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Abstract: SPT2 chromatin protein domain containing 1 gene (SPTY2D1) is a candidate gene for dyslipidemia. The 
single nucleotide polymorphism (SNP) of rs7934205 near SPTY2D1 locus was ethnic- and sex-specific associated 
with serum lipid levels in our previous study. Whether SPTY2D1 rs17579600 SNP and several environmental factors 
are associated with serum lipid profiles is unknown. A total of 712 participants of Han and 689 unrelated individuals 
of Mulao were included. The genotype and allele frequencies of SPTY2D1 rs17579600 SNP were different between 
the Han and Mulao populations (TT, 74.3% vs. 55.7%; TC, 17.6% vs. 31.2%, CC, 8.1% vs. 13.1%, P = 0.028; T, 83.1% 
vs. 71.3%; C, 16.9% vs. 28.7%, P = 0.044), and between males and females in the both ethnic groups. The levels of 
serum apolipoprotein (Apo) A1 in Han, triglyceride (TG) in Mulao, and total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), ApoA1 and ApoB in Mulao males were difference among the genotypes. The C allele carriers 
had higher ApoA1 in Han, lower TG in Mulao, and lower TC, LDL-C and ApoB and higher ApoA1 in Mulao males than 
the C allele non-carriers. Serum lipid parameters were also associated with several environmental factors in both 
ethnic groups. The differences suggesting there may be a racial/ethnic- and/or sex-specific association between the 
SPTY2D1 rs17579600 SNP and serum lipid parameters in some ethnic groups.

Keywords: Lipids, SPT2 chromatin protein domain containing 1 gene, single nucleotide polymorphism, environ-
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Introduction

Cardiovascular disease (CVD) is the world’s 
leading cause of mortality, morbidity, disability, 
functional decline, and healthcare costs [1, 2]. 
The 2011 overall rate of death attributable to 
CVD was 229.6 per 100 000 Americans. The 
death rates were 275.7 for males and 192.3 for 
females. The rates were 271.9 for white males, 
352.4 for black males, 188.1 for white females, 
and 248.6 for black females [3]. To establish 
risk status measurement of a standard lipid 
profile, including total cholesterol (TC) [4], tri-
glycerides (TG) [5], LDL (low-density lipoprotein) 
cholesterol [6], apolipoprotein (Apo) B [7], HDL 
(high-density lipoproteins) cholesterol [8], 
ApoA1 [9] and the ratio ApoA1 to ApoB [10] is 
recommended from an integral component of 
approaches to cardiovascular risk prediction. 
This is well illustrated by the widespread popu-

larity of the metabolic syndrome concept [11], a 
constellation of risk factors that confers an ele-
vated risk of cardiometabolic anomalies and 
CVD. Decades of research on common CVD risk 
factors have established that they often differ 
between men and women [12], are influenced 
by age [13] and ethnicity [14], and are modu-
lated by behavioral choices [15], including poor 
diet [16] and a sedentary lifestyle [17], environ-
mental conditions [18], and one’s genetic pro-
file [19, 20]. Even though it is well recognized 
that all these risk factors taken individually are 
characterized by a significant genetic compo-
nent, there are uncertainties about the true 
magnitude of risk factor clustering, as well as 
on the role of genetic factors in risk factor clus-
tering in individuals.

Using several twin and family study designs, 
studies have revealed that there is a significant 
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genetic component to human variability in CVD 
risk factors when considered individually [21, 
22]. These risks above mentioned factors are 
all characterized by familial resemblance and 
significant heritability estimates [23, 24]. All 
these CVD risk factors have been the target of 
genome-wide association studies (GWAS) 
aimed at identifying common single nucleotide 
polymorphisms (SNPs) and at quantifying how 
much of the phenotypic variance is actually 
captured by them [25]. 

Several GWAS have reported the association of 
many SNPs near the SPT2 chromatin protein 
domain containing 1 gene (SPTY2D1; previous 
symbols & names: SPT2, Suppressor of Ty, 
domain containing 1 (S. cerevisiae), Gene ID: 
144108, HGNC ID: 26818, synonyms: 
DKFZp686I068, FLJ39441, Spt2, locus type: 
gene with protein product, chromosomal loca-
tion: 11p15.1) with one or more lipid traits [26-
28]. SPT2 is a DNA binding protein with HMG-
like domains. Functional domains of the yeast 
chromatin protein SPT2 can bind four-way junc-
tion and crossing DNA structures [29]. It plays a 
role in chromatin modulations associated with 
transcription elongation in Saccharomyces 
cerevisiae [30]. Vertebrate SPT2 is a represen-
tative of a new class of nucleolar histone chap-
erones, which associate with chromatin by their 
DNA-binding activity and function as nucleo-
some assembly/disassembly factors in the 
regulation of rDNA transcription [31]. A previ-
ous GWAS on plasma-lipid levels has identified 
the rs10128711 SNP near the SPTY2D1 as 
TC-related loci in European [28]. A sex-stratified 
analysis of other variant in SPTY2D1, 
rs7934205, in our previous study in Chinese 
has shown that the association between the 
SPTY2D1 rs7934205 SNP and serum lipid lev-
els might have ethnic- and/or sex-specificity 
[32]. Whether SPTY2D1 rs17579600 SNP is 
associated with serum lipid levels or whether it 
exhibits ethnic and/or sex specific association 
like the previously reported SPTY2D1 SNPs 
remains elusive.

Mulao nationality, as one of the minorities (Han 
is the largest one), is a relatively conservative 
and isolated minority, and preserves their cus-
tom of intra-ethnic marriage. Interestingly, they 
have their culture of consanguineous marriage 
to cousins of maternal side, suggesting that the 
genetic background of Mulao population may 
be less heterogeneous within the population. 

The recent molecular anthropological data 
showed that Mulao has much closer genetic 
relationship with the other minorities in Guangxi 
than with the Han nationality [33]. Height, fat 
mass, and fat distribution differ substantially 
between men and women, and these differ-
ences may, in part, explain the sex-specific sus-
ceptibilities to certain diseases such as CAD 
[34]. These considerable differences in anthro-
pometry may reflect sex-specific differences in 
steroid hormone regulation, adipogenesis, lipid 
storage, muscle metabolism, composition, and 
contractile speed, skeletal growth and matura-
tion, or lipolysis, and suggest a genetic under-
pinning [35]. Sexual dimorphism has been 
demonstrated as the potential of dyslipidemia 
and CVD risk factors. This study, therefore, was 
undertaken to detect the association of 
SPTY2D1 rs17579600 SNP and several envi-
ronmental factors with serum lipid levels 
between males and females in the Mulao and 
Han populations.

Materials and methods

Subjects

The study populations including 712 unrelated 
subjects (248 males, 34.83% and 464 females, 
65.17%) of Han and 689 unrelated participants 
(222 males, 33.22% and 467 females, 67.78%) 
of Mulao were randomly selected from our pre-
vious stratified randomized samples [36]. All 
participants were agricultural workers from 
Luocheng Mulao Autonomous County, Guangxi 
Zhuang Autonomous region, People’s Republic 
of China. The participants’ age ranged from 15 
to 80 years with the mean age of 49.02 ± 14.39 
years in Han and 48.43 ± 14.58 years in Mulao; 
respectively. The age distribution and gender 
ratio were matched between the two groups. All 
participants were essentially healthy with no 
history of CVD such as coronary artery disease, 
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 partici-
pants. The study design was approved by the 
Ethics Committee of the First Affiliated Hospital, 
Guangxi Medical University.

