.037 0.179 4.256 0.000
Waist circumference -0.018 0.004 -0.295 -5.230 0.000

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein B; B, unstan-
dardized coefficient; Beta, standardized coefficient.

men showed that high TG contrations may be 
an independent and better predictor of heart 
disease risk than TC or LDL-C in females [25, 
42]. The effects of progestogens and andro-
gens can explain only a small part of the dif- 
ferences and it is likely that an underlying 
mechanism is differential gene regulation or 
genotype-sex interaction in males and females 
[27]. Thus, sex-specific genetic associations 
between SNPs and serum lipid levels may pro-
vide valuable insight into prevention and treat-
ment strategy for dyslipidemia. In our reaserch, 
gender subgroup analysis showed that the G 
allele frequency was higher in females than 

males just in Maonan population. We also 
found that the G allele carriers had lower  
ApoB levels in both Han and Maonan females, 
whereas the G alleles carrers had lower TC, 
ApoB levels and higher ApoA1/ApoB ratio in 
Maonan males than the G allele non-carriers. 
However, this is the first study to report the  
gender specific association of VEGFA rs9985- 
84 SNP and serum lipid parameters, further 
studies with larger sample size should be add- 
ed to confirm this association. 

It is well known that environmental factors such 
as dietary patterns, lifestyle, obesity, hyperten-
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Table 6. Relationship between serum lipid parameters and relative factors in the males and females 
of the Han and Maonan populations
Lipid Risk factor B Std.error Beta t P
Han/male
    TC Glucose 0.064 0.030 0.125 2.165 0.031
    TG Weight 0.044 0.014 0.173 3.028 0.003

Body mass index 0.074 0.037 0.115 1.989 0.048
Waist circumference 0.057 0.015 0.211 3.913 0.000

    HDL-C Height -0.012 0.003 -0.196 -3.452 0.001
Body mass index -0.018 0.008 -0.137 -2.388 0.018

Waist circumference -0.010 0.003 -0.183 -3.217 0.001
    LDL-C Glucose -0.035 0.015 -0.136 -2.373 0.018
    ApoA1 Weight -0.005 0.002 -0.180 -3.152 0.002

Waist circumference -0.005 0.002 -0.150 -2.615 0.009

Body mass index -0.009 0.004 -0.120 -2.087 0.038
    ApoB Glucose 0.016 0.007 0.137 2.390 0.017

Body mass index 0.011 0.003 0.199 3.504 0.001
Waist circumference 0.006 0.001 0.241 4.276 0.000

Weight 0.004 0.001 0.163 2.846 0.005
    ApoA1/ApoB Glucose -0.036 0.015 -0.141 -2.453 0.015
Han/female
    TC Age 0.012 0.003 0.185 3.817 0.000

Waist circumference 0.019 0.009 0.171 2.141 0.033
Glucose 0.065 0.024 0.135 2.772 0.006

    TG Waist circumference 0.035 0.011 0.258 3.296 0.001
Glucose 0.101 0.029 0.168 3.462 0.001

    HDL-C Waist circumference -0.007 0.003 -0.101 -2.066 0.039
Diastolic blood pressure -0.005 0.002 -0.102 -2.088 0.037

    LDL-C Age 0.010 0.003 0.196 4.053 0.000
Waist circumference 0.018 0.007 0.126 2.591 0.010

Glucose 0.042 0.019 0.108 2.204 0.028
    ApoA1 Diastolic blood pressure -0.002 0.001 -0.097 -1.981 0.048
    ApoB Genotype -0.033 0.013 -0.147 -2.508 0.013

Age 0.003 0.001 0.189 3.901 0.000
Waist circumference 0.008 0.002 0.315 4.020 0.000

    ApoA1/ApoB Age -0.007 0.002 -0.176 -3.622 0.000
Waist circumference -0.013 0.005 -0.211 -2.669 0.008

Maonan/male
    TC Genotype -0.152 0.061 -0.148 -2.471 0.014

Height -0.141 0.067 -0.969 -2.106 0.036
Glucose 0.082 0.039 0.123 2.120 0.035

    TG Alcohol consumption 0.020 0.006 0.193 3.300 0.001
Height 0.060 0.022 0.159 2.765 0.006
Weight 0.066 0.028 0.266 2.332 0.020

Glucose 0.204 0.103 0.114 1.981 0.049
    HDL-C Waist circumference -0.022 0.005 -0.455 -4.423 0.000

