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Abstract: The objective of the present study was to detect the association of the Trp316Ser variant (rs1801690) 
near the apolipoprotein H (β2-glycoprotein-I) gene and serum lipid levels in the Mulao and Han populations. A total 
of 879 subjects of Mulao and 844 subjects of Han Chinese were included. The levels of serum total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL-C) and ApoA1 in Mulao, and triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), ApoA1 and the ratio of ApoA1/ApoB in Han were different among the three genotypes of the 
rs1801690 SNP (P < 0.05-0.01). Subgroup analyses showed that the levels of TC, TG, LDL-C, and ApoA1 in Mulao 
males; ApoA1 in Mulao females; TC, TG, HDL-C and ApoB and the ApoA1/ApoB ratio in Han males; and HDL-C, ApoA1 
and the ApoA1/ApoB ratio in Han females were associated with the genotypes of rs1801690 (P < 0.05-0.001). 
Serum lipid parameters were also associated with several environmental factors (P < 0.05-0.001). The Trp316Ser 
variant (rs1801690) near the apolipoprotein H (β2-glycoprotein-I) gene was associated with some serum lipid pa-
rameters in the two ethnic groups, but the trends of association suggest that the Trp316Ser variant (rs1801690) 
near the apolipoprotein H (β2-glycoprotein-I) gene might have racial/ethnic-and/or gender-specificity.
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Introduction

A number of case-control as well as prospec-
tive studies revealed an increased risk of car-
diovascular disease (CVD) in patients with dys-
lipidemia [1]. Heritability studies based on 
twins suggested that approximately one third to 
one half of the variation in the serum lipid lev-
els peak particle size can be attributed to 
genetic influences [2, 3]. Therefore, the under-
standing of the association of single nucleotide 
polymorphisms (SNP) and serum lipid levels 
has become crucial in the pursuit of reducing 
CVD [4].

Human apolipoprotein H (ApoH), also known as 
β2-glycoprotein I (β2GPI) (in this study, we will 
use ApoH to refer to the gene as used in human 
genome databases and β2GPI to refer to the 

protein as commonly used in the rheumatology 
literature) is a major autoantigen recognized by 
predominant antiphopholipid antibodies (APA) 
found in sera of many autoimmune diseases 
such as primary antiphospholipid syndrome 
(PAPS), systemic lupus erythematosus (SLE) [5, 
6], plasma lipid levels [7, 8], Cerebrovascular 
disease [9]. ApoH spans 18 kilobases (kb) on 
chromosome 17q23-24 [10] and encodes for a 
mature protein of 326 amino acid (aa) residues. 
The β2GPI is a 50-kDa single chain plasma gly-
coprotein exhibiting internal homology com-
prised of four contiguous homologous regions 
of about 60 aa residues, and an additional vari-
able fifth C-terminal domain. The variable con-
figuration of the fifth domain is essential for the 
binding of β2GPI to anionic phospholipids [11-
13]. Primer extensions determined alternate 
transcription start sites (TSSs) at 31 base pairs 
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(bp) and 21 bp upstream of the ApoH transla-
tion start codon [10]. TSS 31 bp upstream 
agreed completely with the consensus for an 
initiator element (Inr) known to sustain tran-
scription initiation. Previously [14], an atypical 
TATA box and HNF-1α cis-elements have been 
identified to be critical for ApoH cell type-specif-
ic transcriptional regulation leading to differen-
tial expression of ApoH in humans.

The β2GPI is primarily expressed in the liver 
and sporadically in intestinal cell lines and tis-
sues [15]. The plasma concentration of β2GPI 
is approximately 20 mg/dL of which a small 
portion is bound to lipoproteins and the rest 
exists in lipid free form [16-18]. There is a wide 
range of interindividual variation in β2GPI plas-
ma levels, ranging from immunologically unde-
tectable to as high as 35 mg/dL with a mean 
value of 20 mg/dL in Caucasians and 15 mg/
dL in African Americans [19], which may have 
clinical relevance in β2GPI-related pathways. 
Family and heritability data have provided 
strong support for the genetic basis of β2GPI 
plasma variation but the exact molecular basis 
of this variation remains largely unknown. The 
β2GPI is suggested to regulate thrombin inacti-
vation by heparin cofactor II [20] and thus varia-
tion in plasma β2GPI may affect prothrombic 
tendency in PAPs patients. Thus, it is important 
to determine the molecular basis of β2GPI plas-
ma variation. Previously we have characterized 
complete DNA sequence variation in ApoH and 
identified~150 SNPs, including 13 SNPs and 1 
deletion (-742delT) in the 5’-region [21]. 
Kamboh MI et al. reported that of the 21 
QC-passed SNPs present in or near ApoH, six 
revealed nominal associations with anti-β2GPI, 
and the Trp316Ser variant (rs1801690) was 
the most significant SNP (P = 3.12E-03) [22].

It has been implicated in the development of 
atherosclerosis this glycoprotein can reduce 
cellular accumulation of cholesterol by decreas-
ing cholesterol influx and increasing cholesterol 
efflux [23]. It activates lipoprotein lipase [24], 
and genetic variations in this gene have been 
associated with variation in high-density lipo-
protein cholesterol (HDL-C) and triglyceride (TG) 
levels [25-27]. ApoH is a novel apolipoprotein 
mainly associated with low and very low-densi-
ty lipoprotein (VLDL). Genome-wide association 
studies (GWASs) have identified many SNPs 
underlying variations in plasma lipid levels. We 
explore whether additional loci associated with 

plasma lipid phenotypes, such as HDL-C, low-
density lipoprotein cholesterol (LDL-C), total 
cholesterol (TC), and TG, can be identified by a 
dense gene-centric approach. A previous study 
identified several lipid-related SNPs in previ-
ously unreported genes including ApoH for 
LDL-C [28]. However, little is known about the 
exact association of the Trp316Ser variant 
(rs1801690) near the apolipoprotein H (β2- 
glycoprotein-I) gene with serum lipid levels.

