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Abstract: The glycerol-3-phosphate acyltransferase mitochondrial gene (GPAM) variant has been associated with 
serum lipid levels in the Eurpean ancestry, but little is known about such association in Chinese populations. The 
aim of the present study was to investigate the relationship between the GPAM rs1129555 single nucleotide poly-
morphism (SNP) and several environment factors with blood lipid profiles in the Guangxi Maonan and Han popu-
lations. A total of 720 individuals of Maonan nationality and 780 participants of Han nationality were randomly 
selected from our previous stratified randomized samples. Genotyping of the rs1129555 SNP was carried out using 
the polymerase chain reaction-restriction fragment length polymorphism technique, and then confirmed by direct 
sequencing. The frequencies of C and T alleles were 72.85% and 27.15% in Maonan, and 65.19% and 34.81% in 
Han (P < 0.001); respectively. The frequencies of CC, CT, and TT genotypes were 51.53%, 42.36%, and 5.97% in 
Maonan, and 43.08%, 44.23%, and 12.69% in Han populations (P < 0.001). The T allele carriers had higher serum 
triglyceride (TG) in Han and higher low-density lipoprotein cholesterol (LDL-C) in both Maonan and Han than the 
T allele non-carriers (P < 0.05-0.01). Gender subgroup analyses showed that the T allele carriers had higher TG 
levels in Han males (P < 0.05) and higher LDL-C levels in Maonan males but not in famales (P < 0.01). Serum lipid 
parameters were also associated with several environmental factors (P < 0.05-0.001). These findings suggest that 
racial/ethnic- and/or gender-specific association occurs between the GPAM rs1129555 variant and serum lipid 
parameters in our study populations.

Keywords: Glycerol-3-phosphate acyltransferase mitochondrial, single nucleotide polymorphism, lipids, environ-
mental factor

Introduction

Cornary heart disease (CHD) has been the larg-
est threat to public health in developed con-
tries [1]. CHD and its sequelae (angina, myocar-
dial infarction, cardiac revascularization or 
transplantation) affect more than 16 million 
Americans and untold numbers of people 
world-wide [2]. In China, the CHD prevalence 
and mortality rate have been increasing in 
recent decades [3]. It is generally accepted that 
CHD is a multifactorial disease [4]. Reduction 
of known risk factors for CHD such as hyperlip-
idemia, hypertension, diabetes, heavy alcohol 
consumption, and smoking has been assessed 
in multiple clinical trials and is associated with 
30% to 40% less clinical events such as myo-
cardial infarction and chronic heart failure [5]. 
Dyslipidemia, particularly hypertriglyceridemia, 
hypercholesterolemia and low high-density 

lipoprotein cholesterol (HDL-C), is well-desc- 
ribed independent predictor for atherosclerosis 
and CHD [6]. Low-density lipoprotein cholester-
ol (LDL-C) has been considered to be the ma- 
jor lipid risk factor and main target of lipid-low-
ering therapy in most national guidelines [7, 8]. 
Lipid disorder is a common result that is deter-
mined by age, gender, genetic, ethnicity, envi-
ronmental factors and their interactions [9]. 
Family studies based on twins suggest that in 
different populations, genetic factors contrib-
ute to about half of the variation in serum lipid 
profiles [10]. Although it has been estimated 
that up to 41% of interindividual variability may 
be determined by genetic factors [11], the 
genetic architecture of dyslipidemia and CHD 
remains largely undefined. Genome-wide asso-
ciation studies (GWASs) have identified that  
the common variants at loci together can 
explain about 10-12% of the variations in each 
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lipid trait and rare variants with large individual 
effects may also contribute to the heritability of 
lipid traits [12]. Gentic variants with small 
effects can point to pathways and therapeutic 
targets that enable clinically-important chang-
es in blood lipids. Therefore, understanding of 
the association of SNP and serum lipid levels 
may become a new approach for preventing 
and treatment of CHD.

In recent years, a multitude of new gene loci 
associated with blood lipid levels have been 
discovered by GWAS, the glycerol-3-phosphate 
acyltransferase mitochondrial gene (GPAM; 
also knows as: GPAT, GPAT1; Gene ID: 57678, 
HGNC ID: 24805, chromosomal location: 
10q25.2) is one of the potential candidate 
genes that play an important role in serum  
lipid metabolism [13]. GPAM, is a member of 
protein family (pfam) 01553 family of glycero-
lipid acyltransferases, located in the outer 
mitochondrial membrane. GPAM is most highly 
expressed in liver and adipose tissue, but is 
also present in many other tissues including 
brain, kidney, heart, and adrenal gland. Liver is 
a major organ of regulating lipid metabolism, 
knockout and overexpression studies suggest 
that GPAM isoforms play a critical role in the 
development of hepatic steatosis and that ste-
atosis initiated by overexpression of GPAM 
result in fatty liver, obesity, insulin resistance, 
and hyperlipidemia [14, 15]. Gain-of-function 
and loss-of-function studies highlight the im- 
portance of GPAM in de novo triglyceride (TG) 
synthesis. The pathway of TG biosynthesis is 
remarkable for the number of enzymes that 
catalyze each step. For example, four indepen-
dent GPAM isoforms, each encoded by a sepa-
rate gene, catalyze the synthesis of lysophos-
phatidic acid from glycerol-3-phosphate and 
long-chain acyl-CoA. Coleman et al. showed  
that the esterification of glycerol-3-phosphate 
with a long-chain acyl-CoA was the initial step in 
the synthesis of phospholipids and TG [16]. 
Plasmid- and adenovirus-mediated overexpres-
sion of GPAM in Chinese hamster ovary and 
HEK293 cells and in primary rat hepatocytes 
increases TG content and [14C]oleate incorpora-
tion into TG 3- to 4-fold, whereas hepatic TG 
content variably affects very-low-density lipo-
protein (VLDL) secretion [17, 18]. More recent-
ly, research of human populations has showed 
that genetic polymorphsims in GPAM are sig-
nificantly associated with plasma tatol choles-
terol (TC) and LDL-C levels [13, 19-21]. But the 
reproducibility and repeatability of this asso- 