Alcohol consumption 0.004 0.001 0.201 3.469 0.001
    LDL-C Age 0.009 0.004 0.177 2.287 0.023

Alcohol consumption -0.005 0.002 -0.163 -2.635 0.009
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sion and physical inactivity are all strongly relat-
ed with serum lipid levels [43]. In the present 
study, multivariate linear regression analysis 
also showed that serum lipid parameters were 
correlated to age, sex, weight, waist circumfer-
ence, BMI, blood pressure, fasting blood glu-
cose levels, alcohol consumption, and cigarette 
smoking in both ethnic groups. These findings 
suggested that the environmental factors also 
play a critical role in determining serum lipid 
levels in our study populations. The people of 
Maonan live in an isolated environment all the 
year round with unique histories, cultural prac-
tices and dietary customs. Compared with the 
Han nationality, they prefer to eat cold foods 
and acidic and spicy dishes with lots of oil and 
salt. Rice is the Maonan people’s staple food 
supplemented with corn, sweet potato, taro 
and other grains. Numerous studies have also 
stated that daily eating habits have definite 
affect on serum levels of TC, TG, LDL-C, ApoB, 
ApoA1 and their ratio, and which in turn cause 

an increased risk of CHD [44]. In our present 
sduty, the levels of serum TG, ApoA1 and the 
ratio of ApoA1 to ApoB were higher and the 
serum HDL-C levels were lower in Maonan than 
in the Han individuals. This discrepancy may be 
partly attributed to the difference in daily diet 
between the Maonan and Han populations. 

In addition, we also noticed that the levels of 
waist circumference, blood pressure, the per-
centages of subjects who consumed alcohol 
and smoked cigarettes were higher in Maonan 
than in Han; the males’ percentages of sub-
jects who consumed alcohol and smoked  
cigarettes were significantly higher than the 
females’ in both ethnic groups. Alcohol intake 
has a significant influence on the human serum 
lipid metabolism. Intake of alcohol only in mod-
eration has been showed to protect against 
CHD death, which has been ascribed to the 
increase the concentration of serum HDL-C, TG 
and ApoA1 levels [45]. But consumption of 

    ApoA1 Waist circumference -0.016 0.005 -0.357 -3.373 0.001
Alcohol consumption 0.003 0.001 0.204 3.459 0.001

    ApoB Glucose 0.017 0.008 0.119 2.154 0.032
Age 0.002 0.001 0.180 2.557 0.011

Genotype -0.032 0.013 -0.152 -2.541 0.012
    ApoA1/ApoB Waist circumference -0.022 0.008 -0.278 -3.671 0.008

Alcohol consumption 0.006 0.002 0.201 3.442 0.001
Genotype 0.108 0.046 0.141 2.344 0.020

Maonan/female
    TC Age 0.013 0.004 0.167 2.915 0.004

Waist circumference 0.025 0.009 0.193 2.821 0.005
    TG Waist circumference 0.030 0.006 0.332 5.185 0.000
    HDL-C Waist circumference -0.007 0.003 -0.151 -2.249 0.025

Diastolic blood pressure 0.005 0.002 0.147 2.169 0.031
Systolic blood pressure -0.003 0.001 -0.183 -2.542 0.011

    LDL-C Age 0.008 0.003 0.171 2.976 0.003
Waist circumference 0.015 0.006 0.173 2.539 0.011

    ApoA1 Glucose -0.017 0.007 -0.107 -2.289 0.023
Systolic blood pressure -0.002 0.001 -0.166 -2.233 0.026

Pulse pressure -0.002 0.001 -0.120 -2.480 0.013
    ApoB Genotype -0.024 0.010 -0.110 -2.450 0.015

Age 0.002 0.001 0.163 3.035 0.003
Waist circumference 0.009 0.001 0.381 5.950 0.000

    ApoA1/ApoB Waist circumference -0.018 0.003 -0.345 -5.328 0.000
Systolic blood pressure -0.004 0.001 -0.208 -2.983 0.003

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein B; B, unstan-
dardized coefficient; Beta, standardized coefficient.
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VEGFA rs998584 SNP and serum lipid levels 
were also different between the both ethnic 
groups and between males and females in the 
Maonan population. There may be a racial/eth-
nic- and/or sex-specific association of the 
VEGFA rs998584 SNP and serum lipid levels.