Among a total of 56 ethnic groups in China, Han 
is the largest one. Mulao, on the other hand, is 
one of the minorities with a population of 
207,352 according to the China’s fifth national 
census in 2000. They live in the Luocheng 
Mulao Autonomous County, Guangxi Zhuang 
Autonomous Region. They call themselves 
“Ling” and a smaller group call themselves “Jin” 
or “Bendiren”. Historical data trace the history 
of this ethnic minority back to the Jin Dynasty 
(AD 265-420). It is believed that the Mulao peo-
ple are the descendants of the ancient “Baiyue 
tribe” in southern China and ethnically related 
to the neighboring ethnic groups. In a previous 
study, Xu et al. [29] showed that the genetic 
relationship between Mulao nationality and 
other minorities in Guangxi was much closer 
than that between Mulao and Han or Uighur 
nationalities. To our knowledge, no prior study 
has evaluated the association of the Trp316Ser 
variant (rs1801690) near the apolipoprotein H 
(β2-glycoprotein-I) gene and serum lipid levels 
between the Mulao and Han populations. This 
study was undertaken to assess the associa-
tion of the Trp316Ser variant (rs1801690) near 
the apolipoprotein H (β2-glycoprotein-I) gene 
and several environmental factors with serum 
lipid profiles in the Mulao and Han popula- 
tions.

Materials and methods

Subjects

The study populations including 879 unrelated 
participants (434 males, 49.37% and 445 
females, 50.63%) of Mulao and 844 unrelated 
subjects (417 males, 49.41% and 427 females, 
50.59%) of Han were randomly selected from 
our previous stratified randomized samples 
[30, 31]. All participants were agricultural work-
ers from Luocheng Mulao Autonomous County, 
Guangxi Zhuang Autonomous region, People’s 
Republic of China. The age of the participants 
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ranged from 15 to 80 years with the mean age 
of 52.59 ± 14.74 years in Mulao and 52.43 ± 
14.01 years in Han; respectively. The age distri-
bution and gender ratio were matched between 
the two groups. All participants were essential-
ly healthy with no history of CVD such as coro-
nary artery disease and stroke, diabetes, hyper- 
or hypo-thyroids, and chronic renal disease. 
They were free from medications known to 
affect serum lipid levels. Informed consent was 
taken from all participants. The study design 
was approved by the Ethics Committee of the 
First Affiliated Hospital, Guangxi Medical Uni- 
versity.

Epidemiological survey

The epidemiological survey was carried out 
using internationally standardized methods, 
following a common protocol [30, 31]. Infor- 
mation on demographics, socioeconomic sta-
tus, and lifestyle factors was collected with 
standardized questionnaires. Alcohol consump-
tion was categorized into groups of grams of 
alcohol per day: < 25 and ≥ 25. Smoking status 
was categorized into groups of cigarettes per 
day: < 20 and ≥ 20. Several parameters such 
as blood pressure, height, weight, waist circum-
ference, and body mass index (BMI) were mea-
sured. The methods of measuring above 
parameters were referred to previous studies 
[32-35].

Biochemical measurements

A fasting venous blood sample of 5 ml was 
drawn from the participants. The levels of TC, 
TG, HDL-C and LDL-C in the samples were deter-
mined by enzymatic methods with commercial-
ly available kits. Serum ApoA1 and ApoB levels 
were assessed by the immuneturbidimetric 
immunoassay [36, 37].

Genotyping

Genomic DNA was isolated from peripheral 
blood leukocytes using the phenol-chloroform 
method [32-35]. The Trp316Ser variant 
(rs1801690) near the apolipoprotein H (β2- 
Glycoprotein-I) gene was genotyped by poly-
merase chain reaction and restriction fragment 
length polymorphism (PCR-RFLP). PCR amplifi-
cation was performed using 5’-CAAAGAAATCT- 
CTATCTCAC-3’ as the forward and 5’-ACCAGCC- 
TGGCCAACATGGT-3’ as reversed primer pair. 

Each amplification reaction was performed in a 
total volume of 25 μl, 12.5 μl of 2 × Taq PCR 
MasterMix (constituent: 0.1 U Taq polymerase/
μl, 500 μM dNTP each and PCR buffer) and 
nuclease-free water 8.5 μl, 20 pmol/L of each 
primer and 100 ng of genomic DNA, processing 
started with 5 min of pre-denaturing at 95°C 
and followed by 45 s of denaturing at 94°C, 30 
s of annealing at 60°C and 1 min of elongation 
at 72°C for 35 cycles. The amplification was 
completed by a final extension at 72°C for 10 
min. Then each restriction enzyme reaction 
was performed with 10 μl of amplified DNA, 8 μl 
of nuclease-free water, 1 μl of 10 × buffer solu-
tions, and 10 U of ‘Mob II’ enzyme in a total 
volume of 20 μl digested at 37°C overnight. 
After restriction enzyme digestion of the ampli-
fied DNA, the digestive products were separat-
ed by electrophoresis on 2% agarose gel. The 
length of each digested DNA fragment was 
determined by comparing migration of a  
sample with that of standard DNA marker. 
Genotypes were scored by an experienced 
reader blinded to the epidemiological and lipid 
results. Six samples (each genotype in two; 
respectively) detected by the PCR-RFLP were 
also confirmed by direct sequencing. The PCR 
products were purified by low melting point gel 
electrophoresis and phenol extraction, and 
then the DNA sequences were analyzed using 
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 and ApoB levels, and the ratio of 
ApoA1 to ApoB 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 [38, 39].