ciation has not been performed in Chinese  
populations. Genetic variation is known to have 
different magnitudes of effect in the different 
ethnic groups. Therefore, it may be acctractive 
to characterize the association between the 
rs1129555 variation and serum lipid levels in 
the Chinese populations.

China is a multiethnic country, with a culture of 
different ethnic groups having different con- 
tent and features. The Han population accounts 
for the majority of the total population of our 
country. Maonan, on the other hand, is one of 
the minorities with a population of 107,166 
according to the China’s fifth national census in 
2000. They are mainly distributed in the 
Shangnan, Zhongnan, and Xianan townships  
of Huanjiang Maonan Autonomous County in 
Guangxi Zhuang Autonomous Region, which is 
situated in Southwestern China. The Maonan 
ethnic group has various lifestyles and different 
eating habits which may result in the effect of 
hereditary variation to be further modified. 
Several previous studies have showed that the 
genetic relationship between Maonan national-
ity and other minorities in Guangxi [22] was 
much closer than that between Maonan and 
Han nationalities [23]. Furthermore, they have 
their tradition of ethnic endogamy and consan-
guineous marriage to cousins of maternal side, 
suggesting that the genetic background of 
Maonan nationality may be less heterogene- 
ous within the population. Taken together, we 
believed that the Maonan nationality has be- 
come a useful group for population genetic 
studies. Thus, the present study was to detect 
the association of the rs1129555 SNP and 
serum lipid levels in the Maonan and Han 
populations.

Materials and methods

Subjects

A total of 780 unrelated participants of Han 
(306 males, 39.23% and 474 females, 60.77%) 
and 720 unrelated subjects of Maonan (291 
males, 40.42% and 429 females, 59.58%) 
were randomly selected from our previous str- 
atified randomized samples [24]. All partici-
pants were agricultural workers living in Huan- 
jiang Maonan Autonomous Region, Guangxi 
Zhuang Autonomous Region, People’s Republic 
of China. The age of the participants ranged 
from 25 to 80 years, with a mean age of 
55.90±13.54 years in Han and 57.07±15.02 
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years in Maonan (P > 0.05), respectively. All 
study subjects 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 
subjects who had a history of taking medica-
tions known to affect serum lipid levels (lipid-
lowering drugs such as statins or fibrates, beta 
blockers, 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 Un- 
iversity (No. Lunshen-2014-KY-Guoji-001, Mar. 
7, 2014). Informed consent was taken from all 
participants.

Epidemiological survey

The survey was carried out using internationa- 
lly standardized methods, following a common 
protocol [25]. Information on demographics, 
socioeconomic status, and lifestyle factors  
was collected with standardized questionna- 
ires. 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-smoker), < 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 [26].

Biochemical measurements

A fasting venous blood sample of 5 mL was 
drawn from the participants. A part of the sam-
ple (2 mL) was collected into glass tubes and 
used to determine serum lipid levels, and 
another part (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, Crumlin Co. Antrim, United 
Kingdom, BT29 4QY; Daiichi Pure Chemicals 
Co., Ltd., Tokyo, Japan). Serum apolipoprotein 
(Apo) A1 and ApoB levels were measured by  
the immunoturbidimetric 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 [27].

DNA amplification and genotyping

Genomic DNA of the samples was extracted 
from peripheral blood leucocytes according  
to the phenol-chloroform method [28]. The 
extracted DNA was stored at 4°C until anal- 
ysis. Genotyping of the GPAM rs1129555 SNP 
was performed by polymerase chain reaction 
and restriction fragment length polymorph- 
ism (PCR-RFLP). PCR amplification was perfo- 
rmed using 5’-AGAGAGGAGGGAAGTTGTGCA-3’ 
and 5’-TAACCCAGCATTGCCCAAAC-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 
(constituent: 0.1 U Taq polymerase/μL, 500 μM 
dNTP each and PCR buffer.), and 8.5 μL of 
ddH2O (DNase/RNase-free). PCR was perform- 
ed with an initialization step of 95°C for 5 min, 
followed by 30 s denaturing at 95°C, 30 s of 
annealing at 58°C and 30 s of elongation at 
72°C for 33 cycles. The amplification was com-
pleted 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 reaction 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 BstMAI 
restriction enzyme in a total volume of 15 µL 
digested at 55°C overnight. After restriction 
enzyme digestion of the amplified DNA, geno-
types 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 
epidemiological and serum lipid results. Six 
samples (CC, CT, and TT 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.

