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Abstract
The apolipoprotein (Apo) B gene (APOB) is a susceptible gene for dyslipidemia. The purpose of this investigation was to explore
the relationship between the APOB rs1042034 single-nucleotide polymorphism (SNP) and serum lipid levels in the Maonan and
Han populations. A total of 598 Maonan participants and 609 Han participants were genotyped by polymerase chain reaction and
restriction fragment length polymorphism, and the genotypes were also verified by sequencing. There were no differences in
genotype and allele frequencies between the 2 ethnic groups or between males and females. The levels of triglyceride (TG) in
Maonans were higher and high-density lipoprotein cholesterol was lower in the A allele carriers than the A allele noncarriers; the
A allele carriers in Hans had higher TG levels and lower ApoA1/ApoB ratio than the A allele noncarriers (P < .05 for all). Subgroup
analysis showed that the A allele carriers in Maonan females had higher TG levels and the A allele carriers in Han females had
higher TG levels and lower ApoA1/ApoB ratio than the A allele noncarriers (P < .05 for all). In our study populations, there may be
ethnicity- and/or sex-specific associations between the APOB rs1042034 SNP and serum lipid levels.
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Introduction

Worldwide, cardiovascular disease (CVD) is the leading cause

of death and has created a considerable global public health

burden.1,2 High cholesterol, smoking, and high blood pressure

are key risk factors for CVD.3 Genome-wide association stud-

ies (GWASs) have identified many genetic loci associated with

blood lipid levels, and the susceptible apolipoprotein B gene

(APOB) is one of the research hot spots.4-7 APOB is located on

chromosome 2 and plays a key role in lipoprotein metabolism,

which is closely related to the occurrence and development of

hyperlipidemia.8,9 Studies have confirmed that multiple single-

nucleotide polymorphisms (SNPs) in APOB are associated with

dyslipidemia.10,11

China is a multiethnic country comprising Han Chinese,

which accounts for the majority, and 55 ethnic minorities. The

Maonan ethnic group is one of the ethnic minorities living in

the mountainous region, which has a small population. In the

sixth national census, the total population of Maonans was 101

192 (ranked 37).12 Maonans mainly live in the northwest area

of Guangxi Zhuang Autonomous Region. Maonans have a long

history and unique culture. Because their customs and eating

habits differ from those of the Han Chinese, the characteristics

and genotypes of the lipid metabolism genes in this group may

be different from those of the Han population. Although the

rs1042034 is a functional SNP that has already been known to

be associated with blood lipid levels in some populations, the

association of the APOB rs1042034 SNP and serum lipid levels
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has never been reported in Maonans. Thus, the intention of this

study was to evaluate the effect of the APOB rs1042034 SNP

on blood lipid levels in the Maonan and Han populations in

Guangxi.

Methods

Study Participants

All samples were randomly selected from our previous speci-

men pools.13 The study participants range from 20 to 92 years

old. All participants were basically healthy; did not have

chronic diseases such as thyroid disease, diabetes, heart dis-

ease, or stroke; and did not take drugs that affect blood lipid

metabolism. All selected persons provided informed consent.

This study was approved by the ethics committee of the First

Affiliated Hospital of Guangxi Medical University (No. Lun-

shen-2014-KY-Guoji-001, March 7, 2014).

Epidemiological Investigation

Epidemiological investigation was conducted using interna-

tional standardized methods in accordance with the general

protocol.14 Standardized questionnaires were used to collect

and record lifestyle habits and general conditions, including

height, weight, body mass index (BMI), waist circumference,

and blood pressure measurements. Alcohol consumption was

categorized into 3 groups (0, �25 g/d, >25 g/d) and smoking

habit was divided into 3 categories (0, �20 cigarettes/day, >20

cigarettes/day), respectively.

Biochemical Measurements

After fasting for 12 hours, a sample of 5 mL venous blood was

collected. One part was used to determine serum lipid levels,

including the levels of total cholesterol (TC), triglycerides

(TGs), low-density lipoprotein cholesterol (LDL-C), high-

density lipoprotein cholesterol (HDL-C), and apolipoprotein

(Apo) A1 and ApoB. Another part of the sample was used to

extract genomic DNA by the phenol–chloroform method.