Acknowledgements

This study was supported by the National 
Natural Science Foundation of China (No: 
81460169).

Disclosure of conflict of interest

None.

Address correspondence to: Rui-Xing Yin, Depart- 
ment of Cardiology, Institute of Cardiovascular Dis- 
eases, The First Affiliated Hospital, Guangxi Medical 
University, 22 Shuangyong Road, Nanning, Guangxi, 
China. E-mail: yinruixing@163.com

References

[1] Moran AE, Forouzanfar MH, Roth GA, Mensah 
GA, Ezzati M, Murray CJ, Naghavi M. Temporal 
trends in ischemic heart disease mortality in 
21 world regions, 1980 to 2010: the global 
burden of disease 2010 study. Circulation 
2014; 129: 1483-92

[2] Jiang G, Wang D, Li W, Pan Y, Zheng W, Zhang 
H, Sun YV. Coronary heart disease mortality in 
China: age, gender, and urban-rural gaps dur-
ing epidemiological transition. Rev Panam 
Salud Publica 2012; 31: 317-24.

[3] Allahverdian S, Chehroudi AC, Mcmanus BM, 
Abraham T, Francis GA. Response to letter re-
garding article, “contribution of intimal smooth 
muscle cells to cholesterol accumulation and 
macrophage-like cells in human atherosclero-
sis”. Circulation 2015; 131: e25.

[4] Lindman AS, Veierød MB, Tverdal A, Pedersen 
JI, Selmer R. Nonfasting triglycerides and risk 
of cardiovascular death in men and women 
from the Norwegian Counties Study. Eur J Epi-
demiol 2010; 25: 789-98.

[5] Eckel RH. LDL cholesterol as a predictor of 
mortality, and beyond: to fast or not to fast, th- 
at is the question? Circulation 2014; 130: 
528-9.

[6] Furtado JD, Campos H, Appel LJ, Miller ER, 
Laranjo N, Carey VJ, Sacks FM. Effect of pro-
tein, unsaturated fat, and carbohydrate in-
takes on plasma apolipoprotein B and VLDL 
and LDL containing apolipoprotein C-III: results 
from the OmniHeart Trial. Am J Clin Nutr 2008; 
87: 1623-30.

large amounts of ethanol would have the oppo-
site result. An Italian Longitudinal Study on 
Aging showed that alcohol consumption 
increased serum LDL-C levels in older Italian 
males (65-84 years) [46]. Onat et al. [47] also 
showed that alcohol consumption is positively 
associated with TG, LDL-C, and ApoB levels in 
males and negatively correlated with TG and/ 
or not correlated with LDL-C and ApoB levels  
in females. Furthermore, consuming large 
amounts of alcohol was also asociatied with 
higher values for blood pressure [48] and waist 
circumference [49]. The relationship between 
cigarette smoking and serum lipid disorder  
has been taken more and more attention. A 
recent study in smoking males (ages from 25 to 
35 years old) has found that a significant 
increase in TC and LDL-C in tobacco users  
[50]. Another meta-analysis also reported that  
smoking increased TG by 0.15 mmol/L, and 
decreased HDL-C by 0.09 mmol/L with every 
20 cigarettes smoked [51]. Consequently, the 
results of exposure to different dietary hab- 
its, lifestyle and environmental factors may  
further modify the association of genetic varia-
tions and serum lipid levels in our study 
populations. 

Limitations

There are several potential limitations in our 
study. First, we were not able to alleviate the 
effect of diet and several environmental  
factors during the statistical analysis. Second, 
although we observe significant association of 
the VEGFA rs998584 SNP and serum lipid  
levels, there are still many unmeasured envi-
ronmental and genetic factors that needed to 
be considered. The interactions of gene-gene, 
gene-enviroment, and environment-environ-
ment on serum lipid levels are still to be  
determined. Third, this is the first study to 
report the sex-specific association of the 
rs998584 SNP and serum lipid levels, no previ-
ous evidence to support our findings and the 
number of subjects in our study is moderate, 
the statistical power is relatively reliable. Thus, 
further studies with larger samples are needed 
to replicate our findings in other populations.