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-
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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 [29]. Hypertension 
diagnosis standard is according to the cirteria 
of 1999 and 2003 World Health Organization-
International Society of Hypertension Guide- 
lines for the management of hypertension [30]. 
The diagnostic criteria of overweight and obe-
sity were according to the Cooperative Meta 
analysis Group of China Obesity Task Force. 
Normal weight, overweight and obesity were 
defined as a BMI < 24, 24-28 and > 28 kg/m2, 
respectively.

Statistical analyses

Statistical analyses were performed with the 
statistical software package SPSS 22.0 (SPSS 

determine the correlation between the geno-
types (CC = 1, CT = 2, TT = 3) and several envi-
ronmental factors with serum lipid levels in 
males and females of Han and Maonan popula-
tions. Two-sided P values < 0.05 were consid-
ered statistically significant.

Results

General characteristics and serum lipid levels

Table 1 shows the general characteristics  
and serum lipid parameters between the Han 
and Maonan populations. The levels of serum 
HDL-C and ApoA1 were higher in Han than in 
Maonan (P < 0.01), whereas the percentages of 
cigarette smoking, alcohol consumption, and 
the levels of systolic blood pressure, pulse 
pressure, body waist circumference, serum TG 

Table 1. Comparison of demographic, lifestyle characteristics, and serum 
lipid levels between the Han and Maonan populations
Parameter Han Maonan t (x2) P
Number 780 720
Male/female 306/474 291/429 0.220 0.639
Age (years) 55.90±13.54 57.07±15.02 -1.578 0.115
Height (cm) 154.25±7.90 153.87±8.05  0.908 0.364
Weight (kg) 53.40±9.18 53.17±10.72 0.443 0.658
Body mass index (kg/m2) 22.39±3.25 22.34±3.63 0.325 0.745
Waist circumference (cm) 75.53±8.14 76.60±9.25 -2.360 0.018
Smoking status [n (%)]
    Non-smoker 593 (76.03) 538 (74.72)
    ≤ 20 cigarettes/day 166 (21.28) 142 (19.72)
    > 20 cigarettes/day 21 (2.69) 40 (5.56) 8.076 0.018
Alcohol consumption [n (%)]
    Non-drinker 625 (80.13) 511 (70.97)
    ≤ 25 g/day 83 (10.64) 110 (15.28)
    > 25 g/day 72 (9.23) 99 (13.75) 17.108 0.000
Systolic blood pressure (mmHg) 130.37±19.43 135.57±23.80 -4.589 0.000
Diastolic blood pressure (mmHg) 82.01±11.51 83.20±12.44 -1.911 0.056
Pulse pressure (mmHg) 48.36±15.73 52.37±17.44 -4.639 0.000
Glucose (mmol/L) 6.29±1.96 6.19±1.43 1.133 0.257
Total cholesterol (mmol/L) 5.00±1.02 4.99±0.94 0.156 0.876
Triglyceride (mmol/L) 1.14 (0.51) 1.28 (0.52) -3.917 0.000
HDL-C (mmol/L) 1.70±0.46 1.58±0.39 5.128 0.000
LDL-C (mmol/L) 2.87±0.75 2.93±0.66 -1.552 0.121
ApoA1 (g/L) 1.33±0.23 1.36±0.21 -3.101 0.002
ApoB (g/L) 0.86±0.20 0.88±0.18 -1.665 0.096
ApoA1/ApoB 1.63±0.53 1.62±0.44 0.282 0.778
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo, 
apolipoprotein. The value of triglyceride was presented as median (interquartile range), the 
difference between the two ethnic groups was determined by the Wilcoxon-Mann-Whitney 
test.

Inc., Chicago, Illinois). 
Quantitative variables 
were presented as me- 
an ± standard devia-
tion (serum TG levels 
were presented as me- 
dian and interquarti- 
le ranges). Allele frequ- 
ency was determined 
via direct counting, 
and the Hardy-Weinbe- 
rg equilibrium was ve- 
rified with the standa- 
rd goodness-of-fit test. 
The genotype distribu-
tion between the two 
ethnic groups was an- 
alyzed by the Chi-squ- 
are test. General ch- 
aracteristics between 
two ethnic groups were 
compared by the Stu- 
dent’s unpaired t-test. 
Association between 
genotypes and serum 
lipid parameters was 
tested by covariance 
analysis (ANCOVA). Ge- 
nder, age, BMI, blood 
pressure, alcohol con-
sumption, and cigare- 
tte smoking were ad- 
justed for the statisti-
cal analysis. Multiva- 
riate linear regression 
analyses with stepwise 
modeling were used to 
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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, 
BMI, diastolic blood pressure, glucose, serum 
TC, LDL-C, ApoB levels and the ratio of ApoA1  
to ApoB 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 
393 bp nucleotide sequences were observed  
in all samples (Figure 1). The genotypes identi-
fied were termed according to the presence  
(C allele) or absence (T allele) of the enzyme 
restriction sites. Thus, the CC genotype is 
homozygous for the presence of the site (bands 
at 307- and 86-bp), the CT genotype is hetero-
zygous for the presence and absence of the 
site (bands at 393-, 307- and 86-bp) and the TT 
genotype is homozygous for the absence of the 
site (bands at 393 bp; Figure 2). The CC, CT and 
TT 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 
GPAM rs1129555 SNP are shown in Table 2. 
The genotype and allele frequencies were sig-
nificantly different between the Han and 
Maonan populations (CC, 43.08% vs. 51.53%; 
CT, 44.23% vs. 42.36%; TT, 12.69% vs. 5.97%; 
P = 0.000; C, 65.19% vs. 72.85%; T, 34.81% vs. 
27.15%; P = 0.000). Gender subgroup analysis 
showed that there were no differences in the 
genotypic and allele frequencies between 
males and females in the two ethnic groups (P 
> 0.05 for each). 