Statistical analysis

The statistical analyses were performed with 
the statistical software package SPSS 17.0 
(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 Hardy-Weinberg equilibrium was veri-
fied with the standard goodness-of-fit test. The 
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genotype distribution between the groups was 
analyzed by the chi-square test. General char-
acteristics between two ethnic groups were 
compared by the Student’s unpaired t-test. The 
association between genotypes and serum 
lipid parameters was tested by analysis of 
covariance (ANCOVA). Age, sex, BMI, cigarette 
smoking, and alcohol consumption were adjust-
ed for the statistical analysis. Multivariable lin-
ear regression analyses with stepwise model-
ing were used to determine the correlation 
between genotypes (GG = 1, GC = 2, CC = 3) or 
alleles (the C allele non-carrier = 1, the C allele 
carrier = 2) and several environmental factors 
with serum lipid levels in males and females of 
Mulao and Han populations. Two sided P value 
< 0.05 was considered statistically significant.

Results

General and biochemical characteristics of the 
subjects

The general characteristics and serum lipid lev-
els between the Mulao and Han populations 
are summarized in Table 1. The levels of body 
weight, BMI, waist circumference, systolic 
blood pressure, diastolic blood pressure, pulse 
pressure and blood glucose were lower in 
Mulao than in Han (P < 0.05-0.001), whereas 
the percentage of alcohol consumption and the 
levels of ApoB was higher in Mulao than in Han 
(P < 0.05-0.001). There were no significant dif-
ferences in the gender ratio, age structure, 
body height, the percentage of cigarette smok-
ing, serum TC, TG, HDL-C, LDL-C and ApoA1 lev-

Table 1. Comparison of demographic, lifestyle characteristics and serum lipid levels between the 
Mulao and Han populations
Parameter Mulao Han t (X2) P
Number 879 844
Male/female 434/445 417/427 0.000 0.989
Age (years) 52.59 ± 14.74 52.43 ± 14.01 0.223 0.824
Height (cm) 155.09 ± 7.93 155.19 ± 7.91 -0.252 0.801
Weight (kg) 52.67 ± 9.47 54.29 ± 9.27 -3.582 0.000
Body mass index (kg/m2) 21.83 ± 3.13 22.51 ± 3.33 -4.345 0.000
waist circumference (cm) 75.21 ± 8.56 75.84 ± 8.03 -1.582 0.114
Cigarette smoking (n %)
    Nonsmoker 675 (76.8) 574 (68.0)
    < 20 cigarettes/day 74 (8.4) 102 (12.1) 16.763 0.000
    ≥ 20 cigarettes/day 130 (14.8) 168 (19.9)
Alcohol consumption [n (%)]
    Nondrinker 679 (77.2) 631 (74.8)
    < 25 g/day 86 (9.8) 61 (7.2) 10.733 0.005
    ≥ 25 g/day 114 (13.0) 152 (18.0)
Systolic blood pressure (mmHg) 129.62 ± 21.95 130.61 ± 18.37 -1.011 0.312
Diastolic blood pressure (mmHg) 81.03 ± 11.56 82.71 ± 10.68 -3.146 0.002
Pulse pressure (mmHg) 48.60 ± 16.95 47.89 ± 14.18 0.937 0.349
Glucose (mmol/L) 6.04 ± 1.69 6.23 ± 1.98 -2.112 0.035
Total cholesterol (mmol/L) 5.02 ± 1.28 5.15 ± 1.23 -2.016 0.044
Triglyceride (mmol/L) 1.04 (0.76) 1.12 (0.82) -3.712 0.000
HDL-C (mmol/L) 1.78 ± 0.50 1.72 ± 0.53 2.236 0.025
LDL-C (mmol/L) 2.92 ± 0.92 2.89 ± 0.92 0.589 0.556
Apolipoprotein (Apo)A1 (g/L) 1.30 ± 0.45 1.36 ± 0.27 -3.174 0.002
ApoB (g/L) 1.02 ± 0.63 0.88 ± 0.22 6.326 0.000
ApoA1/ApoB 1.59 ± 1.17 1.63 ± 0.52 -1.040 0.298
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. 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.
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els and the ApoA1/ApoB ratio between the two 
ethnic groups (P > 0.05 for all).

Results of genotyping

After the genomic DNA of the samples was 
amplified by PCR, the purpose gene of 496-bp 
nucleotide sequences could be seen in all sam-
ples. The genotypes identified were labeled 
according to the presence or absence of the 
enzyme restriction sites. Thus, GG genotype is 
homozygote for the absence of the site (496-
bp), GC genotype is heterozygote for the pres-
ence and absence of the site (496-, 288- and 
208-bp) and CC genotype is homozygote for the 
presence of the site (288- and 208-bp). The 
GG, GC and CC genotypes detected by PCR-
RFLP were also confirmed by direct sequen- 
cing. 