Epidemiological survey

The epidemiological survey was carried out 
using internationally standardized methods, 
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following a common protocol [37]. Information 
on demographics, socioeconomic status, and 
lifestyle factors was collected with standard-
ized questionnaires. Alcohol consumption was 
categorized into groups of grams of alcohol per 
day: < 25 and ≥ 25. Smoking status was cate-
gorized into groups of cigarettes per day: < 20 
and ≥ 20. Several parameters such as blood 
pressure, height, weight, waist circumference, 
and body mass index (BMI) were measured. 
The methods of measuring above parameters 
were referred to previous studies [38].

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 apolipoprotein (Apo) A1 
and ApoB levels were assessed by the immune-
turbidimetric immunoassay [39].

Genotyping

Genomic DNA was isolated from peripheral 
blood leukocytes using the phenol-chloroform 
method [36-39]. The SPTY2D1 rs17579600 
SNP was genotyped by polymerase chain reac-
tion and restriction fragment length polymor-
phism (PCR-RFLP). PCR amplification was per-
formed using 5’-CAAAGAAATCTCTATCTCAC-3’ 
as the forward and 5’-ACCAGCCTGGCCAA- 
CATGGT-3’ as reversed primer pair. Each ampli-
fication reaction was performed in a total vol-
ume 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 7 
min of pre-denaturing at 95°C and followed by 
50 s of denaturing at 95°C, 45 s of annealing at 
60°C and 1 min of elongation at 72°C for 33 
cycles. The amplification was completed by a 
final extension at 72°C for 7 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 solutions, 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 amplified DNA, the 
digestive products were separated by electro-
phoresis 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 epide-
miological 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 phe-
nol 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 [36-39].

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 
genotype distribution between the two groups 
was analyzed by the chi-square test. General 
characteristics 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, smok-
ing, and alcohol consumption were adjusted for 
the statistical analysis. Multivariable linear 
regression analyses with stepwise modeling 
were used to determine the correlation between 
genotypes (TT = 1, TC = 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 Han 
and Mulao populations. Two sided P value < 
0.05 was considered statistically significant.

Results

General and biochemical characteristics of the 
subjects

The comparison of general characteristics and 
serum lipid levels between the Han and Mulao 
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populations is summarized in Table 1. The lev-
els of body weight, BMI, waist circumference, 
systolic blood pressure, diastolic blood pres-
sure, pulse pressure, blood glucose and the 
levels of ApoB were lower in Mulao than in Han 
(P < 0.05-0.001), whereas the percentage of 
excessive alcohol consumption were higher in 
Mulao than in Han (P < 0.05-0.001). There 
were no significant differences in the gender 
ratio, age structure, body height, the percent-
age of cigarette smoking, serum TC, TG, HDL-C, 
LDL-C and ApoA1 levels 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 (Figure 1). The genotypes identified were 
labeled according to the presence or absence 
of the enzyme restriction sites. Thus, TT geno-
type is homozygote for the absence of the site 
(496-bp), TC genotype is heterozygote for the 
presence 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; 
Figure 2). The TT, CT and CC genotypes detect-
ed by PCR-RFLP were also confirmed by direct 
sequencing (Figure 3), respectively. 

Genotypic and allelic frequencies

As shown in Table 2, the genotype and allele 
frequencies of SPTY2D1 rs17579600 SNP 
were different between the Han and Mulao 
populations (TT, 74.3% vs. 55.7%; TC, 17.6% vs. 

Table 1. Comparison of demographic, lifestyle characteristics and serum lipid levels between the Han 
and Mulao populations
Parameter Han Mulao T (x2) P
Number 712 689
Male/female 248/464 222/467 1.071 0.301
Age (years) 49.02±14.39 48.43±14.58 0.762 0.446
Height (cm) 154.65±7.48 154.03±7.86 1.522 0.128
Weight (kg) 53.09±8.74 51.30±8.68 3.843 0.000
Body mass index (kg/m2) 22.38±3.41 21.41±3.08 5.566 0.000
waist circumference (cm) 74.78±7.85 73.32±7.88 3.479 0.001
Cigarette smoking (n%)
    Nonsmoker 547 (76.8) 558 (81.0)
    < 20 cigarettes/day 137 (19.2) 113 (16.4) 4.211 0.122
    ≥ 20 cigarettes/day 28 (3.9) 18 (2.6)
Alcohol consumption [n (%)]
    Nondrinker 577 (81.0) 577 (83.7)
    < 25 g/day 64 (9.0) 38 (5.5) 6.314 0.043
    ≥ 25 g/day 71 (10.0) 74 (10.7)
Systolic blood pressure (mmHg) 127.03±18.35 116.86±11.79 12.380 0.000
Diastolic blood pressure (mmHg) 81.25±10.81 75.48±7.31 11.738 0.000
Pulse pressure (mmHg) 45.78±13.59 41.38±10.02 6.908 0.000
Blood glucose (mmol/L) 5.98±1.55 5.43±0.78 8.099 0.000
Total cholesterol (mmol/L) 4.96±1.09 4.95±1.27 0.045 0.964
Triglyceride (mmol/L) 1.02 (0.75) 1.01 (0.76) -1.852 0.064
HDL-C (mmol/L) 1.75±0.59 1.78±0.45 -1.075 0.283
LDL-C (mmol/L) 2.90±0.89 2.85±0.85 1.230 0.219
Apolipoprotein (Apo) A1 (g/L) 1.34±0.26 1.34±0.38 -0.080 0.937
ApoB (g/L) 0.95±0.53 0.85±0.20 4.409 0.000
ApoA1/ApoB 1.66±0.48 1.67±0.77 -0.126 0.900
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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31.2%, CC, 8.1% vs. 13.1%, P = 0.028; T, 83.1% 
vs. 71.3%; C, 16.9% vs. 28.7%, P = 0.044). The 
genotype frequencies of rs17579600 SNP 
agreed with the Hardy-Weinberg equilibrium in 
both populations (P > 0.05 for each). Gender-
subgroup analysis showed that the genotype 
and allele frequencies of SPTY2D1 rs17579600 
SNP between males and females were differ-
ent in Han and Mulao. The genotype and allele 
frequencies were different between Han males 
and females (TT, 66.1% vs. 78.7%; TC, 27.8% 
vs. 12.1%, CC, 6.0% vs. 9.3%, P = 0.017; T, 
80.0% vs. 84.7%; C, 20.0% vs. 15.3%, P = 
0.026). The genotype and allele frequencies 
were significantly different between Mulao 
males and females (TT, 45.9% vs. 60.4%; TC, 
31.5% vs. 31.0%, CC, 22.5% vs. 8.6%, P = 

0.018; T, 61.7% vs. 75.9%; T, 38.3% vs. 24.1%, 
P = 0.032).

Genotypes and serum lipid levels

Tables 3 and 4 describe the association 
between genotypes and serum lipid levels. 
Serum ApoA1 levels in Han were different 
among the genotypes (P < 0.05), and the C 
allele carriers had higher ApoA1 levels than the 
C allele non-carriers. Serum TG levels in Mulao 
were different among the genotypes (P < 0.05), 
and the C allele carriers had lower TG levels 
than the C allele non-carriers. Subgroup analy-
ses showed that serum levels of TC, LDL-C, 
ApoA1 and ApoB in Mulao males were different 
among the genotypes (P < 0.05 for all); the C 
allele carriers had higher serum ApoA1 level 
and lower serum TC, LDL-C and ApoB levels 
than the C allele non-carriers. In a word, he sub-
jects with the minor C allele have more favor-
able lipid profiles than those with the C allele 
non-carriers.

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 Han and Mulao popula-
tions and in males and females of both ethnic 
groups (P < 0.05-0.001, Tables 5 and 6).

