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Abstract: The objective of the present study was to detect the association of the rs7934205 single nucleotide poly-
morphism (SNP) near the Suppressor of Ty, domain containing 1 gene (SPTY2D1) and serum lipid levels between
males and females in the Mulao and Han populations. Genotyping of SPTY2D1 rs7934205 SNP was performed in
933 of Mulao and 865 of Han participants using polymerase chain reaction and restriction fragment length poly-
morphism. The T allele frequency was different between Mulao males and females (23.2% vs. 27.9%, P = 0.018).
The genotype and allele frequencies were also different between Han males and females (P = 0.020 and P = 0.004;
respectively). Serum levels of apolipoprotein (Apo) A1 in Mulao males; and total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), ApoAl and ApoB in Mulao females were different between the CC and
CT/TT genotypes (P < 0.05). Serum TC, ApoB levels in Han males, and ApoB levels in Han females were different
between the CC and CT/TT genotypes (P < 0.05). The subjects with CT/TT genotype in both Mulao and Han males
and females have more favorable lipid profiles than those with CC genotype. These findings suggest that the as-
sociation between the SPTY2D1 rs7934205 SNP and serum lipid levels might have ethnic- and/or sex-specificity.
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Introduction

Since the beginning of the 21st century, China
has made progress in prevention and control of
chronic non-communicable diseases, however
there are still large action gaps in implementa-
tion [1] especially cardiovascular diseases
(CVD), and the leading cause of mortality is
increasing at an alarming rate in China [2]. Both
dyslipidemia and sex have been demonstrated
as the potential of CVD risk factors for a long
time [3, 4]. Dyslipidemia management is one of
the most important strategies for the preven-
tion of CVD and has been shown to reduce car-
diovascular risk in both men and women [5, 6].
However, the striking differences in lipid and
lipoprotein metabolism between men and
women bring a significant issue to the manage-
ment and prognosis of CVD [7, 8]. Previous
studies suggest that when their access to lipid-
lowering treatment is similar to that of men,
women are more likely to reach their lipid treat-
ment goal than men especially in high risk

groups [9-12]. The relative risk of CVD in sub-
jects with high plasma triglyceride (TG) levels is
higher in women than in men. Moreover, chang-
es of TG or high-density lipoprotein cholesterol
(HDL-C) in women are better predicators of CVD
risk than those of total cholesterol (TC) or low-
density lipoprotein cholesterol (LDL-C) [13]. It
has also reported that regulating serum TG and
HDL-C level is more essential in women than in
men [14]. However, the reason for these differ-
ences concerned with gender is not yet fully
understood. It may be due to 1) certain genes
which are expressed in sexually dimorphic man-
ner; 2) sexual hormones which determine phe-
notypic variations; and/or 3) difference in envi-
ronmental factors [7, 8, 15]. Therefore, the
understanding of sex-specific association
between SNPs and serum lipid levels is crucial
for improving lipid control in personalized
medicine.

Recently, several genome wide association
studies (GWAS) have reported the association
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Table 1. Comparison of demographic, lifestyle characteristics and serum lipid
levels between the Mulao and Han populations

has identified the
rs10128711 SNP in
the introns region of

Parameter Mulao Han t (X?) P
Number 933 365 SPTY2D1 qs .LDL-C-
Male/female 466,467 436/429 0038 o0gae 'ciated loci in Eur-
opean populations
Age (years) 4763 +12.72 4758 +13.37 0.088 0.930 [16, 17]. However,
Height (cm) 156.52 +7.46 156.62+ 752 -0.290 0.772 whether  SPTY2D1
Weight (kg) 52.65 + 8.41 55.20+£9.51 -5.993 0.000 rs7934205 SNP is
Body mass index (kg/m?) 21.45+283 2243+3.04 -7.064 0.000 associated with se-
Waist circumference 73.89 + 7.93 76.21 £ 8.19 -6.109 0.000 rum lipid levels or
Cigarette smoking (n %) whether it exhibits
Nonsmoker 651 (69.77) 590 (68.21) sex specific associa-
< 20 cigarettes/day 238 (25.51) 219 (25.32) 2.660 0.264  tion like the previ-
> 20 cigarettes/day 44 (4.72) 56 (6.47) ously reported SPT-
Alcohol consumption [n (%)] Y2Dj1 SNPs remains
Nondrinker 685 (73.42) 608 (70.29) elusive.
< 25 g/day 172 (18.43) 188 (21.73) 3.067 0.216 Among 56 ethnic
> 25 g/day 76 (8.15) 69 (7.98) groups in China, Han
Systolic blood pressure (mmHg) 117.15 + 11.67 128.16 + 18.55 -14.927 0.000 is the largest one.
Diastolic blood pressure (mmHg) 75.99 +7.32 82.26 + 11.07 -14.054 0.000 Mulao, on the other
Pulse pressure (mmHg) 4116 +9.82 4590+ 13.58 -8.418 0.000 hand, is one of the
Glucose 5.44 + 0.76 583+150 -6.899 0.000  Mminorities with a
Total cholesterol (mmol/L) 4.91 +1.09 506+1.12 -2.715 0.007  Population of 207,
Triglyceride (mmol/L) 1.01 (0.75) 111(0.78)  -4207 0000  352accordingtothe
HDL-C (mmol/L) 180+045  173+053 3283 0001  Chinasfifth national
LDL-C (mmol/L) 203+0.79 2894086 1097 0273 census in 2000
Apolipoprotein (Apo) Al (g/L) 1.37 £0.39 1.36 £ 0.25 0.531 0.595 ﬁzfggﬁltma;?y :/::gz
ApoB (g/L) 0.94 £ 0.52 0.87 £ 0.21 4.024 0.000 peoples are dwelling
ApoAl1/ApoB 1.72+1.11 1.78 + 2.45 -0.730 0.466 in the Luocheng
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. The value Mulao Autonomous
of triglyceride was presented as median (interquartile range). The difference between the two County, Guangxi