Genotypic and allelic frequencies

As shown in Table 2, there was no significant 
difference in the genotypic and allelic frequen-
cies of the Trp316Ser variant (rs1801690) near 
the apolipoprotein H (β2-Glycoprotein-I) gene 
between the Mulao and Han populations (P > 
0.05 for each). The genotype frequencies of the 
Trp316Ser variant (rs1801690) near the apoli-
poprotein H (β2-Glycoprotein-I) gene agreed 
with the Hardy-Weinberg equilibrium in both 
populations (P > 0.05 for each). Gender-
subgroup analysis showed that the genotype 

and allele frequencies 
were different between 
Mulao males and females 
(GG, 66.4% vs. 58.0%; GC, 
22.1% vs. 27.4%, CC, 
11.5% vs. 14.6%, P =  
0.037; G, 77.4% vs. 71.7%; 
C, 22.6% vs. 28.3%, P =  
0.006). There was no sig-
nificant difference in the 
genotypic frequencies of 
the Trp316Ser variant 
(rs1801690) near the apo-
lipoprotein H (β2-Glycopro- 
tein-I) gene between the 
Han males and females (P 
> 0.005). The allele fre-
quencies were significantly 
different between Han 
males and females (G, 
79.4% vs. 74.6%; C, 20.4% 
vs. 25.4%, P = 0.020).

Genotypes and serum 

Table 2. Comparison of the genotype and allele frequencies of 
the Trp316Ser variant (rs1801690) near the apolipoprotein H (β2-
Glycoprotein-I) gene between males and females of the Mulao and Han 
populations

Group n
Genotype Allele

GG GC CC G C
Mulao 879 546 (62.1) 218 (24.8) 115 (13.1) 1310 (74.5) 448 (25.5)
Han 844 553 (65.5) 193 (22.9) 98 (11.6)  1299 (77.0) 389 (23.0)
X2 – 2.212 2.784
P – 0.331 0.095
Mulao
    Male 434 288 (66.4) 96 (22.1) 50 (11.5) 672 (77.4) 196 (22.6)
    Female 445 258 (58.0) 122 (27.4) 65 (14.6) 638 (71.7) 252 (28.3)
    X2 – 6.569 7.608
    P – 0.037 0.006
Han
    Male 417 283 (67.9) 96 (23.0) 38 (9.1) 662 (79.4) 172 (20.4)
    Female 427 270 (63.2) 97 (22.7) 60 (14.1) 637 (74.6) 217 (25.4)
    X2 – 5.132 5.451
    P – 0.077 0.020

lipid levels

Tables 3 and 4 describe the association 
between genotypes and serum lipid levels. The 
levels of TC, LDL-C and ApoA1 in Mulao, and TG, 
HDL-C, ApoA1 and the ratio of ApoA1 to ApoB in 
Han were different among the genotypes (P < 
0.05-0.01). Gender-subgroup analysis showed 
that the levels of TC, TG, LDL-C, and ApoA1 in 
Mulao males, ApoA1 in Mulao females; TC, TG, 
HDL-C and ApoB and the ratio of ApoA1 to ApoB 
in Han males, and HDL-C, ApoA1 and the ratio 
of ApoA1 to ApoB in Han females were associ-
ated with the genotypes (P < 0.05-0.001).

Relative factors for serum lipid parameters

Several environmental factors such as age, 
gender, height, weight, waist circumference, 
alcohol consumption and cigarette smoking, 
and traditional cardiovascular risk factors such 
as BMI, fasting blood glucose and blood pres-
sure levels were also correlated with serum 
lipid parameters in the Mulao and Han popula-
tions and in males and females of both ethnic 
groups (P < 0.05-0.001, Tables 5 and 6). 

Discussion

It is a truth universally acknowledged that 
serum lipid levels are highly genetically deter-
mined. Family studies state that genetic factors 
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are the major determinants of the familial 
resemblance in plasma lipids and lipoprotein.

Mulao people have been abided with their spe-
cial customs especially in case of marriage. 
Their marriages were family-arranged since 
childhood. However, divorce and remarriage 

were also allowed. Although the marriage was 
arranged at childhood, it was celebrated only 
when the girl reached puberty. Traditionally, 
until before a Mulao girl delivered her first child, 
she stayed with her parents and was unrestrict-
ed to join the young people social activities 
such as responsive singing, flirtations, and 

Table 3. Comparison of the genotypes and serum lipid levels in the Mulao and Han populations
Ethnic/Genotype N TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) Apo A1 (g/L) ApoB (g//L) ApoA1/ApoB
Mulao

    GG 546 5.08 ± 1.21 1.10 (0.81) 1.74 ± 0.43 2.98 ± 0.90 1.21 ± 0.48 1.35 ± 0.39 1.65 ± 1.30

    GC 218 4.96 ± 1.16 0.97 (0.73) 1.84 ± 0.56 2.89 ± 0.87 1.24 ± 0.58 1.21 ± 0.48 1.43 ± 0.86

    CC 115 4.87 ± 1.71 0.97 (0.63) 1.84 ± 0.64 2.71 ± 1.09 1.35 ± 0.39 1.24 ± 0.58 1.55 ± 0.97

    F 4.337 3.013 1.916 7.415 9.832 1.081 2.498

    P 0.013 0.050 0.148 0.001 0.000 0.340 0.083

Han

    GG 553 5.22 ± 1.37 1.14 (0.86) 1.68 ± 0.43 2.92 ± 1.00 1.34 ± 0.27 0.89 ± 0.23 1.60 ± 0.49

    GC 193 5.02 ± 0.87 1.14 (0.78) 1.72 ± 0.41 2.90 ± 0.75 1.36 ± 0.27 0.88 ± 0.19 1.63 ± 0.51

    CC 98 4.95 ± 0.92 0.98 (0.70) 1.97 ± 0.98 2.74 ± 0.71 1.41 ± 0.27 0.82 ± 0.21 1.83 ± 0.60

    F 2.479 4.038 11.435 0.462 3.652 1.263 5.272

    P 0.084 0.018 0.000 0.630 0.026 0.283 0.005
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.