Genotypes and serum lipid levels

Tables 3 and 4 describe the association be- 
tween genotypes and serum lipid levels. Serum 
LDL-C levels were different among the three 
genotypes in both ethnic groups (P < 0.05). 
Serum TG levels were different among the three 
genotypes in Han but not in Maonan (P < 0.05), 
the T allele carriers had higher TG and LDL-C 
levels than the T allele non-carriers (P < 0.05). 
Gender subgroup analysis showed that the TG 
levels in Han males and LDL-C levels in Maonan 
males were associated with the genotypes (P < 
0.05-0.01).

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 

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 393 bp 
bands are the target genes.

Figure 2. Genotyping of the GPAM rs1129555 SNP. 
Lane M, 100 bp marker ladder; lanes 1 and 2, TT 
genotype (393-bp); lanes 3 and 4, CC genotype (307- 
and 86-bp); and lanes 5 and 6, CT genotype (393-, 
307- and 86-bp).
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that serum LDL-C levels in both Maonan and 
Han populations; TG, LDL-C, in Han and LDL-C 
levels in Maonan were correlated with the geno-
types of the GPAM rs1129555 SNP (P < 0.05-
0.01; Table 5). As shown in Table 6, when the 
correlation between serum lipid parameters 
and the genotypes was analyzed according to 
gender, the TG levels were assocated with gen-
otypes in Han males and serum LDL-C levels in 
Maonan males were correlated with the geno-

Discussion

China has experienced a considerable increase 
in the prevalence of CHD over the past years 
[31]. Disorders of lipid metabolism plays an 
important role in the pathogenesis and devel-
opment of atherosclerosis and CHD. It is widely 
accepted that genetic variants and interactions 
with environmental factors have a great impact 
on serum lipid levels. Numerous studies have 

Figure 3. Nucleotide sequence of the GPAM rs1129555 SNP. A. CC genotype; B. CT genotype; C. TT genotype.

Table 2. Comparison of the genotype and allele frequencies of GPAM 
rs1129555 SNP in the Han and Maonan populations [n (%)]

Group n
Genotype Allele 

CC CT TT C T
Han 780 336 (43.08) 345 (44.23) 99 (12.69) 1017 (65.19) 543 (34.81)
Maonan 720 372 (51.53) 305 (42.36) 43 (5.97) 1049 (72.85) 391 (27.15)
x2 23.836 20.465
P 0.000 0.000
Han
    Male 306 138 (45.10) 125 (40.85) 43 (14.05) 404 (65.52) 211 (34.48)
    Female 474 198 (41.77) 220 (46.41) 56 (11.81) 616 (64.98) 332 (35.02)
    x2 2.513 0.048
    P 0.285 0.826
Maonan
    Male 291 158 (54.30) 115 (39.52) 18 (6.19) 431 (74.05) 151 (25.95)
    Female 429 214 (49.89) 190 (44.29) 25 (5.83) 618 (72.03) 240 (27.97)
    x2 1.525 0.720
    P 0.467 0.396

types (P < 0.05-0.01 
for all; Table 6). 
Blood lipid pheno-
types were also cor-
related with several 
environmental fac-
tors such as age, 
gender, weight, wai- 
st circumference, al- 
cohol consumption, 
and cigarette smok-
ing, and traditional 
cardiovascular risk 
factors such as BMI, 
fasting blood glu-
cose, and blood pre- 
ssure levels in ma- 
les and females of 
both ethnics (P < 
0.05-0.001; Tables 
5 and 6).



GPAM rs1129555 SNP and serum lipid profiles

1490	 Int J Clin Exp Pathol 2018;11(3):1484-1498

indicated that ~40-60% of variation in serum 
lipid profiles was genetically determined [11]. 
The Han nationality is the largest ethnic group 
and widely live in 2/3 regions of China, whereas 
the Maonan nationality is a peculiar mountain-
ous minority in Guangxi. Maonan people mainly 
engage in agriculture and are good at raising 
beef cattle and preparing the bamboo hat. 
Special geographical and folk customs formed 
a cooking culture with distinct characteristics. 
Corn and rice are the main food for them and 
sweet potatoes, pumpkin, and sorghum are an 
important supplement. In addition, the individ-
uals of Maonan nationality are more inclined to 
eat pickles, sauerkraut and spicy and sour 
dishes. Maonan nationality preserves their cus-
tom of ethnic intermarriages, with parents 
arranging marriages being common. They have 
their culture of consanguineous marriage to 
cousins of maternal side, intermarriage with 
Han or Zhuang people seldom occurs. In sum-
mary, owing to their unique diet habits, lifestyle, 
and endogamy customs, we speculate that the 
hereditary characteristics of lipid metabolism-
realted genes in Maonan ethnic group may be 
different from those in Han Chinese.