Discussion

In the current study, we showed that serum 
lipid profiles were significantly different 
between Han and Mulao ethnic groups. A sig-
nificant difference in the genotype and allele 
frequencies of SPTY2D1 rs17579600 SNP was 
also noted between the two ethnic populations. 
The minor C allele frequencies in Han and 
Mulao were 16.9% and 28.7% respectively, 
which were in close proximity to those of 
Chinese Han Beijing (14.0%) reported in inter-
national haplotype map (HapMap) project. 
According to HapMap data, the minor allele fre-
quency of rs17579600 was 15.1% in Japanese, 
and 8.8% in Europeans. Apparently, the minor 
allele frequency was higher in Asian than the 
Western populations. These findings suggest 
that genotype and allele frequencies of 

Figure 1. Electrophoresis of PCR products of the 
samples. Lane M is the 100 bp Marker ladder; lines 
1-6 are samples, the 496 bp bands are the target 
genes.

Figure 2. Genotyping of the SPTY2D1 rs17579600 
SNP. Lane M is the 100 bp Marker Ladder; lanes 1 
and 2, TT genotype (496-bp); lanes 3 and 4, TC geno-
type (496-, 288- and 208-bp); and lanes 5 and 6, CC 
genotype (288- and 208-bp). 
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SPTY2D1 rs17579600 SNP are inconsistent 
among diverse ethnic groups.

to the differences in genetic backgrounds, 
dietary habits, and environmental factors 

Figure 3. A part of the nucleotide forward sequence of the SPTY2D1 rs17579600 SNP. A: TT genotype; B: TC geno-
type; C: CC genotype.

Table 2. Comparison of the genotype and allele frequencies of the 
SPTY2D1 rs17579600 SNP between males and females of the Han 
and Mulao populations

Group n
Genotype Allele

TT TC CC T C
Han 712 529 (74.3) 125 (17.6) 58 (8.1) 1183 (83.1) 241 (16.9)
Mulao 689 384 (55.7) 215 (31.2) 90 (13.1) 983 (71.3) 395 (28.7)
x2 - 7.132 4.065
P - 0.028 0.044
Han
    Male 248 164 (66.1) 69 (27.8) 15 (6.0) 397 (80.0) 99 (20.0)
    Female 464 365 (78.7) 56 (12.1) 43 (9.3) 786 (84.7) 142 (15.3)
    x2 - 8.166 4.988
    P - 0.017 0.026
Mulao
    Male 222 102 (45.9) 70 (31.5) 50 (22.5) 274 (61.7) 170 (38.3)
    Female 467 282 (60.4) 145 (31.0) 40 (8.6) 709 (75.9) 225 (24.1)
    x2 - 7.985 4.582
    P - 0.018 0.032

A recent GWAS reported that 
SPTY2D1 rs10128711 SNP 
was the top association SNP 
with MetS in European ances-
try [27, 28]. The minor allele 
was significantly associated 
with TC. Another our previous 
study shown that the 
SPTY2D1 rs7934205 SNP 
minor allele was significantly 
associated with pleiotropic 
(one SNP influence many 
serum lipid traits) effects on 
serum lipid profiles. In the 
present study, the SPTY2D1 
rs17579600 SNP was corre-
lated serum ApoA1 levels in 
Han and TG in Mulao. How- 
ever, no association with TC 
was detected either in Han or 
Mulao population. The reason 
for this discrepancy is not fully 
understood. It might be due 
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between the two ethnic populations and/or 
simply due to the low power of this study. It is 
well accepted that ethnic differences in serum 

lipid levels were partly due to the differences in 
the dietary intakes [40]. Diet alone could 
account for up to 2.5% of the variability on 

Table 3. Comparison of the genotypes and serum lipid levels in the Han and Mulao 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
    TT 529 4.98±1.13 1.02 (0.74) 1.73±0.64 2.86±0.89 1.32±0.29 0.86±0.21 1.64±0.40
    TC/CC 183 4.90±0.97 1.02 (0.75) 1.76±0.57 2.81±0.75 1.35±0.25 0.83±0.17 1.67±0.51
    F 0.690 0.091 0.960 0.779 4.347 3.229 1.900
    P 0.502 0.763 0.328 0.378 0.037 0.073 0.169
Mulao
    TT 384 4.98±1.38 1.14 (0.80) 1.78±0.47 2.94±0.93 1.34±0.41 0.96±0.55 1.65±0.74
    TC/CC 305 4.92±1.13 1.07 (0.76) 1.79±0.41 2.88±0.86 1.35±0.35 0.93±0.50 1.68±0.80
    F 2.292 4.172 0.041 0.017 0.000 0.671 1.278
    P 0.131 0.041 0.839 0.896 0.996 0.413 0.259
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 Wilcoxon-
Mann-Whitney test. 

Table 4. Comparison between the SPTY2D1 rs17579600 genotypes 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

Han/Male
    TT 102 5.04±1.93 1.02 (0.76) 1.70±0.63 2.94±0.74 1.31±0.47 0.98±0.62 1.58±0.77
    TC/CC 120 5.00±0.90 0.97 (0.74) 1.78±0.40 2.79±0.90 1.37±0.33 0.96±0.48 1.62±0.63
    F 0.322 1.754 2.330 1.618 0.124 0.055 0.099
    P 0.571 0.187 0.128 0.205 0.725 0.814 0.754
Han/Female
    TT 282 4.96±1.12 1.02 (0.78) 1.79±0.42 2.93±1.03 1.34±0.36 0.95±0.52 1.68±0.73
    TC/CC 185 4.86±1.25 1.01 (0.73) 1.81±0.40 2.91±0.85 1.35±0.39 0.91±0.52 1.73±0.89
    F 0.372 2.552 0.312 0.245 0.065 0.243 0.294
    P 0.542 0.111 0.576 0.621 0.799 0.622 0.588
Mulao/Male
    TT 164 5.40±1.17 1.31 (0.93) 1.65±0.42 3.02±0.88 1.33±0.30 0.96±0.22 1.54±0.52
    TC/CC 84 4.88±0.91 1.10 (0.83) 1.70±0.47 2.74±0.79 1.40±0.30 0.85±0.16 1.60±0.40
    F 9.637 0.615 3.417 8.600 4.881 6.341 0.027
    P 0.002 0.434 0.066 0.004 0.028 0.012 0.870
Mulao/Female
    TT 365 4.92±1.02 0.96 (0.69) 1.79±0.61 2.87±0.71 1.32±0.28 0.81±0.19 1.67±0.39
    TC/CC 99 4.79±1.06 0.97 (0.75) 1.80±0.78 2.79±0.88 1.33±0.22 0.81±0.18 1.73±0.49
    F 0.116 0.691 0.614 0.237 2.375 0.331 1.889
    P 0.733 0.406 0.434 0.627 0.124 0.565 0.170
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 values 
of triglyceride were presented as median (interquartile range), and the difference between the TT and TC/CC genotypes was 
determined by the Wilcoxon-Mann-Whitney test. 
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Table 5. The risk factors for serum lipid parameters in the Han and Mulao populations
Lipid parameter Risk factor B Std. error Beta t P
Han and Mulao
    TC Ethnic group 0.137 0.067 0.058 2.037 0.042

Age 0.011 0.002 -.136 4.554 0.000
Alcohol consumption 0.219 0.060 0.118 3.665 0.000
Waist circumference 0.027 0.006 0.180 4.199 0.000

Diastolic blood pressure 0.008 0.003 0.065 2.293 0.022
    TG Alcohol consumption 0.301 0.100 0.097 3.021 0.003

Waist circumference 0.071 0.011 0.281 6.605 0.000
Waist circumference 0.070 0.009 0.297 7.779 0.000

Diastolic blood pressure 0.013 0.006 0.064 2.300 0.022
Glucose 0.091 0.043 0.058 2.121 0.034

    HDL-C Gender 0.150 0.047 0.135 3.171 0.002
Age 0.004 0.001 0.108 3.589 0.000

Alcohol consumption 0.124 0.027 0.151 4.652 0.000
Height 0.018 0.009 0.257 2.044 0.041
Weight -0.028 0.012 -0.461 -2.377 0.018