Table 4. Comparison of the Trp316Ser variant (rs1801690) genotypes near the apolipoprotein H (β2-
Glycoprotein-I) gene and serum levels in the males and females of the Mulao and Han populations
Genotype n TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) ApoA1 (g/L) ApoB (g/L) ApoA/ApoB
Mulao/Male

    GG 288 5.11 ± 1.24 1.14 (0.83) 1.73 ± 0.44 2.92 ± 0.86 1.18 ± 0.47 1.04 ± 0.65 1.60 ± 1.24

    GC 96 4.98 ± 1.76 1.05 (0.67) 1.77 ± 0.65 2.80 ± 0.88 1.35 ± 0.42 1.10 ± 0.76 1.37 ± 0.80

    CC 50 4.83 ± 1.24 0.97 (0.68) 1.82 ± 0.69 2.56 ± 1.09 1.39 ± 0.55 0.99 ± 0.63 1.71 ± 0.93

    F 3.079 4.297 0.140 4.171 4.881 0.623 1.679

    P 0.047 0.014 0.869 0.016 0.028 0.537 0.188

Mulao/Female

    GG 258 5.05 ± 1.19 1.02 (0.79) 1.76 ± 0.40 3.04 ± 0.93 1.34 ± 0.36 0.96 ± 0.51 1.71 ± 1.36

    GC 122 5.07 ± 1.09 0.97 (0.76) 1.90 ± 0.46 2.96 ± 0.86 1.23 ± 0.50 1.05 ± 0.67 1.48 ± 0.91

    CC 65 4.78 ± 1.67 0.88 (0.61) 1.85 ± 0.61 2.84 ± 1.08 1.13 ± 0.57 1.05 ± 0.71 1.42 ± 0.99

    F 2.614 1.833 3.002 2.987 6.627 1.158 1.832

    P 0.074 0.161 0.051 0.051 0.001 0.315 0.161

Han/Male

    GG 283 5.46 ± 1.42 1.32 (0.94) 1.64 ± 0.42 2.96 ± 1.05 1.38 ± 0.29 0.95 ± 0.23 1.53 ± 0.48

    GC 96 5.08 ± 0.82 1.20 (0.78) 1.73 ± 0.42 2.90 ± 0.69 1.40 ± 0.29 0.90 ± 0.18 1.61 ± 0.52

    CC 38 5.09 ± 0.76 1.02 (0.79) 1.80 ± 0.50 2.85 ± 0.62 1.43 ± 0.28 0.87 ± 0.20 1.75 ± 0.60

    F 5.485 4.669 3.061 0.541 0.490 4.130 3.211

    P 0.004 0.010 0.048 0.582 0.613 0.017 0.041

Han/Female

    GG 270 4.97 ± 1.27 1.05 (0.71) 1.71 ± 0.40 2.88 ± 0.95 1.31 ± 0.26 0.83 ± 0.21 1.88 ± 0.61

    GC 97 4.96 ± 0.91 0.98 (0.78) 1.73 ± 0.44 2.91 ± 0.82 1.33 ± 0.23 0.86 ± 0.19 1.67 ± 0.49

    CC 60 4.87 ± 1.00 0.87 (0.64) 2.07 ± 1.19 2.67 ± 0.76 1.41 ± 0.26 0.80 ± 0.21 1.64 ± 0.51

    F 0.199 0.228 9.489 0.409 5.082 1.164 3.087

    P 0.819 0.796 0.000 0.665 0.007 0.313 0.047
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipopro-
tein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein B. The values of triglyceride were presented as median (interquartile range), and the difference 
among 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 Mulao and Han 
populations
Lipid parameter Relative factor B Std. error Beta t P
Mulao and Han
    TC Genotype -0.126 0.042 -0.071 -3.016 0.003

Age 0.011 0.003 0.128 4.101 0.000
Cigarette smoking 0.111 0.047 0.068 2.338 0.019
Waist circumference 0.016 0.006 0.108 2.759 0.006
Diastolic blood pressure 0.007 0.003 0.064 2.575 0.010
Glucose 0.046 0.017 0.068 2.800 0.005

    TG Ethnic group 0.484 0.137 0.083 3.533 0.000
Cigarette smoking 0.436 0.109 0.115 3.983 0.000
Body mass index -0.280 0.135 -0.312 -2.069 0.039
Waist circumference 0.065 0.014 0.187 4.773 0.000
Diastolic blood pressure 0.013 0.006 0.050 2.037 0.042
Pulse pressure 0.011 0.005 0.059 2.304 0.021
Glucose 0.150 0.038 0.094 3.899 0.000

    HDL-C Genotype 0.077 0.017 0.107 4.759 0.000
Gender 0.095 0.036 0.093 2.676 0.008
Age 0.003 0.001 0.083 2.696 0.007
Alcohol consumption 0.089 0.019 0.129 4.627 0.000
Height 0.020 0.008 0.314 2.636 0.008
Weight -0.031 0.010 -0.576 -3.016 0.003
Body mass index 0.050 0.024 0.318 2.112 0.035
Waist circumference -0.006 0.002 -0.091 -2.333 0.020

    LDL-C Genotype -0.102 0.031 -0.078 -3.294 0.001
Age 0.008 0.002 0.123 3.917 0.000
Cigarette smoking -0.093 0.035 -0.078 -2.657 0.008