The genotypic and allelic frequencies of the 
rs1129555 SNP in diverse ethnic groups are 
significantly different, which can be found on 
the International HapMap project data-base. 
The frequencies of C and T alleles were 70.34% 

and 34.81% in European; 74.17% and 31.71% 
in Yoruba; 80% and 20% in Japanese; 68.29% 
and 31.71% in Chinese Han in Beijing. In the 
present study, we showed that the frequencies 
of C and T alleles were 72.85% and 27.15% in 
Maonan, and 65.19% and 34.81% in Han (P < 
0.001), which were in close proximity to those 
of Chinese Han Beijing; the T allele frequency of 
the rs1129555 SNP was lower in Maonan than 
in Han. The distribution of TT and CT genotypes 
was also different in two ethnic groups (P < 
0.001). Gender subgroup analysis showed that 
there were no conspicuous differences in the 
genotypic and allelic frequencies between 
males and females in the Maonan and Han 
populations. These findings suggest that the 
genotype and allele frequencies of the 
rs1129555 SNP in GPAM may exhibit a racial/
ethnic specificity.

Several previous GWASs reported that genetic 
polymorphism in GPAM was significantly asso-
ciated with plasma lipid levels. A study of com-
mon and rare lipid-associated risk loci has 
indentified that the GPAM rs1129555 SNP is 
associated with serum LDL-C concentrations in 
European population [19]. A meta-analysis of 
the mechanisms and genetic determinant regu-
lating human lipid disease showed that the 
minor allele of the rs1129555 SNP was related 
with higher blood LDL-C and TC levels [32]. In 
the current study, we found that the rs1129555 

Table 3. Comparison of the genotype 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
    CC 335 4.85±1.17 1.03 (0.29) 1.76±0.74 2.71±0.75 1.35±0.23 0.85±0.24 1.72±0.77
    CT 345 5.00±1.01 1.10 (0.45) 1.71±0.42 2.87±0.77 1.34±0.24 0.85±0.19 1.65±0.47
    TT 99 5.04±0.98 1.16 (0.61) 1.66±0.39 2.93±0.73 1.31±0.22 0.88±0.20 1.58±0.50
    F 1.376 7.786 1.905 3.274 1.938 1.510 2.908
    P 0.253 0.020 0.150 0.038 0.145 0.221 0.055
Maonan
    CC 372 4.76±1.05 1.16 (0.41) 1.64±0.31 2.75±0.62 1.39±0.19 0.84±0.17 1.70±0.40
    CT 305 5.00±0.96 1.28 (0.54) 1.60±0.39 2.87±0.71 1.37±0.22 0.89±0.19 1.64±0.49
    TT 43 5.01±0.91 1.25 (0.52) 1.56±0.38 2.99±0.62 1.35±0.20 0.88±0.18 1.60±0.39
    F 1.421 3.303 1.191 4.308 1.589 1.043 1.546
    P 0.242 0.192 0.305 0.014 0.205 0.353 0.214
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 between the genotypes was determined by the Kruskal-
Wallis test.
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SNP was significant associated with multiple 
serum lipid parameters in the Maonan and Han 
populaitons. The T allele carriers had higher TG 
in Han and higher LDL-C in both ethnic groups 
than the T allele non-carriers. Gender subgroup 
analyses showed that the T allele carriers had 
higher TG levels in Han males and higher LDL-C 
levels in Maonan males but not in famales in 
both ethnics. These experimental results indi-
cate that the association between the GPAM 
1129555 SNP and serum lipid levels may have 
racial/ethnic and/or sex specificity. GPAM has 
been considered to be the rate-limiting step in 
the pathway of glycerolipid synthesis and to 
regulate fatty acid flux through the pathway, 
which plays a key role in lipid biosynthesis. 
Animal models and in vitro studies showed that 
GPAM is upregulated transcriptionally by sterol 
regulatory element-binding protein-1c (SREBP-

1c) and downregulated acutely by AMP-
activated protein kinase, consistent with a role 
in TG synthesis [33]. Combined with our experi-
mental results, we speculate that the GPAM 
rs1129555 mutation may act in the rate-limit-
ing step of glycerolipid synthesis and bring 
about the cascade of events in dyslipidemia. 
However, the biogical role and function of the 
rs1129555 SNP in lipid metabolism need to be 
further investigation.

The influence extents of genetic and environ-
mental factors on serum lipid levels remain a 
controversial issue, but several environmental 
factors such as low-carbohydrate and high-fat 
dietary patterns, obesity, hypertension, diabe-
tes and unhealthy lifestyle have been associ- 
ated with serum lipid levels [34]. In the present 
study, multivariate linear regression analysis 