Genotyping and Sequencing

The genotypes of the APOB rs1042034 SNP were determined

by polymerase chain reaction–restriction fragment length poly-

morphism (PCR-RFLP). The specific reaction conditions are

shown in Supplemental Table 1. After electrophoresis on a

2.0% agarose gel containing 0.5 mg/mL ethidium bromide, the

results were observed under a gel imaging analyzer. The results

of the electrophoresis of the PCR products and the genotyping

of the SNP are shown in Figure 1A and B. Two PCR products

of the GG, GA, and AA genotypes were randomly selected

for sequencing to confirm the genotypes obtained by PCR-

RFLP (ABI Prism 3100 by Shanghai Sangon Biological

Engineering Technology & Services Co, Ltd, Shanghai, China;

Figure 1C).

Statistical Analysis

Continuous variables were expressed as the mean + SD

(serum TG levels were expressed as the median and interquar-

tile range [IQR, which is quartile 3 to quartile 1]). The count

data were expressed as a percentage (%), and the categorical

variables were analyzed by the w2 test. A standard goodness-of-

fit test was used to verify the Hardy-Weinberg equilibrium

(HWE). Independent sample t tests and Mann-Whitney U tests

were used for comparisons between the 2 groups. The associ-

ation between genotypes and serum lipid levels was analyzed

by analysis of covariance with BMI, age, blood pressure, blood

glucose, smoking, and drinking as covariates. The effects of

genotypes (GG genotype ¼ 0, GA/AA genotypes ¼ 1) and

environmental factors on blood lipid levels were analyzed

using stepwise multiple linear regression. Two-sided P values

<.05 were considered significant. All data were analyzed using

SPSS software (version 23.0).

Results

General Characteristics

As shown in Table 1, there were a total of 598 Maonan parti-

cipants (mean age: 55.82 + 14.71 years) and 609 Han parti-

cipants (mean age: 54.30 + 15.13 years). The 2 ethnic groups

were matched for age and sex. The waist circumference, sys-

tolic blood pressure, pulse pressure, and TG levels were

higher in the Maonan than in the Han participants; the

HDL-C levels were lower in the Maonan than in the Han

participants (P < .05).

Genotypes and Serum Lipid Profile

The frequencies of the GG, GA, and AA genotypes were

46.15%, 43.98%, and 9.87% in the Maonan group and

44.01%, 47.13%, and 8.86% in the Han group (P > .05),

respectively. The genotype distribution of the rs1042034

SNP was complied with the HWE in both ethnic groups or

both sexes (The values of PHWE were .751 in Maonan, .063

in Han, .998 in Maonan male, .683 in Maonan female, .460

in Han male, and .075 Han female, respectively; Figure 2A).

The A allele frequency of rs1042034 SNP was 31.86% and

32.43% in the Maonan and Han groups (P > .05; Figure 2B),

respectively. Among the Maonan population, the levels of

TG were higher and HDL-C were lower in the A allele

carriers than the A allele noncarriers; for the Han population,

the A allele carriers had higher TG levels and lower ApoA1/

ApoB ratio than the A allele noncarriers (P < .05 for all;

Figure 2C and Table 2). Sex subgroup analysis showed that

the A allele carriers in Maonan females had higher TG levels

than the A allele noncarriers (Figure 2D) and the A allele

carriers in Han females had higher TG levels and lower

ApoA1/ApoB ratio than the A allele noncarriers (P < .05 for

all; Figure 2E).
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Factors Related to Serum Lipid Parameters

Multiple linear regression analysis showed that serum TG and

HDL-C levels were associated with the APOB rs1042034 gen-

otypes in all participants (P < .05; Supplemental Table 2).

Serum HDL-C levels in the Maonan group and the ApoA1/

ApoB ratio in Han females were related to the genotypes

(P < .05; Supplemental Tables 2 and 3). A variety of other

factors were also associated with serum lipid profiles

(P < .05 for all; Supplemental Tables 2 and 3).