ethnic groups was determined by the Wilcoxon-Mann-Whitney test.

of many single nucleotide polymorphisms
(SNPs) near the Suppressor of Ty, domain con-
taining 1 (S. cerevisiae) gene (SPTY2D1) locat-
ed in chromosome 11 coding Protein SPT2
homolog with one or more lipid traits [16-18]
though the biological function of SPT2 in lipid
metabolism is unknown. The common variant
of SPTY2D1 is a new studied genetic variant in
humans. The interest in this polymorphism is
two-fold. First, the functional diversity of the
SPTY2D1 polymorphism appears to be a unique
signature of humans. Understanding the func-
tional diversity of the SPTY2D1 gene, thus, can
help in gaining insights on human evolution.
Second, the SPTY2D1 polymorphism may be of
potential fundamental interest for geriatrics
and gerontology because of its potential pro-
found role in human diseases in late (post-
reproductive) life and lifespan. Previous study
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Zhuang Autonomous

Region. “Ling”, “Jin”
and “Bendiren” are local alternative names for
Mulao ethnic group. Historical data trace the
history of this ethnic minority back to the Jin
Dynasty (AD 265-420). Mulao nationality is a
relatively conservative and isolated minority,
and preserves their custom of intra-ethnic mar-
riage. Interestingly, they have their culture of
consanguineous marriage to cousins of mater-
nal side, suggesting that the genetic back-
ground of Mulao population may be less het-
erogeneous within the population. The Mulao
peoples are the descendants of the ancient
“Baiyue tribe” in southern China and ethnically
related to the neighboring ethnic groups. The
recent molecular anthropological data showed
that Mulao has much closer genetic relation-
ship with the other minorities in Guangxi than
with the Han nationality [19]. In addition, sev-
eral previous studies have revealed that the
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Table 2. Comparison of demographic, lifestyle characteristics and serum lipid levels between males

and females of the Mulao and Han populations

Parameter Mulao (n = 933) Han (n = 865)
Male Female Male Female

Number [n (%)] 466 (49.9) 467 (50.1) 436 (50.4) 429 (49.6)

Age (years) 47.32 +12.33 4794 + 13.11 47.05 +13.11 48.11 + 13.63

Height (cm) 161.20 + 5.90 151.84 + 5.732 161.46 £ 6.03 151.70 + 5.39°

Weight (kg) 56.35 + 7.73 48.97 + 7.37° 59.95 + 9.32 50.37 £ 6.90°

Body mass index (kg/m?) 21.68 £ 2.70 21.23 +2.94¢ 22.96 £ 3.04 21.90 £ 2.952

Waist circumference (cm) 75.30 £ 8.04 7247 + 7.57° 78.86 + 8.32 73.52 +7.12°
Systolic blood pressure (mmHg) 118.23+11.16 116.08 + 12.08° 132.31 +18.183 123.94 + 17.97°
Diastolic blood pressure (mmHg) 77.29 £ 7.05 74.70 £ 7.36° 84.41 + 10.99 80.08 £ 10.73?
Pulse pressure (mmHg) 40.94 +9.33 41.38 + 10.30 47.90 + 14.29 43.86 + 12.50?
Cigarette smoking [n (%)]

Nonsmoker 185 (39.7) 466 (99.8) 169 (38.8) 421 (98.1)

< 20 cigarettes/day 237 (50.9) 1(0.2) 211 (48.4) 8(1.9)

> 20 cigarettes/day 44 (9.4) 0 (0) 56 (12.8) 0 (0)?
Alcohol consumption [n (%)]

Nondrinker 223 (47.9) 462 (98.9) 184 (42.2) 424 (98.8)

<25 g/day 169 (36.3) 3(0.6) 184 (42.2) 4(0.9)