    ApoA1 Ethnic group 0.051 0.018 0.068 2.857 0.004
Alcohol consumption 0.095 0.014 0.188 6.646 0.000
Pulse pressure 0.003 0.001 0.113 4.342 0.000

    ApoB Ethnic group -0.152 0.023 -0.157 -6.695 0.000
Waist circumference 0.010 0.002 0.173 4.438 0.000
Pulse pressure 0.004 0.001 0.119 4.616 0.000
Glucose 0.019 0.006 0.073 3.000 0.003

    ApoA1/ApoB Age -0.005 0.002 -0.074 -2.328 0.020
Alcohol consumption 0.079 0.035 0.064 2.254 0.024
Waist circumference -0.013 0.004 -0.115 -2.884 0.004

Mulao
    TC Genotype -0.177 0.060 -0.099 -2.944 0.003

Age 0.010 0.003 0.127 2.978 0.003
Cigarette smoking 0.141 0.070 0.080 2.015 0.044

    TG Waist circumference 0.052 0.014 0.204 3.794 0.000
    HDL-C Age 0003 0.001 0.086 2.000 0.046

Alcohol consumption 0.098 0.027 0.139 3.603 0.000
    LDL-C Genotype -0.164 0.043 -0.128 -3.800 0.000

Age 0.008 0.003 0.135 3.108 0.002
Alcohol consumption -0.106 0.051 -0.080 -2.052 0.040

    ApoA1 Genotype -0.079 0.021 -0.126 -3.773 0.000
Alcohol consumption 0.138 0.025 0.216 5.578 0.000
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courtships at festival times. The age of the wife 
was usually four or five years older than that of 

the husband. Engagement and marriage were 
socially accepted with bride-wealth payment. 

Waist circumference -0.008 0.003 -0.159 -2.994 0.003
Pulse pressure 0.004 0.001 0.138 3.770 0.000

    ApoB Waist circumference -0.011 0.004 0.154 2.860 0.004
Diastolic blood pressure -0.004 0.002 -0.072 -2.056 0.040
Pulse pressure 0.006 0.001 -.149 4.038 0.000

    ApoA1/ApoB Waist circumference 0.004 0.004 0.037 1.047 0.295
Han
    TC Genotype -0.177 0.060 -0.099 -2.944 0.003

Age 0.013 0.004 0.152 3.481 0.001
Cigarette smoking 0.141 0.070 0.080 2.015 0.044

    TG Genotype -0.446 0.167 -0.089 -2.664 0.008
Cigarette smoking 0.748 0.184 0.173 4.072 0.000
Alcohol consumption -0.447 0.182 0.100 -2.459 0.014
Waist circumference 0.079 0.026 0.181 3.070 0.002
Diastolic blood pressure 0.025 0.012 0.077 2.185 0.029
Glucose 0.274 0.061 0.156 4.493 0.000

    HDL-C Genotype 0.111 0.026 0.146 4.328 0.000
Gender 0.129 0.059 0.122 2.175 0.030
Age 0.004 0.002 0.104 2.248 0.025
Alcohol consumption 0.080 0.028 0.118 2.882 0.004
Height 0.028 0.011 0.417 2.609 0.009
Weight -0.041 0.014 -0.721 2.993 0.003
Body mass index 0.074 0.030 0.466 2.488 0.013

    LDL-C Gender -0.237 0.103 -0.129 -2.287 0.022
Age 0.008 0.003 0.120 2.575 0.010
Cigarette smoking -0.241 0.049 -0.211 -4.895 0.000
Glucose 0.035 0.016 0.076 2.165 0.031

    ApoA1 Genotype 0.034 0.013 0.087 2.618 0.009
Cigarette smoking 0.049 0.014 0.144 3.406 0.001
Alcohol consumption 0.067 0.014 0.193 4.762 0.000
Height 0.016 0.005 0.478 3.033 0.003
Weight -0.026 0.007 -0.875 -3.684 0.000
Body mass index 0.035 0.015 0.430 2.324 0.020
Waist circumference 0.004 0.002 0.131 2.223 0.027
Pulse pressure 0.002 0.001 0.084 2.256 0.024

    ApoB Gender -0.068 0.023 -0.154 -2.928 0.004
Waist circumference 0.007 0.002 0.252 4.503 0.000
Diastolic blood pressure 0.003 0.001 0.123 3.689 0.000
Glucose 0.018 0.004 0.163 4.979 0.000

    ApoA1/ApoB Genotype 0.073 0.024 0.098 3.045 0.002
Gender 0.226 0.055 0.219 4.082 0.000
Cigarette smoking 0.089 0.026 0.139 3.388 0.001
Alcohol consumption 0.057 0.026 0.086 2.190 0.029
Height 0.028 0.010 0.427 2.788 0.005
Weight -0.036 0.013 -0.638 -2.766 0.006
Diastolic blood pressure -0.004 0.002 -0.074 -2.169 0.030

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.
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Table 6. Relationship between serum lipid parameters and relative factors in the males and females 
of the Mulao and Han populations
Lipid parameter Relative factor B Std. error Beta t P
Mulao/male
    TC Genotype -0.183 0.093 -0.096 -1.975 0.049

Age 0.014 0.005 0.165 2.830 0.005
    TG Waist circumference 0.051 0.023 0.179 2.275 0.023
    HDL-C Age 0.004 0.002 0.124 2.184 0.029

Alcohol consumption 0.109 0.030 0.176 3.599 0.000
    LDL-C Genotype -0.182 0.064 -0.141 -2.858 0.004