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
    CC 138 5.00±1.32 1.03 (0.29) 1.74±0.44 2.79±0.81 1.36±0.26 0.92±0.27 1.58±0.45
    CT 125 5.09±0.95 1.12 (0.56) 1.67±0.45 2.88±0.75 1.35±0.28 0.88±0.20 1.60±0.46
    TT 43 5.16±0.96 1.32 (0.79) 1.59±0.37 2.96±0.68 1.30±0.24 0.91±0.19 1.49±0.45
    F 0.421 8.685 2.756 0.993 1.940 0.859 2.177
    P 0.657 0.013 0.065 0.372 0.145 0.425 0.115
Han/female
    CC 198 4.73±1.05 1.02 (0.34) 1.78±0.92 2.64±0.70 1.34±0.19 0.80±0.20 1.82±0.94
    CT 220 4.94±1.03 1.09 (0.44) 1.73±0.40 2.85±0.79 1.33±0.22 0.83±0.18 1.68±0.47
    TT 56 4.97±0.99 1.11 (0.47) 1.72±0.40 2.90±0.76 1.32±0.21 0.85±0.21 1.65±0.52
    F 1.179 2.054 0.305 2.511 0.350 1.375 1.998
    P 0.308 0.358 0.737 0.082 0.705 0.254 0.137
Maonan/male
    CC 158 4.69±0.90 1.15 (0.28) 1.61±0.31 2.71±0.58 1.34±0.21 0.80±0.16 1.73±0.39
    CT 115 4.98±0.95 1.25 (0.76) 1.53±0.38 2.76±0.68 1.36±0.24 0.89±0.21 1.63±0.61
    TT 18 4.99±0.89 1.38 (0.57) 1.55±0.43 2.99±0.58 1.33±0.19 0.89±0.17 1.56±0.38
    F 0.908 1.917 0.339 5.463 0.448 2.132 1.458
    P 0.405 0.384 0.713 0.005 0.639 0.120 0.234
Maonan/female
    CC 214 4.81±1.16 1.16 (0.49) 1.67±0.31 2.78±0.66 1.42±0.18 0.87±0.18 1.69±0.42
    CT 190 5.01±0.97 1.20 (0.47) 1.64±0.40 2.94±0.71 1.38±0.20 0.88±0.19 1.64±0.40
    TT 25 5.03±0.92 1.26 (0.39) 1.57±0.35 2.98±0.64 1.36±0.20 0.87±0.18 1.63±0.39
    F 0.585 2.818 2.042 1.125 1.356 0.156 0.277
    P 0.557 0.244 0.131 0.326 0.259 0.855 0.758
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 between the genotypes was determined by the Kruskal-
Wallis test.
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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 Waist circumference 0.019 0.005 0.165 3.903 0.000

Diastolic blood pressure 0.008 0.002 0.093 3.438 0.001
Glucose 0.042 0.015 0.072 2.735 0.006

    TG Alocohol consumption 0.164 0.075 0.065 2.185 0.029
Cigarette smoking 0.428 0.101 0.134 4.247 0.000
Distolic blood pressure 0.010 0.003 0.079 3.021 0.003
Waist cirumference 0.041 0.007 0.230 5.637 0.000
Glucose 0.096 0.023 0.106 4.164 0.000

    HDL-C Ethnic group -0.099 0.0262 -0.114 -4.488 0.000
Gender 0.131 0.034 0.148 3.809 0.000
Cigarette smoking 0.075 0.028 0.084 2.635 0.009
Alocohol consumption 0.089 0.021 0.128 4.210 0.000
Waist circumference -0.008 0.002 -0.159 -3.843 0.000

    LDL-C Waist circumference 0.012 0.003 0.150 3.533 0.000
Genotype 0.011 0.004 0.124 3.296 0.001
Distolic blood pressure 0.004 0.002 0.065 2.393 0.017
Glucose 0.022 0.011 0.053 1.980 0.048

    ApoA1 Alcohol consumption 0.076 0.011 0.217 7.077 0.000
Ethnic group 0.036 0.011 0.081 3.161 0.002
Cigarette smoking 0.069 0.014 0.154 4.784 0.000
Gender 0.087 0.018 0.193 4.940 0.000

    ApoB Waist circumference 0.005 0.001 0.229 5.617 0.000
Glucose 0.010 0.003 0.094 3.661 0.000
Age 0.001 0.000 0.107 3.639 0.000
Distolic blood pressure 0.001 0.000 0.061 2.346 0.019

    ApoA1/ApoB Gender 0.182 0.038 0.182 4.769 0.000
Age -0.004 0.001 -0.130 -4.398 0.000
Alcohol consumption 0.097 0.023 0.124 4.141 0.000
Cigarette smoking 0.105 0.031 0.105 3.330 0.001
Height 0.018 0.007 0.287 2.396 0.017
Weight -0.022 0.010 -0.440 -2.157 0.023
Waist circumference -0.010 0.002 -0.185 -4.532 0.000
Glucose -0.015 0.007 -0.052 -2.056 0.040

Han
    TC Waist circumference 0.002 0.008 0.178 2.898 0004

Glucose 0.071 0.019 0.136 3.750 0.000
Distolic blood pressure 0.012 0.003 0.139 3.810 0.000

    TG Age -0.014 0.005 -0.109 -2.726 0.007
Cigarette smoking 0.471 0.152 0.135 3.098 0.002
Waist circumference 0.057 0.013 0.269 4.423 0.000
Glucose 0.105 0.032 0.119 3.327 0.001
Genotype 0.354 0.154 0.103 2.297 0.022

    HDL-C Gender 0.139 0.052 0.145 2.658 0.008
Cigarette smoking 0.113 0.042 0.121 2.708 0.007
Alcohol consumption 0.087 0.032 0.117 2.715 0.007
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showed that serum lip- 
id parameters were cor-
related to age, gender, 
weight, waist circumfer-
ence, BMI, blood pres-
sure, fasting blood glu-
cose levels, alcohol con- 
sumption, and cigarette 
smoking in both ethnic 
groups. These results su- 
ggest that environment- 
al factors and their inter-
actions with a hereditary 
component also play a 
critical role in determin-
ing serum lipid levels in 
our study populations. 
Moreover, the percentag-
es of subjects who con-