Conclusions

The present study showed that the genotypic 
and allelic frequencies of the VEGFA rs998584 
SNP were different between the Han and 
Maonan populations. The associations of the 



VEGFA rs998584 SNP and serum lipid levels

2965 Int J Clin Exp Med 2019;12(3):2952-2967

[7] Silbernagel G, Schöttker B, Appelbaum S, 
Scharnagl H, Kleber ME, Grammer TB, Ritsch 
A, Mons U, Holleczek B, Goliasch G. High-den-
sity lipoprotein cholesterol, coronary artery dis-
ease, and cardiovascular mortality. Eur Heart J 
2013; 34: 3563-71.

[8] Van Lennep JE, Westerveld HT, van Lennep 
HW, Zwinderman AH, Erkelens DW, Ee VDW. 
Apolipoprotein concentrations during treat-
ment and recurrent coronary artery disease 
events. Arterioscler Thromb Vasc Biol 2000; 
20: 2408-13.

[9] Tamang HK, Timilsina U, Singh KP, Shrestha S, 
Raman RK, Panta P, Karna P, Khadka L, Dahal 
C. Apo B/Apo A-I ratio is statistically a better 
predictor of cardiovascular disease (CVD) than 
conventional lipid profile: a study from kath-
mandu valley, nepal. J Clin Diagn Res 2014; 8: 
34-6.

[10] Takahashi R, Taguchi N, Suzuki M, Cheng XW, 
Numaguchi Y, Tsukamoto H, Ikeda N, Muroha-
ra T, Okumura K. Cholesterol and triglyceride 
concentrations in lipoproteins as related to ca-
rotid intima-media thickness. Int Heart J 2012; 
53: 29-34 

[11] Ordovás JM, Robertson R, Cléirigh EN. Gene-
gene and gene-environment interactions defin-
ing lipid-related traits. Curr Opin Lipidol 2011; 
22: 129-36.

[12] Chum A, O’Campo P. Cross-sectional associa-
tions between residential environmental expo-
sures and cardiovascular diseases. BMC Pub-
lic Health 2015; 15: 438.

[13] Draisma HH, Reijmers TH, Meulman JJ, van 
der Greef J, Hankemeier T, Boomsma DI. Hier-
archical clustering analysis of blood plasma 
lipidomics profiles from mono- and dizygotic 
twin families. Eur J Hum Genet 2013; 21: 95-
101.

[14] Teslovich TM, Musunuru K, Smith AV, Edmond-
son AC, Stylianou IM, Koseki M, Pirruccello JP, 
Ripatti S, Chasman DI, Willer CJ, Johansen CT, 
Fouchier SW, Isaacs A, Peloso GM, Barbalic M, 
Ricketts SL, Bis JC, Aulchenko YS, Thorleifsson 
G, Feitosa MF, Chambers J, Orho-Melander M, 
Melander O, Johnson T, Li X, Guo X, Li M, Shin 
Cho Y, Jin Go M, Jin Kim Y, Lee JY, Park T, Kim 
K, Sim X, Twee-Hee Ong R, Croteau-Chonka DC, 
Lange LA, Smith JD, Song K, Hua Zhao J, Yuan 
X, Luan J, Lamina C, Ziegler A, Zhang W, Zee 
RY, Wright AF, Witteman JC, Wilson JF, 
Willemsen G, Wichmann HE, Whitfield JB, 
Waterworth DM, Wareham NJ, Waeber G, 
Vollenweider P, Voight BF, Vitart V, Uitterlinden 
AG, Uda M, Tuomilehto J, Thompson JR, Tanaka 
T, Surakka I, Stringham HM, Spector TD, 
Soranzo N, Smit JH, Sinisalo J, Silander K, 
Sijbrands EJ, Scuteri A, Scott J, Schlessinger D, 