Waist circumference -0.007 0.003 -0.103 -2.378 0.018
    LDL-C Ethnic group 0.132 0.050 0.075 2.646 0.008

Gender -0.210 0.078 -0.114 -2.686 0.007
Age 0.009 0.002 0.145 4.852 0.000

Cigarette smoking -0.141 0.061 -0.081 -2.314 0.021
Waist circumference 0.018 0.005 0.159 3.695 0.000

    ApoA1 Gender 0.112 0.029 0.162 3.821 0.000
Age 0.002 0.001 0.106 3.527 0.000

Alcohol consumption 0.142 0.017 0.279 8.557 0.000
    ApoB Ethnic group 0.152 0.023 0.190 6.718 0.000

Waist circumference 0.010 0.002 0.202 4.727 0.000
Pulse pressure 0.002 0.001 0.075 2.727 0.006

Glucose 0.021 0.009 0.065 2.373 0.018
    ApoA1/ApoB Gender 0.213 0.057 0.158 3.771 0.000

Alcohol consumption 0.127 0.032 0.128 3.980 0.000
Waist circumference -0.015 0.003 -0.182 -4.267 0.000

Pulse pressure -0.003 0.001 -0.061 -2.211 0.027
Han
    TC Gender -0.394 0.131 -0.173 -3.018 0.003

Age 0.010 0.003 0.127 2.978 0.003
Alcohol consumption 0.294 0.076 0.172 3.887 0.000
Waist circumference 0.041 0.009 0.295 4.708 0.000

Diastolic blood pressure 0.013 0.004 0.134 3.583 0.000
    TG Age -0.015 0.007 -0.098 -2.278 0.023

Cigarette smoking 0.762 0.201 0.182 3.793 0.000
Weight 0.092 0.040 0.916 2.303 0.022

Waist circumference 0.102 0.018 0.365 5.758 0.000
Diastolic blood pressure 0.023 0.008 0.113 2.997 0.003

Glucose 0.177 0.053 0.125 3.326 0.001
    HDL-C Gender 0.164 0.075 0.132 2.177 0.030

Age 0.005 0.002 0.125 2.745 0.006
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Alcohol consumption 0.131 0.044 0.141 3.011 0.003
    LDL-C Gender -0.400 0.106 -0.223 -3.789 0.000

Age 0.011 0.003 0.180 4.095 0.000
Cigarette smoking -0.342 0.079 -0.211 -4.310 0.000

Waist circumference 0.027 0.007 0.251 3.890 0.000
    ApoA1 Genotype -0.044 0.021 -0.073 -2.085 0.037

Age 0.002 0.001 0.085 1.988 0.047
Cigarette smoking 0.063 0.023 0.128 2.713 0.007

Alcohol consumption 0.146 0.018 0.359 8.138 0.000
Weight -0.021 0.007 -0.699 -3.039 0.002

    ApoB Gender -0.087 0.023 -0.203 -3.802 0.000
Age 0.001 0.001 0.084 2.107 0.035

Alcohol consumption 0.036 0.013 0.111 2.689 0.007
Waist circumference 0.009 0.002 0.357 6.094 0.000

Diastolic blood pressure 0.002 0.001 0.099 2.823 0.005
Glucose 0.015 0.005 0.111 3.196 0.001

    ApoA1/ApoB Gender 0.241 0.056 0.238 4.301 0.000
Cigarette smoking 0.134 0.042 0.147 3.189 0.001

Alcohol consumption 0.113 0.032 0.149 3.491 0.001
Waist circumference -0.014 0.004 -0.220 -3.625 0.000

Mulao
    TC Age 0.014 0.004 0.163 3.879 0.000

Height -0.112 0.047 -0.655 -2.376 0.018
Weight 0.174 0.071 1.186 2.455 0.014

Body mass index -0.383 0.168 -0.927 -2.278 0.023
    TG Genotype -0.272 0.133 -0.078 -2.042 0.041

Cigarette smoking -0.363 0.182 -0.099 -1.996 0.046
Alcohol consumption 0.378 0.123 0.140 3.065 0.002

Height -0.158 0.063 -0.679 -2.499 0.013
Weight 0.252 0.095 1.260 2.643 0.008

Body mass index -0.582 0.226 -1.032 -2.571 0.010
Waist circumference 0.040 0.013 0.182 3.182 0.002

Glucose -0.172 0.083 -0.077 -2.077 0.038
    HDL-C Gender 0.128 0.058 0.135 2.223 0.027

Age 0.003 0.001 0.100 2.412 0.016
Alcohol consumption 0.116 0.032 0.167 3.671 0.000
Waist circumference -0.007 0.003 -0.128 -2.245 0.025

    LDL-C Age 0.008 0.003 0.131 3.122 0.002
    ApoA1 Gender 0.156 0.051 0.190 3.056 0.002

Age 0.003 0.001 0.117 2.762 0.006
Alcohol consumption 0.136 0.028 0.228 4.899 0.000

    ApoB Waist circumference 0.011 0.004 0.166 2.866 0.004
Pulse pressure 0.005 0.002 0.104 2.750 0.006

    ApoA1/ApoB Alcohol consumption 0.140 0.055 0.117 2.537 0.011
Waist circumference -0.015 0.006 -0.159 -2.748 0.006

Pulse pressure -0.006 0.003 -0.079 -2.099 0.036
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. The risk factors for serum lipid parameters in the males and females of the Han and Mulao 
populations
Lipid parameter Risk factor B Std. error Beta t P
Han/male
    TC Genotype -0.268 0.101 -0.116 -2.651 0.008

Alcohol consumption 0.222 0.074 0.140 2.998 0.003
Waist circumference 0.050 0.012 0.370 4.255 0.000

Diastolic blood pressure 0.032 0.005 0.311 6.842 0.000
Glucose 0.102 0.031 0.150 3.262 0.001

    TG Cigarette smoking 0.862 0.236 0.172 3.650 0.000
Waist circumference 0.227 0.036 0.562 6.344 0.000

Diastolic blood pressure 0.035 0.014 0.116 2.503 0.013
Glucose 0.300 0.095 0.148 3.174 0.002

    HDL-C Age 0.004 0.002 0.115 2.264 0.024
Cigarette smoking 0.081 0.031 0.120 2.646 0.008

Alcohol consumption 0.113 0.029 0.179 3.919 0.000
Height 0.077 0.023 1.027 3.379 0.001
Weight -0.105 0.030 -2.163 -3.472 0.001

Body mass index 0.226 0.080 1.520 2.835 0.005
Diastolic blood pressure 0.006 0.002 0.148 3.341 0.001

Pulse pressure -0.003 0.001 -0.105 -2.259 0.024
    LDL-C Cigarette smoking -0.318 0.062 -0.250 -5.164 0.000

Waist circumference 0.007 0.004 0.094 1.974 0.049
    ApoA1 Cigarette smoking 0.075 0.019 0.190 3.930 0.000

Alcohol consumption 0.047 0.018 0.128 2.629 0.009
Height 0.040 0.014 0.928 2.851 0.005
Weight -0.057 0.019 -2.026 -3.035 0.003

Body mass index 0.126 0.050 1.456 2.534 0.012
    ApoB Genotype -0.049 0.018 -0.115 2.729 0.007

Alcohol consumption 0.034 0.013 0.116 2.580 0.010
Waist circumference 0.009 0.002 0.355 4.234 0.000

Diastolic blood pressure 0.004 0.001 0.230 5.262 0.000
Glucose 0.028 0.006 0.222 5.027 0.000

    ApoA1/ApoB Cigarette smoking 0.111 0.031 0.164 3.545 0.000
Han/female
    TC Age 0.019 0.005 0.246 4.139 0.000
    TG Waist circumference 0.047 0.014 0.266 3.288 0.001