Discussion

In this study, we found that the waist circumference, systolic

blood pressure, pulse pressure, and serum TG levels in the

Maonan people were higher than those in the Han population,

while the HDL-C levels were lower in the Maonan than the Han

population. A previous study reported that the dietary fat, cho-

lesterol, and energy intake in the Maonan people were signif-

icantly higher than those in the Han population.15 This is

consistent with previous research. Dyslipidemia is affected

Figure 1. Results of electrophoresis, genotyping, and sequencing. A, Results of electrophoresis (Lane M: 100-600 bp marker ladder; lanes 1-6:
600 bp target genes). B, Results of genotyping (GG genotype, lanes 2 and 4; GA genotype, lanes 1, 5, and 6; and AA genotype, lane 3). C, Results
of sequencing (GG, GA, and AA genotypes).
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by the genetic and environmental factors.16-18 People of differ-

ent ethnicities, from different regions, and with different living

conditions have different genetic backgrounds.19-22 The Mao-

nan ethnic group is one of the ethnic minorities in China, and

they mainly live in Southwestern China. They primarily eat

Maonan rice and corn, in addition to rice, sweet potatoes,

pumpkins, and so on, and they also like to make various foods

with staples and miscellaneous grains. Sour food is one of the

most prominent characteristics of their diet, and they generally

like half-cooked dishes. Alcohol consumption is also common.

The Maonan family is monogamous, and marriage is mainly

dictated by the parents. The different lifestyles, eating habits,

and genetic backgrounds of the 2 ethnic groups may be the

main causes of differences in blood lipid levels.

ApoB is considered to be one of the most important athero-

genic lipoproteins.22 The product of APOB is the major apoli-

poprotein of chylomicrons and low-density lipoproteins. It is

synthesized in the plasma and has 2 major isoforms, ApoB-48

and ApoB-100: the former is synthesized only in the intestine,

and the latter is synthesized in the liver.23,24 APOB rs1042034

is a missense SNP that causes Ser4338Asn.25 Genome-wide

association study reported that the rs1042034 SNP was asso-

ciated with the blood lipids TC, LDL-C, and HDL-C.10 In our

study, the frequencies of the GG, GA, and AA genotypes were

46.15%, 43.98%, and 9.87% in the Maonan population, and

44.01%, 47.13%, and 8.86% in the Han population, respec-

tively. The A allele frequencies of APOB rs1042034 SNP

were 31.86% and 32.43% in the Maonan and Han populations,

respectively. There were no significant differences in geno-

type and allele frequencies between the Maonan and Han

ethnic groups.

There are significant differences in blood lipid

parameters among different populations and among different

individuals in the population. These differences may be related

to genetic and/or environmental interactions and genetic

susceptibility.26,27 The effects of polymorphisms on serum

lipid levels may look different among the ethnic groups due

to complex haplotype relationships between tested genetic

markers and functional variants.28,29 Regarding the relation-

ship between the APOB rs1042034 SNP and blood lipid levels,

some articles reported that the rs1042034 polymorphism was

associated with TG and HDL levels in European populations.

Other studies found that the rs1042034 SNP was associated

with TC and LDL-C levels in Hispanic populations.30-32 In a

study of gene-by-environment interactions, the rs1042034 SNP

was found to be associated with serum TC levels.33 In addition,

the rs1042034 T allele increased the risk of ischemic stroke in

Chinese Han males, the LDL-C levels of the AA genotype

carriers were lower than those of the non-AA genotype carriers,

and the TG levels were higher than those of the non-AA

Table 1. The General Characteristics and Serum Lipid Levels Between Maonan and Han Populations.a

Parameter Maonan Han t (w2) P

Number 598 609
Male/female 225/373 224/385 0.092 .766
Age (years) 55.82 + 14.71 54.30 + 15.13 1.776 .076
Height (cm) 153.66 + 8.18 154.45 + 7.79 �1.719 .086
Weight (kg) 52.62 + 10.21 52.99 + 9.20 �0.684 .494
Body mass index (kg/m2) 22.15 + 3.09 22.17 + 3.17 �0.086 .931
Waist circumference (cm) 76.43 + 8.85 75.04 + 8.35 2.798 .005
Smoking status, n (%)

Nonsmoker 468 (78.3) 485 (79.6) 0.616 .735
�20 cigarettes/day 115 (19.2) 107 (17.6)
>20 cigarettes/day 15 (2.5) 17 (2.8)

Alcohol consumption, n (%)
Nondrinker 467 (78.1) 500 (82.1) 13.201 .001
�25 g/d 69 (11.5) 35 (5.7)
>25 g/d 62 (10.4) 74 (12.2)