    LDL-C Gender -0.214 0.085 -0.138 -2.523 0.012
Glucose 0.041 0.014 0.107 2.895 0.004
Genotype 0.016 0.008 0.118 2.001 0.046

    ApoA1 Gender 0.064 0.025 0.133 2.514 0.012
Age -0.002 0.001 -0.116 -2.903 0.004
Cigarette smoking 0.093 0.020 0.201 4.616 0.000
Alcohol consumption 0.092 0.016 0.246 5.897 0.000
Weight -0.014 0.007 -0.554 -2.074 0.038

    ApoB Gender -0.059 0.022 -0.143 -2.696 0.007
Waist circumference 0.004 0.002 0.168 2.779 0.006
Glucose 0.015 0.004 0.143 4.207 0.000

    ApoA1/ApoB Gender 0.229 0.058 0.209 3.934 0.000
Age -0.006 0.002 -0.143 -3.583 0.000
Cigarette smoking 0.151 0.047 0.141 3.252 0.001
Alcohol consumption 0.091 0.036 0.106 2.525 0.012

Maonan
    TC Age 0.007 0.004 0.108 2.008 0.045

Waist circumference 0.023 0.007 0.203 3.041 0.002
    TG Waist circumference 0.030 0.006 0.299 4.764 0.000
    HDL-C Gender 0.148 0.048 0.174 3.112 0.002

Height 0.019 0.009 0.407 2.159 0.031
Waist circumference -0.006 0.003 -0.146 -2.251 0.025

    LDL-C Waist circumference 0.019 0.005 0.246 3.731 0.000
Genotype 0.020 0.005 0.260 3.970 0.000

    ApoA1 Gender 0.094 0.027 0.202 3.519 0.000
    ApoB Age 0.002 0.001 0.154 3.037 0.003

Waist circumference 0.007 0.001 0.360 5.698 0.000
    ApoA1/ApoB Waist circumference -0.015 0.003 -0.350 -5.546 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.

Table 6. Relationship between serum lipid parameters and relative fac-
tors in the males and females of the Han and Maonan populations

Lipid Risk factor B Std.
error Beta t P

Han/male
    TC Waist circumference 0.027 0.012 0.226 2.216 0.027
    TG Genotype 0.554 0.225 0.142 2.421 0.016

Age -0.027 0.012 -0.163 -2.333 0.020
Cigarette smoking 0.460 0.226 0.120 2.036 0.043
Waist circumference 0.090 0.028 0.322 3.214 0.001
Glucose 0.177 0.083 0.127 2.138 0.033

    HDL-C Cigarette smoking 0.094 0.040 0.137 2.349 0.019
Alcohol consumption 0.086 0.030 0.167 2.856 0.005

    LDL-C Age -0.008 0.004 -0.158 -2.188 0.030
Cigarette smoking -0.189 0.073 -0.158 -2.558 0.010

    ApoA1 Cigarette smoking 0.080 0.024 0.189 3.381 0.001
Alcohol consumption 0.095 0.018 0.296 5.297 0.000
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sumed alcohol and smo- 
ked cigarettes were hi- 
gher in Maonan than in 
Han. Moderate alcohol 
intake has been showed 
to reduce cardiovascular 
events, and the benefi-
cial effects of alcohol on 
CHD have been ascribed 
to the increase in HDL-C 
and ApoA1 levels [35]. 
Long-term alcohol abuse 
can cause liver damage, 
hyper tr ig lyceridemia, 
hypertension and seri-
ous cardiovascular lesi- 
ons. In a previous meta-
analysis, 30 g of alcohol 
daily was associated 
with a plasma TG incr- 
ease of 5.69 mg/dl, wh- 
eres alcohol intake of 60 
g/day increased the TG 
levels by about 0.19 mg/
dL per 1 gram of alcohol 
consumed [36]. The infl- 
uence of alcohol on 
blood lipid metabolism 
seems to be different 
among males and fama-
les. A previous study of 
Turks found that the lev-
els of LDL-C as well as 
ApoB and TG were incr- 
eased in male drinkers, 
while females had decr- 
eased TG and no change 
in LDL-C or ApoB with 
alcohol [37]. Another re- 
search study indicated 
that the effects of alco-
hol consumptionon on 
LDL-C levels appear to 
vary by specific patient 
types or patterns of al- 
cohol intake, and sex as 
well as genetic variants 
[38]. Smoking has been 
strongly implicated as a 
risk factor for dyslipi- 
demia, arteriosclerosis, 
chronic obstructive pul-
monary disease, and lu- 
ng cancer. Cigarettes co- 
ntain a large number of 

Weight -0.021 0.010 -0.748 -2.190 0.029
    ApoB Diastolic blood pressure 0.003 0.001 0.173 2.627 0.009

Glucose 0.018 0.007 0.149 2.475 0.014
    ApoA1/ApoB Cigarette smoking 0.118 0.043 0.157 2.760 0.006

Alcohol consumption 0.098 0.032 0.171 3.018 0.003
Han/female
    TC Glucose 0.078 0.022 0.162 3.563 0.000
    TG Waist circumference 0.029 0.012 0.186 2.359 0.019