Diastolic blood pressure 0.020 0.006 0.168 3.293 0.001
    HDL-C Body mass index -0.034 0.007 -0.233 -5.149 0.000

Genotype 0.080 0.028 0.128 2.831 0.005
    LDL-C Body mass index 0.059 0.013 0.203 4.495 0.000

Age 0.020 0.004 0.314 5.284 0.000
    ApoA1 Height -0.029 0.013 -0.642 -2.120 0.035

Body mass index -0.106 0.049 -1.296 -2.168 0.031
    ApoB Genotype 0.034 0.017 0.088 2.029 0.043

Age 0.002 0.001 0.130 2.262 0.024
Waist circumference 0.005 0.002 0.200 2.631 0.009

Glucose 0.015 0.007 0.099 2.153 0.032
    ApoA1/ApoB Age -0.011 0.004 -0.133 -2.886 0.004

Waist circumference -0.024 0.010 -0.156 -2.386 0.017
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Mulao/male
    TC Age 0.014 0.004 0.160 3.348 0.001

Cigarette smoking 0.174 0.075 0.106 2.330 0.020
Glucose -0.146 0.064 -0.105 -2.280 0.023

    TG Waist circumference 0.019 0.008 0.150 2.337 0.020
    HDL-C Age 0.004 0.002 0.095 2.044 0.042

Alcohol consumption 0.144 0.030 0.215 4.807 0.000
Body mass index -0.216 0.108 -1.187 -1.992 0.047

Glucose -0.069 0.029 -0.105 -2.335 0.020
    LDL-C Age 0.008 0.003 0.118 2.440 0.015

Glucose -0.100 0.049 -0.095 -2.039 0.042
    ApoA1 Gender -0.083 0.038 -0.098 -2.182 0.030

Age 0.006 0.002 0.164 3.519 0.000
Alcohol consumption 0.145 0.025 0.256 5.731 0.000

Diastolic blood pressure 0.006 0.003 0.110 2.342 0.020
    ApoB Cigarette smoking 0.091 0.039 0.105 2.340 0.020

Pulse pressure 0.011 0.003 0.180 3.960 0.000
    ApoA1/ApoB Cigarette smoking -0.158 0.050 -0.141 -3.166 0.002

Alcohol consumption 0.145 0.044 0.148 3.316 0.001
Body mass index -0.339 0.157 -1.282 -2.151 0.032

Diastolic blood pressure 0.011 0.005 0.113 2.400 0.017
Mulao/female
    TC Genotype -0.283 0.104 -0.123 -2.725 0.007

Age 0.020 0.004 0.231 4.660 0.000
Pulse pressure 0.013 0.005 0.119 2.562 0.011

    TG Gender -0.164 0.057 -0.129 -2.884 0.004
Waist circumference 0.015 0.006 0.179 2.319 0.021

    HDL-C Waist circumference -0.005 0.004 -0.053 -1.136 0.025
Genotype 0.167 0.043 0.182 3.874 0.000

    LDL-C Genotype -0.200 0.070 -0.124 -2.855 0.005
Age 0.018 0.003 0.290 6.080 0.000

Pulse pressure 0.007 0.003 0.089 2.001 0.046
    ApoA1 Genotype -0.072 0.034 -0.098 -2.100 0.036

Age 0.003 0.001 0.101 1.981 0.048
    ApoB Genotype -0.091 0.045 -0.093 -2.043 0.042

Waist circumference 0.012 0.005 0.185 2.343 0.020
Glucose 0.072 0.029 0.115 2.470 0.014

    ApoA1/ApoB Body mass index -0.036 0.008 -0.206 -4.460 0.000
Cigarette smoking 0.345 0.112 0.144 3.093 0.002

Systolic blood pressure -0.002 0.001 -0.070 -1.373 0.017
Age -0.008 0.002 -0.197 -3.765 0.000

Genotype 0.057 0.032 -0.080 1.754 0.008
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.

serum lipid levels [41-45]. Although rice and 
corn are the staple foods for both ethnic groups; 
Mulao peoples have a typical habit of eating 
cold foods along with acidic and spicy dishes, 

local bean soy sauce, pickled vegetables and 
animal offal’s which contain abundant saturat-
ed fatty acid. Therefore, it is possible that the 
difference in dietary habit between Han and 
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Mulao ethnic groups partly contribute variabili-
ty in the effect of SPTY2D1 rs17579600 SNP 
on serum lipid levels.

It has been well-known that the males had high-
er serum levels of bad cholesterols and lower 
levels of good cholesterols than the females, 
especially in women before menopause [46]. 
On gender subgroup analysis, the genotype fre-
quencies between males and females were dif-
ferent both in Han and Mulao. The minor allele 
frequency was higher in males than females. 
Here, we found that the minor C allele of 
SPTY2D1 rs17579600 SNP had higher serum 
ApoA1 level and lower serum TC, LDL-C and 
ApoB levels than the C allele non-carriers just in 
Mulao males. In other words, the subjects with 
the minor C allele have more favorable lipid pro-
files than those with the C allele non-carriers 
but the minor C allele frequency was higher in 
males than females. The reason for this dis-
crepancy mainly attributed to the role of gonad-
al steroid hormones, estrogen especially [47-
49]. To the best of our knowledge, this study is 
the first attempt to report the gender specific 
association of SPTY2D1 rs17579600 SNP. 
Therefore, further studies with larger sample 
size are still needed to confirm this 
association.

Several environmental factors were also corre-
lated with serum lipid levels in males and 
females of both Han and Mulao populations. In 
the present study, The Han has significantly 
higher levels of body weight, BMI, waist circum-
ference, systolic blood pressure, diastolic blood 
pressure, pulse pressure, blood glucose and 
the levels of ApoB and lower the percentage of 
excessive alcohol consumption compared to 
the Han counterparts. Garcia-Palmieri et al. 
stated that diet and relative weight could 
account for up to 6% of the variability in serum 
cholesterol levels [41]. In particular, for every 
1-kg decrease in body weight, TG decreased by 
0.011 mmol/L and HDL-C increased by 0.011 
mmol/L [50]. Rimm et al. documented that con-
suming of 30 g of ethanol per day increased the 
concentrations of HDL-C by 3.99 mg/dl, ApoA1 
by 8.82 mg/dl, and TG by 5.69 mg/dl [51]. Yin 
et al. also showed that BMI and alcohol con-
sumption could interact with certain lipid-relat-
ed gene variants to modify the serum lipid lev-
els in Bai Ku Yao and Han Chinese ethnic 
groups [52, 53]. Therefore, the results of expo-
sure to different environmental factors may fur-

ther modify the effect of genetic variation on 
serum lipid levels in our study populations.

This study has some limitations. The sample 
size was relatively small compared to many 
GWAS and replication studies. Hence, further 
studies with larger sample sizes are needed to 
confirm our results. Secondly, we were not able 
to alleviate the effect of diet and several envi-
ronmental factors during the statistical analy-
sis. Thirdly, although we have detected the 
effects of SPTY2D1 rs17579600 SNP on serum 
lipid levels in this study, there are still many lip-
id-related SNPs and the interactions of SNP-
SNP and/or SNP-environmental factors. What’s 
more, the relevance of this finding has to be 
defined in further high caliber of studies includ-
ing incorporating the genetic information of 
SPTY2D1 rs17579600 SNP and in vitro func-
tional studies to confirm the impact of a variant 
on a molecular level.

Conclusion

In conclusion, the minor C allele frequency of 
the SPTY2D1 rs17579600 SNP is higher in 
Mulao than in Han but lower in females than in 
males. The minor C allele carriers in both ethnic 
groups and gender subgroups have more favor-
able serum lipid profiles than the C allele non-
carriers. These findings suggest that the asso-
ciation between the SPTY2D1 rs17579600 
SNP and serum lipid levels might have ethnic- 
and/or sex-specificity. 