Sanna S, Salomaa V, Saharinen J, Sabatti C, 
Ruokonen A, Rudan I, Rose LM, Roberts R, 
Rieder M, Psaty BM, Pramstaller PP, Pichler I, 
Perola M, Penninx BW, Pedersen NL, Pattaro C, 
Parker AN, Pare G, Oostra BA, O’Donnell CJ, 
Nieminen MS, Nickerson DA, Montgomery GW, 
Meitinger T, McPherson R, McCarthy MI, 
McArdle W, Masson D, Martin NG, Marroni F, 
Mangino M, Magnusson PK, Lucas G, Luben R, 
Loos RJ, Lokki ML, Lettre G, Langenberg C, 
Launer LJ, Lakatta EG, Laaksonen R, Kyvik KO, 
Kronenberg F, Konig IR, Khaw KT, Kaprio J, 
Kaplan LM, Johansson A, Jarvelin MR, 
Janssens AC, Ingelsson E, Igl W, Kees Hovingh 
G, Hottenga JJ, Hofman A, Hicks AA, 
Hengstenberg C, Heid IM, Hayward C, 
Havulinna AS, Hastie ND, Harris TB, Haritunians 
T, Hall AS, Gyllensten U, Guiducci C, Groop LC, 
Gonzalez E, Gieger C, Freimer NB, Ferrucci L, 
Erdmann J, Elliott P, Ejebe KG, Doring A, 
Dominiczak AF, Demissie S, Deloukas P, de 
Geus EJ, de Faire U, Crawford G, Collins FS, 
Chen YD, Caulfield MJ, Campbell H, Burtt NP, 
Bonnycastle LL, Boomsma DI, Boekholdt SM, 
Bergman RN, Barroso I, Bandinelli S, 
Ballantyne CM, Assimes TL, Quertermous T, 
Altshuler D, Seielstad M, Wong TY, Tai ES, 
Feranil AB, Kuzawa CW, Adair LS, Taylor HA Jr, 
Borecki IB, Gabriel SB, Wilson JG, Holm H, 
Thorsteinsdottir U, Gudnason V, Krauss RM, 
Mohlke KL, Ordovas JM, Munroe PB, Kooner 
JS, Tall AR, Hegele RA, Kastelein JJ, Schadt EE, 
Rotter JI, Boerwinkle E, Strachan DP, Mooser V, 
Stefansson K, Reilly MP, Samani NJ, Schunkert 
H, Cupples LA, Sandhu MS, Ridker PM, Rader 
DJ, van Duijn CM, Peltonen L, Abecasis GR, 
Boehnke M and Kathiresan S. Biological, 
clinical and population relevance of 95 loci for 
blood lipids. Nature 2010; 466: 707-13

[15] Coram M, Duan Q, Hoffmann T, Thornton T, 
Knowles J, Johnson N, Ochs-Balcom H, Donlon 
T, Martin L, Eaton C. Genome-wide character-
ization of shared and distinct genetic compo-
nents that influence blood lipid levels in ethni-
cally diverse human populations. Am J Hum 
Genet 2013; 92: 904-16. 

[16] Stathopoulou MG, Bonnefond A, Ndiaye NC, 
Aziminezhad M, Shamieh SE, Saleh A, Rancier 
M, Siest G, Lamont J, Fitzgerald P. A common 
variant highly associated with plasma VEGFA 
levels also contributes to the variation of both 
LDL-C and HDL-C. J Lipid Res 2013; 54: 535-
41. 

[17] Willer CJ, Schmidt EM, Sengupta S, Peloso GM, 
Gustafsson S, Kanoni S, Ganna A, Chen J, Bu-
chkovich ML, Mora S. Discovery and refine-
ment of loci associated with lipid levels. Nat 
Genet 2013; 45: 1274-1283.



VEGFA rs998584 SNP and serum lipid levels

2966 Int J Clin Exp Med 2019;12(3):2952-2967

[18] Carmeliet P, Jain RK. Molecular mechanisms 
and clinical applications of angiogenesis. Na-
ture 2011; 473: 298-307.

[19] Zachary I, Morgan RD. Therapeutic angioge- 
nesis for cardiovascular disease: biological 
context, challenges, prospects. Heart 2011; 
97: 181-9.

[20] Boonkitticharoen V, Sritara C, Vathesatogkit P, 
Saengruang-Orn S, Ratanachaiwong W, Sritara 
P. Vascular endothelial growth factor and its 
soluble receptor-1 as surrogate markers for 
subjects with high-risk of cardiovascular 
disease. J Cardiovasc Dis Res 2014; 5: 35-42.

[21] Ylä-Herttuala S, Rissanen TT, Vajanto I, Harti-
kainen J. Vascular endothelial growth factors: 
biology and current status of clinical applica-
tions in cardiovascular medicine. J Am Coll Car-
diol 2007; 49: 1015-1026.

[22] Alber HF, Dulak J, Frick M, Dichtl W, Schwar-
zacher SP, Pachinger O, Weidinger F. Atorvas-
tatin decreases vascular endothelial growth 
factor in patients with coronary artery disease. 
J Am Coll Cardiol 2002; 39: 1951-5.