Age 0.009 0.004 0.148 2.525 0.012
    ApoA1 Alcohol consumption 0.136 0.026 0.254 5.201 0.000
    ApoB Pulse pressure 0.007 0.002 0.162 3.017 0.003
ApoA1/ApoB Waist circumference -0.015 0.006 -0.119 -2.484 0.013
Mulao/female
    TC Genotype -0.157 0.080 -0.093 -1.975 0.049

Age 0.018 0.004 0.212 4.515 0.000
Body mass index 0.044 0.018 0.113 2.447 0.015

    TG Alcohol consumption 1.976 0.455 0.200 4.348 0.000
Waist circumference 0.035 0.010 0.157 3.408 0.001

    HDL-C Genotype 0.062 0.029 0.099 2.158 0.032
Weight -0.013 0.003 -0.245 -5.343 0.000

    LDL-C Genotype -0.139 0.059 -0.109 -2.359 0.019
Age 0.011 0.003 0.163 3.229 0.001
Body mass index 0.054 0.013 0.187 4.103 0.000
Pulse pressure 0.006 0.003 0.104 2.072 0.039

    ApoA1 Genotype -0.115 0.028 -0.191 -4.155 0.000
Waist circumference -0.009 0.003 -0.163 -3.529 0.000
Pulse pressure 0.004 0.001 0.151 3.239 0.001

    ApoB Waist circumference 0.014 0.003 0.191 4.144 0.000
Cigarette smoking 0.624 0.255 0.112 2.453 0.015
Pulse pressure 0.006 0.002 0.167 3.618 0.000

ApoA1/ApoB Age -0.011 0.004 -0.126 -2.721 0.007
Waist circumference -0.029 0.007 -0.186 -4.015 0.000

Han/male
    TC Genotype -0.225 0.089 -0.116 -2.528 0.012

Diastolic blood pressure 0.029 0.005 0.251 5.404 0.000
Glucose 0.101 0.032 0.147 3.192 0.002

    TG Genotype -0.752 0.300 -0.114 -2.507 0.013
Cigarette smoking 0.823 0.227 0.169 3.630 0.000
Alcohol consumption -0.575 0.226 -0.123 -2.550 0.011
Waist circumference 0.108 0.025 0.204 4.303 0.000
Glucose 0.428 0.110 0.183 3.874 0.000

    HDL-C Genotype 0.076 0.030 0.114 2.501 0.013
Alcohol consumption 0.082 0.023 0.173 3.628 0.000
Weight -0.017 0.002 -0.352 -7.378 0.000

    LDL-C Cigarette smoking -0.258 0.050 -0.241 -5.119 0.000
Systolic blood pressure 0.005 0.002 0.103 2.149 0.032
Body mass index 0.029 0.012 0.111 2.321 0.021

    ApoA1 Cigarette smoking 0.052 0.015 0.160 3.418 0.001
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Interestingly, there was a preference of mar-
riage to cousins from maternal side (mother’s 
brother’s daughter). Therefore, it is compelling 
us to believe that some hereditary characteris-
tics and genotypes of lipid metabolism-related 
genes in this population may be different from 
those in Han nationality [32-35]. In additions, 
different environmental and genetic factors 
might also contribute to variable levels of asso-
ciation with serum lipid levels in different 
populations.

In the present study, we showed that the levels 
of TC, LDL-C and ApoA1 in Mulao, and TG, HDL-

C, ApoA1 and the ratio of ApoA1 to ApoB in Han 
were different among the genotypes of the 
Trp316Ser variant (rs1801690) near the apoli-
poprotein H (β2-glycoprotein-I) gene (P < 0.05-
0.01). Subgroup analyses according to the sex 
showed that the levels of TC, TG, LDL-C, and 
ApoA1 in Mulao males, ApoA1 in Mulao 
females; TC, TG, HDL-C and ApoB and the ratio 
of ApoA1 to ApoB in Han males, and HDL-C and 
ApoA1, and the ratio of ApoA1 to ApoB in Han 
females were associated with the genotypes of 
the Trp316Ser variant (rs1801690) near the 
apolipoprotein H (β2-glycoprotein-I) gene. 

Alcohol consumption 0.066 0.015 0.210 4.301 0.000
Weight -0.008 0.002 -0.248 -5.130 0.000

    ApoB Genotype -0.039 0.015 -0.116 2.659 0.008
Waist circumference 0.007 0.001 0.241 5.273 0.000
Diastolic blood pressure 0.004 0.001 0.210 4.591 0.000
Glucose 0.024 0.005 0.199 4.441 0.000

    ApoA1/ApoB Genotype 0.091 0.034 0.118 2.661 0.008
Cigarette smoking 0.091 0.026 0.159 3.532 0.000
Alcohol consumption 0.071 0.026 0.128 2.743 0.006
Body mass index -0.030 0.008 -0.212 -3.683 0.000
Waist circumference -0.012 0.003 -0.188 -3.380 0.001

Han/female
    TC Age 0.029 0.004 0.332 6.827 0.000

Body mass index 0.044 0.018 0.112 2.464 0.014
Glucose 0.073 0.026 0.134 2.839 0.005

    TG Glucose 0.147 0.054 0.132 2.756 0.006
    HDL-C Genotype 0.152 0.040 0.183 3.799 0.000

Age 0.007 0.003 0.148 2.718 0.007
Diastolic blood pressure -0.006 0.003 -0.110 -2.160 0.031

    LDL-C Age 0.020 0.003 0.291 5.919 0.000
Waist circumference 0.019 0.006 0.158 3.447 0.001
Glucose 0.042 0.020 0.100 2.093 0.037