Acknowledgements

This study was supported by the National 
Natural Science Foundation of China (No: 
30960130), and the Innovation Project of 
Guangxi Graduate Education.

Disclosure of conflict of interest

None.

Address correspondence to: Rui-Xing Yin, Depart- 
ment of Cardiology, Institute of Cardiovascular 
Diseases, The First Affiliated Hospital, Guangxi 
Medical University, Nanning 530021, Guangxi, 
China. E-mail: yinruixing@163.com

References

[1] Yazdanyar A and Newman AB. The burden of 
cardiovascular disease in the elderly: morbidi-

mailto:yinruixing@163.com


SPTY2D1 rs17579600 polymorphism and serum lipid traits

13007 Int J Clin Exp Pathol 2015;8(10):12995-13010

ty, mortality, and costs. Clin Geriatr Med 2009; 
25: 563-577.

[2] Pandya A, Gaziano TA, Weinstein MC and Cut-
ler D. More Americans living longer with cardio-
vascular disease will increase costs while low-
ering quality of life. Health Aff (Millwood) 2013; 
32: 1706-1714.

[3] Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, 
Blaha MJ, Cushman M, de Ferranti S, Després 
JP, Fullerton HJ, Howard VJ, Huffman MD, Judd 
SE, Kissela BM, Lackland DT, Lichtman JH, 
Lisabeth LD, Liu S, Mackey RH, Matchar DB, 
McGuire DK, Mohler ER 3rd, Moy CS, Muntner 
P, Mussolino ME, Nasir K, Neumar RW, Nichol 
G, Palaniappan L, Pandey DK, Reeves MJ, Ro-
driguez CJ, Sorlie PD, Stein J, Towfighi A, Turan 
TN, Virani SS, Willey JZ, Woo D, Yeh RW, Turner 
MB; American Heart Association Statistics 
Committee and Stroke Statistics Subcommit-
tee. Heart disease and stroke statistics--2015 
update: a report from the American Heart As-
sociation. Circulation 2015; 131: e29-322.

[4] Matthan NR, Zhu L, Pencina M, D’Agostino RB, 
Schaefer EJ and Lichtenstein AH. Sex-specific 
differences in the predictive value of choles-
terol homeostasis markers and 10-year cardio-
vascular disease event rate in Framingham 
Offspring Study participants. J Am Heart Assoc 
2013; 2: e005066.

[5] Lindman AS, Veierød MB, Tverdal A, Pedersen 
JI and Selmer R. Nonfasting triglycerides and 
risk of cardiovascular death in men and wom-
en from the Norwegian Counties Study. Eur J 
Epidemiol 2010; 25: 789-798.

[6] Orekhov AN, Bobryshev YV, Sobenin IA, Mel-
nichenko AA and Chistiakov DA. Modified low 
density lipoprotein and lipoprotein-containing 
circulating immune complexes as diagnostic 
and prognostic biomarkers of atherosclerosis 
and type 1 diabetes macrovascular disease. 
Int J Mol Sci 2014; 15: 12807-12841.

[7] Furtado JD, Campos H, Appel LJ, Miller ER, 
Laranjo N, Carey VJ and Sacks FM. Effect of 
protein, unsaturated fat, and carbohydrate in-
takes on plasma apolipoprotein B and VLDL 
and LDL containing apolipoprotein C-III: results 
from the OmniHeart Trial. Am J Clin Nutr 2008; 
87: 1623-1630.

[8] Chapman MJ, Ginsberg HN, Amarenco P, An-
dreotti F, Borén J, Catapano AL, Descamps OS, 
Fisher E, Kovanen PT, Kuivenhoven JA, Lesnik 
P, Masana L, Nordestgaard BG, Ray KK, Reiner 
Z, Taskinen MR, Tokgözoglu L, Tybjærg-Hansen 
A, Watts GF; European Atherosclerosis Society 
Consensus Panel. Triglyceride-rich lipoproteins 
and high-density lipoprotein cholesterol in pa-
tients at high risk of cardiovascular disease: 
evidence and guidance for management. Eur 
Heart J 2011; 32: 1345-1361.

[9] Hamon SC, Kardia SL, Boerwinkle E, Liu K, 
Klos KL, Clark AG and Sing CF. Evidence for 
consistent intragenic and intergenic interac-
tions between SNP effects in the APOA1/C3/
A4/A5 gene cluster. Hum Hered 2006; 61: 87-
96.

[10] Tamang HK, Timilsina U, Singh KP, Shrestha S, 
Raman RK, Panta P, Karna P, Khadka L and 
Dahal C. Apo B/Apo A-I Ratio is Statistically A 
Better Predictor of Cardiovascular Disease 
(CVD) than Conventional Lipid Profile: A Study 
from Kathmandu Valley, Nepal. J Clin Diagn 
Res 2014; 8: 34-36.

[11] Scott R, Donoghoe M, Watts GF, O’Brien R, 
Pardy C, Taskinen MR, Davis TM, Colman PG, 
Manning P, Fulcher G, Keech AC; FIELD Study 
Investigators. Impact of metabolic syndrome 
and its components on cardiovascular disease 
event rates in 4900 patients with type 2 diabe-
tes assigned to placebo in the FIELD ran-
domised trial. Cardiovasc Diabetol 2011; 10: 
102.

[12] Vishram JK, Borglykke A, Andreasen AH, Jeppe-
sen J, Ibsen H, Jørgensen T, Palmieri L, Giam-
paoli S, Donfrancesco C, Kee F, Mancia G, Ce-
sana G, Kuulasmaa K, Salomaa V, Sans S, 
Ferrieres J, Dallongeville J, Söderberg S, Ar-
veiler D, Wagner A, Tunstall-Pedoe H, Drygas 
W, Olsen MH; MORGAM Project. Correction: 
Impact of Age and Gender on the Prevalence 
and Prognostic Importance of the Metabolic 
Syndrome and Its Components in Europeans. 
The MORGAM Prospective Cohort Project. 
PLoS One 2015; 10: e0128848.

[13] Wald NJ, Simmonds M and Morris JK. Screen-
ing for future cardiovascular disease using age 
alone compared with multiple risk factors and 
age. PLoS One 2011; 6: e18742.

[14] Goh LG, Dhaliwal SS, Welborn TA, Lee AH and 
Della PR. Ethnicity and the association be-
tween anthropometric indices of obesity and 
cardiovascular risk in women: a cross-section-
al study. BMJ Open 2014; 4: e004702.

[15] Stephanie EC and Nancy R. Lifestyle-Based 
Prediction Model for the Prevention of CVD: 
The Healthy Heart Score. J Am Heart Assoc 
2014; 3: e000954.

[16] Weihua ML, Yougang W and Jing W. Reduced 
or modified dietary fat for preventing cardio-
vascular disease. J Cardiovasc Nurs 2013; 28: 
204-205.

[17] Booth FW, Roberts CK and Laye MJ. Lack of 
exercise is a major cause of chronic diseases. 
Compr Physiol 2012; 2: 1143-1211.

[18] Chum A and O’Campo P. Cross-sectional asso-
ciations between residential environmental 
exposures and cardiovascular diseases. BMC 
Public Health 2015; 15: 438.



SPTY2D1 rs17579600 polymorphism and serum lipid traits

13008 Int J Clin Exp Pathol 2015;8(10):12995-13010

[19] Thanassoulis G and Vasan RS. Genetic cardio-
vascular risk prediction: will we get there? Cir-
culation 2010; 122: 2323-2334.