[23] Sumino H, Nakamura T, Ichikawa S, Kanda T, 
Sakamaki T, Sato K, Kobayashi I, Nagai R. Se-
rum level of vascular endothelial growth factor 
is decreased by hormone replacement therapy 
in postmenopausal women without hypercho-
lesterolemia. Atherosclerosis 2000; 148: 189-
95

[24] Sandhofer A, Tatarczyk T, Kirchmair R, Iglseder 
B, Paulweber B, Patsch JR, Schratzberger P. 
Are plasma VEGF and its soluble receptor sFlt-
1 atherogenic risk factors? Cross-sectional 
data from the SAPHIR study. Atherosclerosis 
2009; 206: 265-9.

[25] Mittendorfer B. Sexual dimorphism in human 
lipid metabolism. J Nutr 2005; 135: 681-6.

[26] Gostynski M, Gutzwiller F, Kuulasmaa K, 
Döring A, Ferrario M, Grafnetter D, Pajak A. 
Analysis of the relationship between total cho-
lesterol, age, body mass index among males 
and females in the WHO MONICA Project. Int J 
Obes Relat Metab Disord 2004; 27: 1082-90.

[27] Wang X, Magkos F, Mittendorfer B. Sex differ-
ences in lipid and lipoprotein metabolism: it’s 
not just about sex hormones. J Clin Endocrinol 
Metab 2011; 96: 885-93.

[28] Wang Y, Aung LHH, Tan JY, Yin RX, Hu XJ, Long 
XJ, Wu DF, Miao L, Yang DZ, Pan SL. Prevalence 
of dyslipidemia and its risk factors in the Chi-
nese Maonan and Han populations. Interna-
tional Journal of Clinical & Experimental Medi-
cine 2016; 9: 10603-10616.

[29] An epidemiological study of cardiovascular 
and cardiopulmonary disease risk factors in 
four populations in the People’s Republic of 
China. Baseline report from the P.R.C.-U.S.A. 
collaborative study. People’s Republic of 

China-United states cardiovascular and car- 
diopulmonary epidemiology research group. 
Circulation 1992; 85: 1083-96.

[30] Lin QZ, Yin RX, Guo T, Wu J, Sun JQ, Shen SW, 
Shi GY, Wu JZ, Liu CW, Pan SL. Association of 
the ST3GAL4 rs11220462 polymorphism and 
serum lipid levels in the Mulao and Han popu-
lations. Lipids Health Dis 2014; 13: 123.

[31] Aung LH, Yin RX, Wu DF, Wang W, Wu JZ, Liu 
CW. Sex-specific Association of the Zinc Finger 
Protein 259 rs2075290 polymorphism and se-
rum lipid levels. Int J Med Sci 2014; 11: 471-8.

[32] Li Q, Yin RX, Wei XL, Yan TT, Aung LH, Wu DF, 
Wu JZ, Lin WX, Liu CW, Pan SL. ATP-binding 
cassette transporter G5 and G8 polymor-
phisms and several environmental factors with 
serum lipid levels. PLoS One 2012; 7: e37972.

[33] Guo T, Yin RX, Lin QZ, Wu J, Shen SW, Sun JQ, 
Shi GY, Wu JZ, Li H, Wang YM. Polymorphism of 
rs873308 near the transmembrane protein 57 
gene is associated with serum lipid levels. 
Biosci Rep 2014; 34: e00095. 

[34] Ramazauskiene V, Petkeviciene J, Klumbiene 
J, Kriaucioniene V, Sakytė E. Diet and serum 
lipids: changes over socio-economic transition 
period in Lithuanian rural population. BMC 
Public Health 2011; 11: 447.

[35] Whitworth JA. 2003 World Health Organization 
(WHO)/International Society of Hypertension 
(ISH) statement on management of hyperten-
sion. J Hypertens 2003; 21: 1983-1992.

[36] Zhou RH, Yao M, Lee TS, Zhu Y, Martins-Green 
M, Shyy JY. Vascular endothelial growth factor 
activation of sterol regulatory element binding 
protein: a potential role in angiogenesis. Circ 
Res 2004; 95: 471-8.

[37] Kivelä AM, Dijkstra MH, Heinonen SE, Gurzeler 
E, Jauhiainen S, Levonen AL, Yläherttuala S. 
Regulation of endothelial lipase and systemic 
HDL cholesterol levels by SREBPs and VEGF-A. 
Atherosclerosis 2012; 225: 335-40.