    ApoA1 Genotype 0.050 0.017 0.145 3.024 0.003
Age 0.002 0.001 0.129 2.304 0.022
Cigarette smoking 0.124 0.055 0.107 2.240 0.026
Body mass index -0.010 0.004 -0.114 -2.387 0.017
Systolic blood pressure -0.004 0.001 -0.248 -2.829 0.005
Pulse pressure 0.006 0.002 0.302 3.546 0.000

    ApoB Age 0.004 0.001 0.232 5.077 0.000
Waist circumference 0.007 0.001 0.236 5.208 0.000
Glucose 0.013 0.005 0.134 2.868 0.004

    ApoA1/ApoB Age -0.006 0.002 -0.162 -3.198 0.001
Height 0.010 0.004 0.105 2.134 0.033
Cigarette smoking 0.242 0.114 0.102 2.115 0.035
Waist circumference -0.014 0.003 -0.203 -4.314 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.
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Serum lipid parameters were also associated 
with several environmental factors. 

It is well known that environmental factors such 
as dietary patterns, lifestyle, obesity, physical 
activity, and hypertension are all strongly relat-
ed with serum lipid levels [40]. In the present 
study, we also showed that serum lipid param-
eters were correlated with age, sex, alcohol 
consumption, cigarette smoking, BMI, fasting 
blood glucose levels, and blood pressure in 
both ethnic groups. These data suggested that 
the environmental factors also played an impor-
tant role in determining serum lipid levels in our 
populations. Although rice and corn are the 
staple foods in both ethnic groups, Mulao peo-
ple prefer to eat cold foods along with acidic 
and spicy dishes, so bean soy sauce and pick-
led vegetables are among their most popular 
dishes. They also favor to eat animal offals 
which contain abundant saturated fatty acid. It 
has been widely accepted that high-fat diets, 
particularly those containing large quantities of 
saturated fatty acids raise blood cholesterol 
concentrations and predispose individuals to 
CAD [41]. Many studies also stated that diatery 
habits can impart a strong influence on serum 
levels of ApoB, and which in turn can effects 
the risk of CAD [42-44]. In the current study, we 
found that the level of ApoB was higher in 
Mulao than in Han. This might be partly due to 
the difference in dietary habit between the 
Mulao and Han populations.

The Trp316Ser variant (rs1801690) near the 
apolipoprotein H (β2-Glycoprotein-I) gene 
explain a small proportion of the variance in 
ApoH expression, thus the ability of the SNP to 
influence plasma β2GPI levels may be obscured 
by the strong effects of other factors (unde-
fined elements which are in strong LD with the 
SNP and other regulatory factors that affect in 
vivo gene expression) in aggregate. However, 
given the reporter gene expression data indi-
cating possible binding to transcription factors, 
there is clearly a functional effect of the poly-
morphism on ApoH regulation that are worthy 
of further investigation. However, haplotype 
analysis including ApoH promoter SNPs alone 
or in conjunction with previously known coding 
SNPs affecting plasma β2GPI levels (Trp316Ser) 
gave us no new insights into determining the 
genetic basis of plasma β2GPI levels. The sig-
nificant haplotypes were defined predominantly 
by the minor alleles at the coding SNPs, which 

are already known to have a major effect on 
β2GPI levels. Therefore, given both the method 
and also the small sample size, further studies 
are warranted in larger cohorts using impro-
vised methods that will help better to delineate 
the goals of this study that to assess the asso-
ciation of the Trp316Ser variant (rs1801690) 
near the apolipoprotein H (β2-glycoprotein-I) 
gene and several environmental factors with 
serum lipid profiles in the Mulao and Han 
populations.

In addition, it is reported that some of the iden-
tified genes are plausible biological candidates, 
some SNP in the ApoH showed suggestive 
association with the β2-GPI phenotype, as they 
are actually or potentially involved in inflamma-
tory processes or some unknown processes 
[45, 46]. Our results represent a first step 
towards identifying common variants reflecting 
the genetic architecture influencing plasma 
β2-GPI levels, and warrant further validation by 
functional experiments, as the functions of 
some of the discovered loci are still unknown.

Although we observe significant association of 
the Trp316Ser variant (rs1801690) near the 
apolipoprotein H (β2-glycoprotein-I) gene and 
serum lipid levels, the unmeasured interac-
tions of gene-gene, gene-environment, and 
environment-environment on serum lipid levels 
were remained to be determined. Furthermore, 
the impact of sex hormones was not evaluated 
in both males and females of the two ethnic 
groups respectively due to the relatively small 
samples. Hence, we must recognize the limited 
power to provide an understanding of full 
impact of the Trp316Ser variant (rs1801690) 
near the apolipoprotein H (β2-glycoprotein-I) 
gene on lipid metabolism since there are none 
of published documents involved in this aspect 
directly. The association of the Trp316Ser vari-
ant (rs1801690) near the apolipoprotein H 
(β2-glycoprotein-I) gene and serum lipid levels 
should be detected in further investigations.

In conclusion, the C allele frequency of the 
Trp316Ser variant (rs1801690) near the apoli-
poprotein H (β2-glycoprotein-I) gene in both 
Mulao and Han is higher in females than in 
males. The minor C allele carriers in both ethnic 
groups have more favorable serum lipid profiles 
than the C allele non-carriers. These findings 
suggest that the association between the 
Trp316Ser variant (rs1801690) near the apoli-
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poprotein H (β2-glycoprotein-I) gene and serum 
lipid levels might have ethnic-and/or sex- 
specificity.
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