[20] Thanassoulis G, Peloso GM, Pencina MJ, Hoff-
mann U, Fox CS, Cupples LA, Levy D, D’Agostino 
RB, Hwang SJ, O’Donnell CJ. A genetic risk 
score is associated with incident cardiovascu-
lar disease and coronary artery calcium: the 
Framingham Heart Study. Circ Cardiovasc Gen-
et 2012; 5: 113-121.

[21] Nelson TL, Vogler GP, Pedersen NL, Hong Y and 
Miles TP. Genetic and environmental influenc-
es on body fat distribution, fasting insulin lev-
els and CVD: are the influences shared? Twin 
Res 2000; 3: 43-50.

[22] Gehi AK, Lampert R, Veledar E, Lee F, Goldberg 
J, Jones L, Murrah N, Ashraf A and Vaccarino V. 
A twin study of metabolic syndrome and auto-
nomic tone. J Cardiovasc Electrophysiol 2009; 
20: 422-428.

[23] Rankinen T, Sarzynski MA, Ghosh S and 
Bouchard C. Are there genetic paths common 
to obesity, cardiovascular disease outcomes, 
and cardiovascular risk factors? Circ Res 
2015; 116: 909-922.

[24] Elder SJ, Lichtenstein AH, Pittas AG, Roberts 
SB, Fuss PJ, Greenberg AS, McCrory MA, 
Bouchard TJ Jr, Saltzman E and Neale MC. Ge-
netic and environmental influences on factors 
associated with cardiovascular disease and 
the metabolic syndrome. J Lipid Res 2009; 50: 
1917-1926.

[25] Becker F, van El CG, Ibarreta D, Zika E, Hogarth 
S, Borry P, Cambon-Thomsen A, Cassiman JJ, 
Evers-Kiebooms G, Hodgson S, Janssens AC, 
Kaariainen H, Krawczak M, Kristoffersson U, 
Lubinski J, Patch C, Penchaszadeh VB, Read A, 
Rogowski W, Sequeiros J, Tranebjaerg L, van 
Langen IM, Wallace H, Zimmern R, Schmidtke 
J and Cornel MC. Genetic testing and common 
disorders in a public health framework: how to 
assess relevance and possibilities. Back-
ground Document to the ESHG recommenda-
tions on genetic testing and common disor-
ders. Eur J Hum Genet 2011; 19: S6-44.

[26] Asselbergs FW, Guo Y, van Iperen EP, Siv-
apalaratnam S, Tragante V, Lanktree MB, 
Lange LA, Almoguera B, Appelman YE, Barnard 
J, Baumert J, Beitelshees AL, Bhangale TR, 
Chen YD, Gaunt TR, Gong Y, Hopewell JC, John-
son T, Kleber ME, Langaee TY, Li M, Li YR, Liu 
K, McDonough CW, Meijs MF, Middelberg RP, 
Musunuru K, Nelson CP, O’Connell JR, Padma-
nabhan S, Pankow JS, Pankratz N, Rafelt S, 
Rajagopalan R, Romaine SP, Schork NJ, Shaf-
fer J, Shen H, Smith EN, Tischfield SE, van der 
Most PJ, van Vliet-Ostaptchouk JV, Verweij N, 
Volcik KA, Zhang L, Bailey KR, Bailey KM, Bau-
er F, Boer JM, Braund PS, Burt A, Burton PR, 

Buxbaum SG, Chen W, Cooper-Dehoff RM, 
Cupples LA, deJong JS, Delles C, Duggan D, 
Fornage M, Furlong CE, Glazer N, Gums JG, 
Hastie C, Holmes MV, Illig T, Kirkland SA, Kivi-
maki M, Klein R, Klein BE, Kooperberg C, 
Kottke-Marchant K, Kumari M, LaCroix AZ, Mal-
lela L, Murugesan G, Ordovas J, Ouwehand 
WH, Post WS, Saxena R, Scharnagl H, Schrein-
er PJ, Shah T, Shields DC, Shimbo D, Sriniva-
san SR, Stolk RP, Swerdlow DI, Taylor HA Jr, 
Topol EJ, Toskala E, van Pelt JL, van Setten J, 
Yusuf S, Whittaker JC, Zwinderman AH; Life-
Lines Cohort Study, Anand SS, Balmforth AJ, 
Berenson GS, Bezzina CR, Boehm BO, Boer-
winkle E, Casas JP, Caulfield MJ, Clarke R, Con-
nell JM, Cruickshanks KJ, Davidson KW, Day 
IN, de Bakker PI, Doevendans PA, Dominiczak 
AF, Hall AS, Hartman CA, Hengstenberg C, Hill-
ege HL, Hofker MH, Humphries SE, Jarvik GP, 
Johnson JA, Kaess BM, Kathiresan S, Koenig 
W, Lawlor DA, März W, Melander O, Mitchell 
BD, Montgomery GW, Munroe PB, Murray SS, 
Newhouse SJ, Onland-Moret NC, Poulter N, 
Psaty B, Redline S, Rich SS, Rotter JI, Schun-
kert H, Sever P, Shuldiner AR, Silverstein RL, 
Stanton A, Thorand B, Trip MD, Tsai MY, van 
der Harst P, van der Schoot E, van der Schouw 
YT, Verschuren WM, Watkins H, Wilde AA, 
Wolffenbuttel BH, Whitfield JB, Hovingh GK, 
Ballantyne CM, Wijmenga C, Reilly MP, Martin 
NG, Wilson JG, Rader DJ, Samani NJ, Reiner 
AP, Hegele RA, Kastelein JJ, Hingorani AD, Tal-
mud PJ, Hakonarson H, Elbers CC, Keating BJ 
and Drenos F. Large-scale gene-centric meta-
analysis across 32 studies identifies multiple 
lipid loci. Am J Hum Genet 2012; 91: 823-838.

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



SPTY2D1 rs17579600 polymorphism and serum lipid traits

13009 Int J Clin Exp Pathol 2015;8(10):12995-13010

G, Oostra BA, O’Donnell CJ, Nieminen MS, 
Nickerson DA, Montgomery GW, Meitinger T, 
McPherson R, McCarthy MI, McArdle W, Mas-
son D, Martin NG, Marroni F, Mangino M, Mag-
nusson PK, Lucas G, Luben R, Loos RJ, Lokki 
ML, Lettre G, Langenberg C, Launer LJ, Lakatta 
EG, Laaksonen R, Kyvik KO, Kronenberg F, 
König IR, Khaw KT, Kaprio J, Kaplan LM, Jo-
hansson A, Jarvelin MR, Janssens AC, Ingels-
son E, Igl W, Kees Hovingh G, Hottenga JJ, Hof-
man A, Hicks AA, Hengstenberg C, Heid IM, 
Hayward C, Havulinna AS, Hastie ND, Harris 
TB, Haritunians T, Hall AS, Gyllensten U, Gui-
ducci C, Groop LC, Gonzalez E, Gieger C, Fre-
imer NB, Ferrucci L, Erdmann J, Elliott P, Ejebe 
KG, Döring A, Dominiczak AF, Demissie S, De-
loukas P, de Geus EJ, de Faire U, Crawford G, 
Collins FS, Chen YD, Caulfield MJ, Campbell H, 
Burtt NP, Bonnycastle LL, Boomsma DI, Boek-
holdt SM, Bergman RN, Barroso I, Bandinelli S, 
Ballantyne CM, Assimes TL, Quertermous T, 
Altshuler D, Seielstad M, Wong TY, Tai ES, Fera-
nil AB, Kuzawa CW, Adair LS, Taylor HA Jr, 
Borecki IB, Gabriel SB, Wilson JG, Holm H, 
Thorsteinsdottir U, Gudnason V, Krauss RM, 
Mohlke KL, Ordovas JM, Munroe PB, Kooner 
JS, Tall AR, Hegele RA, Kastelein JJ, Schadt EE, 
Rotter JI, Boerwinkle E, Strachan DP, Mooser V, 
Stefansson K, Reilly MP, Samani NJ, Schunkert 
H, Cupples LA, Sandhu MS, Ridker PM, Rader 
DJ, van Duijn CM, Peltonen L, Abecasis GR, 
Boehnke M and Kathiresan S. Biological, clini-
cal and population relevance of 95 loci for 
blood lipids. Nature 2010; 466: 707-713.