[38] Kimura K, Hashiguchi T, Deguchi T, Horinouchi 
S, Uto T, Oku H, Setoyama S, Maruyama I, 
Osame M, Arimura K. Serum VEGF--as a prog-
nostic factor of atherosclerosis. Atherosclero-
sis 2007; 194: 182-8

[39] Barnabas O, Hong W, Gao XM. Role of estrogen 
in angiogenesis in cardiovascular diseases. J 
Geriatr Cardiol 2013; 10: 377-82.

[40] Hokimoto S, Tabata N, Akasaka T, Arima Y, 
Tsujita K, Yamamoto E, Izumiya Y, Yamamuro 
M, Sakamoto K, Kaikita K. Gender differences 
in impact of vascular endothelial dysfunction 
on clinical outcome following coronary stenting 
in patients with coronary heart disease. Int J 
Cardiol 2014; 177: 723-5.

[41] Hokimoto S, Tabata N, Akasaka T, Arima Y, 
Tsujita K, Yamamoto E, Izumiya Y, Yamamuro 
M, Sakamoto K, Kaikita K. Gender differences 



VEGFA rs998584 SNP and serum lipid levels

2967 Int J Clin Exp Med 2019;12(3):2952-2967

in impact of vascular endothelial dysfunction 
on clinical outcome following coronary stenting 
in patients with coronary heart disease. Int J 
Cardiol 2014; 177: 723-5.

[42] Cullen P. Evidence that triglycerides are an in-
dependent coronary heart disease risk factor. 
Am J Cardiol 2000; 86: 943-9.

[43] Elder SJ. Genetic and environmental influenc-
es on factors associated with cardiovascular 
disease and the metabolic syndrome. J Lipid 
Res 2009; 50: 1917-26.

[44] Solá R, Fitó M, Estruch R, Salas-Salvadó J, 
Corella D, de La Torre R, Muñoz MA, López-Sa-
bater Mdel C, Martínez-González MA, Arós F, 
Ruiz-Gutierrez V, Fiol M, Casals E, Wärnberg J, 
Buil-Cosiales P, Ros E, Konstantinidou V, Lape-
tra J, Serra-Majem L, Covas MI. Effect of a tra-
ditional Mediterranean diet on apolipoproteins 
B, A-I, and their ratio: a randomized, controlled 
trial. Atherosclerosis 2011; 218: 174-80.

[45] Rimm EB, Williams P, Fosher K, Criqui M, 
Stampfer MJ. Moderate alcohol intake and 
lower risk of coronary heart disease: meta-
analysis of effects on lipids and haemostatic 
factors. BMJ 1999; 319: 1523-8.

[46] Perissinotto E, Buja A, Maggi S, Enzi G, Man-
zato E, Scafato E, Mastrangelo G, Frigo AC, 
Coin A, Crepaldi G, Sergi G; ILSA Working 
Group. Alcohol consumption and cardiovascu-
lar risk factors in older lifelong wine drinkers: 
The Italian Longitudinal Study on Aging. Nutr 
Metab Cardiovasc Dis 2010; 20: 647-55.

[47] Onat A, Hergenc G, Dursunoglu D, Ordu S, Can 
G, Bulur S, Yüksel H. Associations of alcohol 
consumption with blood pressure, lipopro-
teins, and subclinical inflammation among 
Turks. Alcohol 2008; 42: 593-601.

[48] Sesso HD, Cook NR, Buring JE, Manson JE, Ga-
ziano JM. Alcohol consumption and the risk of 
hypertension in women and men. Hyperten-
sion 2008; 51: 1080-7.

[49] Tolstrup J, Halkjaer J, Heitmann B, Tjonneland 
A, Overvad K, Sorensen T, Gronbaek M. Alcohol 
drinking frequency in relation to subsequent 
changes in waist circumference. Am J Clin Nutr 
2008; 87: 957-63.

[50] Rao Ch S, Subash Y E. The effect of chronic 
tobacco smoking and chewing on the lipid pro-
file. J Clin Diagn Res 2013; 7: 31-4.

[51] Hata Y, Nakajima K. Life-style and serum lipids 
and lipoproteins. J Atheroscler Thromb 2011; 
7: 177-97.