Systolic blood pressure (mm Hg) 132.64 + 22.15 129.39 + 20.10 2.665 .008
Diastolic blood pressure (mm Hg) 81.70 + 11.26 81.08 + 10.85 0.977 .329
Pulse pressure (mm Hg) 50.94 + 16.31 48.31 + 15.60 2.857 .004
Glucose (mmol/L) 6.05 + 1.10 6.09 + 1.21 �0.605 .545
Total cholesterol (mmol/L) 4.96 + 0.96 4.91 + 0.91 0.913 .362
Triglyceride (mmol/L) 1.28 (0.86) 1.10 (0.65) 4.632 .000
HDL-C (mmol/L) 1.62 + 0.40 1.82 + 0.42 �8.778 .000
LDL-C (mmol/L) 2.86 + 0.80 2.84 + 0.70 0.497 .619
ApoA1 (g/L) 1.39 + 0.23 1.37 + 0.23 1.915 .056
ApoB (g/L) 0.87 + 0.18 0.89 + 0.23 �1.752 .080
ApoA1/ApoB 1.67 + 0.50 1.62 + 0.48 1.855 .064

Abbreviations: Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
aThe value of triglyceride was presented as the median and interquartile range (IQR, which is quartile 3 to quartile 1). The categorical variables were analyzed by
the w2 test. Independent sample t tests and Mann-Whitney U tests were used for comparisons between the 2 groups.
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genotype carriers.34,35 However, Kulminski et al found that the

rs1042034 CC genotype promoted CVD through lipid metabo-

lism.36 Our study reported that in the Maonan ethnic group, the

levels of TG were higher and HDL-C were lower in the A allele

carriers than the A allele noncarriers. In the Han population, the

A allele carriers had higher TG levels and lower ApoA1/ApoB

ratio than the A allele noncarriers. Subgroup analysis according

to sex showed that the A allele carriers in Maonan females had

higher TG levels than the A allele noncarriers and the A allele

carriers in Han females had higher TG levels and lower

ApoA1/ApoB ratio than the A allele noncarriers. These results

indicate that the association of the APOB rs1042034 SNP with

serum lipid levels may have racial/ethnic and/or sex specificity.

In the multiple linear regression analysis, blood lipid levels

were also related to a variety of environmental factors.

Dyslipidemia is characterized by changes in lipid concentra-

tions in the bloodstream and the accumulation of one or more

lipoproteins. Studies have shown that changes in eating habits,

such as limiting saturated fat and cholesterol products and

reducing salt intake, can reduce the risk of CVD.37-39 More-

over, gene–dietary interactions had effects on blood lipid levels

in an Inuit population study.40 Differences in eating habits may

also affect blood lipid levels between the 2 ethnic groups.

Our research has some limitations. First, the research pop-

ulation was relatively small. In the process of the statistical

analysis, we could not reduce the impact of diet and several

environmental factors and could not eliminate other unknown

or unmeasured confounding factors. Second, the gene–gene,

gene–environment, and environment–environment interactions

on serum lipid levels have not yet been studied. In this study,

Figure 2. Genotypic and allelic frequencies, genotypes, and serum lipid levels. (A) Genotypic frequencies; (B) allelic frequencies; and (C) to (E)
genotypes and serum lipid levels in Maonan and Han (C), Maonan males and females (D), and Han males and females (E), respectively. Serum TG
levels were expressed as the median and IQR (which was quartile 3 to quartile 1), and the difference was determined by the Wilcoxon-Mann-
Whitney U test. The remaining lipid parameters were expressed as the mean + SD and were analyzed by ANCOVA with body mass index, age,
blood pressure, blood glucose, smoking, and drinking as covariates. *P < .05. ANCOVA indicates analysis of covariance; Apo, apolipoprotein;
HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation; TC,
total cholesterol; TG, triglyceride.
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we only investigated the association between the APOB

rs1042034 SNP and 7 serum lipid traits in the Maonan and Han

populations in China. There are many SNPs located in the

APOB. Other polymorphisms in the APOB, for example,

tagSNPs, and their haplotypes can interact with the APOB

rs1042034 SNP to interfere blood lipid metabolism. Thus,

detection of multiple linked SNPs in the APOB might provide

more valuable genetic information than a single SNP.41,42

Conclusions

This study showed that the genotype and allele frequencies of

the APOB rs1042034 SNP were not different between males

and females within the Maonan and Han ethnic groups or

between the 2 ethnic groups, but the association between the

APOB rs1042034 SNP and blood lipid levels was different. In

our study population, there may be ethnicity- and/or sex-

specific associations between APOB rs1042034 SNP and

serum lipid levels.
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