[28] Jeemon P, Pettigrew K, Sainsbury C, Prabha-
karan D and Padmanabhan S. Implications of 
discoveries from genome-wide association 
studies in current cardiovascular practice. 
World J Cardiol 2011; 3: 230-247.

[29] Novoseler M, Hershkovits G and Katcoff DJ. 
Functional domains of the yeast chromatin 
protein Sin1p/Spt2p can bind four-way junc-
tion and crossing DNA structures. J Biol Chem 
2005; 280: 5169-5177.

[30] Bhat W, Boutin G, Rufiange A and Nourani A. 
Casein kinase 2 associates with the yeast 
chromatin reassembly factor Spt2/Sin1 to reg-
ulate its function in the repression of spurious 
transcription. Mol Cell Biol 2013; 33: 4198-
4211.

[31] Osakabe A, Tachiwana H, Takaku M, Hori T, 
Obuse C, Kimura H, Fukagawa T and Kuru-
mizaka H. Vertebrate Spt2 is a novel nucleolar 
histone chaperone that assists in ribosomal 
DNA transcription. J Cell Sci 2013; 126: 1323-
1332.

[32] Guo T, Yin RX, Chen X, Bin Y, Nie RJ and Li H. 
Sex-specific association of the SPTY2D1 
rs7934205 polymorphism and serum lipid lev-
els. Int J Clin Exp Pathol 2015; 8: 665-681.

[33] Xu L, Deng QY, Li SF, Zhou LN, Gong JC and Wei 
BY. Genetic analysis of Mulao nationality using 
15 short tandem repeats. Zhonghua Yi Xue Yi 
Chuan Xue Za Zhi 2008; 25: 96-100.

[34] Legato MJ. Gender and the heart: sex-specific 
differences in normal anatomy and physiology. 
J Gend Specif Med 2000; 3: 15-18.

[35] Legato MJ. Postpartum depression and gen-
der-specific justice. J Gend Specif Med 2002; 
5: 7-8.

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

[37] Guo T, Yin RX, Wu J, Lin QZ, Shi GY, Shen SW, 
Sun JQ, Li H, Lin WX and Yan DZ. Association of 
the angiopoietin-like protein 8 rs2278426 
polymorphism and several environmental fac-
tors with serum lipid levels. Mol Med Rep 
2015; 12: 3285-3296.

[38] Guo T, Yin RX, Li H, Wang YM, Wu JZ and Yang 
DZ. Association of the Trp316Ser variant 
(rs1801690) near the apolipoprotein H (β2-
glycoprotein-I) gene and serum lipid levels. Int 
J Clin Exp Pathol 2015; 8: 7291-7304.

[39] Guo T, Yin RX, Nie RJ, Chen X, Bin Y and Lin WX. 
Suppressor of cytokine signaling 3 A+930-->G 
(rs4969168) polymorphism is associated with 
apolipoprotein A1 and low-density lipoprotein 
cholesterol. Int J Clin Exp Pathol 2015; 8: 
7305-7317. 

[40] Bermudez OI, Velez-Carrasco W, Schaefer EJ 
and Tucker KL. Dietary and plasma lipid, lipo-
protein, and apolipoprotein profiles among el-
derly Hispanics and non-Hispanics and their 
association with diabetes. Am J Clin Nutr 
2002; 76: 1214-1221.

[41] Garcia-Palmieri MR, Tillotson J, Cordero E, Cos-
tas R Jr, Sorlie P, Gordon T, Kannel WB and Co-
lon AA. Nutrient intake and serum lipids in ur-
ban and rural Puerto Rican men. Am J Clin 
Nutr 1977; 30: 2092-2100. 

[42] Solá R, Fitó M, Estruch R, Salas-Salvadó J, 
Corella D, de La Torre R, Muñoz MA, López-
Sabater Mdel C, Martínez-González MA, Arós F, 
Ruiz-Gutierrez V, Fiol M, Casals E, Wärnberg J, 
Buil-Cosiales P, Ros E, Konstantinidou V, Lape-
tra J, Serra-Majem L and Covas MI. Effect of a 
traditional Mediterranean diet on apolipopro-
teins B, A-I, and their ratio: a randomized, con-
trolled trial. Atherosclerosis 2011; 218: 174-
180.

[43] Valente EA, Sheehy ME, Avila JJ, Gutierres JA, 
Delmonico MJ and Lofgren IE. The effect of the 
addition of resistance training to a dietary edu-
cation intervention on apolipoproteins and diet 
quality in overweight and obese older adults. 
Clin Interv Aging 2011; 6: 235-241.



SPTY2D1 rs17579600 polymorphism and serum lipid traits

13010 Int J Clin Exp Pathol 2015;8(10):12995-13010

[44] Watts GF, Jackson P, Burke V and Lewis B. Di-
etary fatty acids and progression of coronary 
artery disease in men. Am J Clin Nutr 1996; 
64: 202-209. 

[45] Grundy SM and Denke MA. Dietary influences 
on serum lipids and lipoproteins. J Lipid Res 
1990; 31: 1149-1172. 

[46] Predazzi IM, Sobota RS, Sanna S, Bush WS, 
Bartlett J, Lilley JS, Linton MF, Schlessinger D, 
Cucca F, Fazio S and Williams SM. Sex-Specific 
Parental Effects on Offspring Lipid Levels. J Am 
Heart Assoc 2015; 4: e001951.

[47] Nicot A. Gender and sex hormones in multiple 
sclerosis pathology and therapy. Front Biosci 
(Landmark Ed) 2009; 14: 4477-4515.

[48] Wang HH, Liu M, Clegg DJ, Portincasa P and 
Wang DQ. New insights into the molecular 
mechanisms underlying effects of estrogen on 
cholesterol gallstone formation. Biochim Bio-
phys Acta 2009; 1791: 1037-1047.

[49] Tomaszewski M, Charchar FJ, Maric C, Kuznie-
wicz R, Gola M, Grzeszczak W, Samani NJ and 
Zukowska-Szczechowska E. Association be-
tween lipid profile and circulating concentra-
tions of estrogens in young men. Atherosclero-
sis 2009; 203: 257-262.

[50] Yu-Poth S, Zhao G, Etherton T, Naglak M, Jon-
nalagadda S and Kris-Etherton PM. Effects of 
the National Cholesterol Education Program’s 
Step I and Step II dietary intervention pro-
grams on cardiovascular disease risk factors: 
a meta-analysis. Am J Clin Nutr 1999; 69: 632-
646.

[51] Rimm EB, Williams P, Fosher K, Criqui M and 
Stampfer MJ. Moderate alcohol intake and 
lower risk of coronary heart disease: meta-
analysis of effects on lipids and haemostatic 
factors. BMJ 1999; 319: 1523-1528. 

[52] Yin RX, Wu DF, Miao L, Aung LH, Cao XL, Yan TT, 
Long XJ, Liu WY, Zhang L and Li M. Several ge-
netic polymorphisms interact with overweight/
obesity to influence serum lipid levels. Cardio-
vasc Diabetol 2012; 11: 123.

[53] Yin RX, Wu DF, Miao L, Htet Aung LH, Cao XL, 
Yan TT, Long XJ, Liu WY, Zhang L and Li M. In-
teractions of several single nucleotide poly-
morphisms and high body mass index on se-
rum lipid traits. Biofactors 2013; 39: 315-325.