Diastolic blood pressure 0.015 0.005 0.138 2.879 0.004
Glucose 0.075 0.025 0.136 2.955 0.003

    HDL-C Waist circumference -0.009 0.003 -0.145 -3.031 0.003
    LDL-C Age 0.010 0.003 0.176 3,231 0.001

Glucose 0.039 0.017 0.108 2.352 0.019
    ApoA1 Age -0.003 0.001 -0.163 -2.939 0.003

Cigarette smoking 0.197 0.061 0.157 3.211 0.011
Body mass index -0.084 0.036 -1.174 -2.330 0.020
Height -0.022 0.010 -0.641 -2.109 0.035

    ApoB Age 0.002 0.001 0.165 3.105 0.002
Cigarette smoking -0.122 0.054 -0.106 -2.273 0.023
Glucose 0.012 0.004 0.135 3.010 0.003

    ApoA1/ApoB Age -0.010 0.002 -0.235 -4.369 0.000
Cigarette smoking 0.555 0.158 0.166 3.504 0.001

Maonan/male
    TC Height -0.125 0.062 -0.917 -2.010 0.045

Weight 0.179 0.083 1.983 2.144 0.033
    TG Alcohol consumption 0.272 0.136 0.117 2.044 0.046

Waist circumference 0.044 0.021 0.216 2.130 0.034
Glucose 0.214 0.073 0.166 2.920 0.004

    HDL-C Waist circumference -0.017 0.004 -0.395 -3.856 0.000
Alcohol consumption 0.115 0.030 0.230 3.896 0.000

    LDL-C Alcohol consumption -0.098 0.049 -0.123 -1.985 0.048
Genotype 0.120 0.029 0.243 4.100 0.000

    ApoA1 Waist circumference -0.005 0.002 -0.231 -2.206 0.028
Alcohol consumption 0.074 0.016 0.286 4.749 0.000

    ApoB Weight 0.037 0.016 1.805 2.083 0.038
Age 0.002 0.001 0.158 2.248 0.025
Glucose 0.019 0.007 0.145 2.620 0.009

    ApoA1/ApoB Waist circumference -0.012 0.005 -0.227 -2.246 0.026
Maonan/female
    TC Age 0.011 0.004 0.162 2.771 0.006

Waist circumference 0.023 0.008 0.186 2.739 0.006
    TG Waist circumference 0.028 0.006 0.316 4.944 0.000
    HDL-C Height 0.022 0.011 0.305 2.033 0.043

Waist circumference -0.006 0.003 -0.139 -2.072 0.039
    LDL-C Age 0.007 0.003 0.154 2.680 0.008

Waist circumference 0.018 0.005 0.226 3.381 0.001
    ApoA1 Waist circumference -0.003 0.002 -0.146 -2.146 0.032
    ApoB Age 0.003 0.001 0.209 3.793 0.000

Waist circumference 0.008 0.001 0.354 5.528 0.000
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oxidants and many adverse effects of smoking 
result from oxidative damage to cirtical biologic 
substances. A related study indicated that oxi-
dation of LDL by cigarette smoking may contrib-
ute a causative link between cigarette smoking 
and atherogenesis [39]. Additionally, according 
to the results of a meta analysis based on 
7,256 subjects, smoking increased TG by 13 
mg/dl (0.15 mmol/L) and decreased HDL-C by 
3.5 mg/dl (0.09 mmol/L) with every 20 ciga-
rettes smoked [40]. It is well accepted that 
dietary patterns are strongly related with serum 
lipid profiles and the prevalence of dyslipid-
emia. The people of Maonan nationality like to 
eat cold foods along with acidic and spicy  
dishes, so acidic meat and pickled vegetables 
are among their most popular dishes, which 
contain abundant sodium salt. This preference 
of high-carbohydrates and salt diet may be 
related to the higher TG, LDL-C levels, and waist 
circumference in Maonan than in Han popu- 
lations. Numerous studies have indentified  
that dietary intake of saturated and trans-fat 
raises blood cholesterol concentrations and 
CVD risk [41, 42]. Diet and relative weight could 
account for up to 6% of the variability in serum 
cholesterol levels and every 1% decrease in 
energy consumed as dietary saturated fatty 
acid, TC decreased by 0.056 mmol/L and LDL-C 
by 0.05 mmol/L [43]. To summarize, the mutual 
effects of different eating habits, lifestyles, and 
environmental factors probably further modify 
the association of genetic variations and serum 
lipid levels in our study populations.

Limitations

There are several potential limitations in our 
study. First, the sample size is relatively sm- 
all compared to many GWASs and replication 
studies, further studies with larger sample 
sizes are needed to confirm our results.  
Second, we were not able to alleviate the  
effect of diet and several environmental facto- 

tors. Thus, further studies on biological func-
tions of the rs1129555 variation and interac-
tions of gene-environment are necessary. 

Conclusions

In conclusion, the genotype and allele frequ- 
encies of the rs1129555 SNP were significant-
ly different between the Han and Maonan  
populations. The minor T allele carriers have 
more unfavorable serum lipid profiles than the 
T allele non-carriers in both ethnic groups. 
These findings suggest that the association 
between the GPAM rs1129555 variant and 
serum lipid levels might have racial/ethnic- 
and/or sex- specificity.
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