> 25 g/day 74 (15.9) 2(0.4) 68 (15.6) 1(0.2)
Blood glucose (mmol/L) 5.45 +0.75 5.43 +0.77 5.81+ 1.66 5.85 +1.32
Total cholesterol (mmol/L) 5.02 +1.04 4.81 +1.14° 5.31+1.13 4.80 + 1.06°
Triglyceride (mmol/L) 1.01 (0.77) 1.00 (0.74)° 1.28 (0.85) 0.97 (0.71)2
HDL-C (mmol/L) 1.77 £ 0.49 1.83 £ 0.40° 1.68 £ 0.45 1.77 £ 0.60°
LDL-C (mmol/L) 2.96 £ 0.79 2.90 +0.80 2.99 + 0.85 2.78 + 0.86°
Apolipoprotein (Apo) Al (g/L) 1.34 +0.41 1.39 + 0.36° 1.34 + 0.26 1.38 + 0.24°
ApoB (g/L) 0.98 £ 0.55 0.91 +0.49 0.93+0.21 0.80 £ 0.19°2
ApoAl/ApoB 1.60 £ 0.71 1.83 +£1.39° 1.50 £ 0.45 2.06 + 3.43"

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. The quantitative variables were pre-
sented as mean + standard deviation and the difference between the groups was determined by the t-test. The values of
triglyceride were presented as median (interquartile range), and the difference between the groups was determined by the
Wilcoxon-Mann-Whitney test. The difference in percentage of cigarette smoking and alcohol consumption between the groups
was determined by x*test. P < 0.001 in comparison with males from the same ethnic group. °P < 0.01 in comparison with
males from the same ethnic group. °P < 0.05 in comparison with males from the same ethnic group.

associations of variants in several lipid-related
genes and serum lipid levels are significantly
different between the Mulao and Han popula-
tions and their gender subgroups [20-22]. This
study, therefore, was undertaken to detect the
association of SPTY2D1 rs7934205 SNP and
several environmental factors with serum lipid
levels between males and females in the Mulao
and Han populations.

Materials and methods
Subjects

Two groups of study population including 933
unrelated participants (466 males, 49.9% and
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467 females, 50.1%) of Mulao and 865 unre-
lated subjects (436 males, 50.45% and 429
females, 49.6%) of Han were randomly select-
ed from our previous stratified randomized
samples [13, 14]. All participants were agricul-
tural workers from Luocheng Mulao Auto-
nomous County, Guangxi Zhuang Autonomous
region, People’s Republic of China. The partici-
pants’ age ranged from 15 to 80 years with the
mean age of 47.32 + 12.33 years in Mulao
males and 47.94 + 13.11 years in Mulao
females, and 47.05 + 13.11 years in Han males
and 48.11 + 13.63 years in Han females;
respectively. The age distribution and gender
ratio were matched between the two groups. All
participants were essentially healthy with no
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Figure 1. Electrophoresis of PCR products and genotyping of the SPTY2D1 rs7934205 SNP. A. Lane M, 100 bp
marker ladder; lanes 1-6, 541-bp band of PCR products. B. Lane M, 100 bp marker ladder; lanes 1 and 2, TT
genotype (541-bp); lanes 3 and 4, CT genotype (541-, 378- and 163-bp); and lanes 5 and 6, CC genotype (378- and
163-bp).

history of CVD such as coronary artery disease
(CAD) and stroke, diabetes, hyper- or hypo-thy-
roids, 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 University.

Epidemiological survey

The epidemiological survey was carried out
using internationally standardized methods,
following a common protocol [13, 14]. 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
[20-22].
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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) Al
and ApoB levels were assessed by the immune
turbid metric immunoassay [23, 24].

Genotyping

Genomic DNA was isolated from peripheral
blood leukocytes using the phenol-chloroform
method [20-22]. The SPTY2D1 rs7934205 SNP
was genotyped by polymerase chain reaction
and restriction fragment length polymorphism
(PCR-RFLP). PCR amplification was performed
using 5’-GCCTACTCCAGTTTCTTCA-3’ as the for-
ward and 5-CACCCATTTCAGATACCTTCA-3’ as
reversed primer pair. Each amplification reac-
tion was performed in a total volume of 25 I,
12.5 pl of 2 x Taq PCR MasterMix (constituent:
0.1 U Taq polymerase/ul, 500 yM dNTP each
and PCR buffer) and nuclease-free water 8.5 pl,
20 pmol/L of each primer and 100 ng of
genomic DNA, processing started with 5 min of

Int J Clin Exp Pathol 2015;8(1):665-681



SPTY2D1 rs7934205 polymorphism and serum lipid levels
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Figure 2. A part of the nucleotide sequences of the SPTY2D1 rs7934205 SNP by direct sequencing. A. TT genotype.

B. CT genotype. C. CC genotype.

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 yl of amplified DNA, 8 pl of nuclease-
free water, 1 yl of 10 x buffer solutions, and 10
U of ‘Hinc II' enzyme in a total volume of 20 pl
digested at 37°C overnight. After restriction
enzyme digestion of the amplified DNA, the
digestive products were separated by electro-
phoresis on 2% agrose 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 sequ-
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encing. 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, ApoAl and ApoB levels, and the ratio of
ApoAl 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 [25, 26].

Statistical analysis
The statistical analyses were performed with

the statistical software package SPSS 17.0

Int J Clin Exp Pathol 2015;8(1):665-681
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Table 3. Comparison of the genotype and allele frequencies of the
SPTY2D1 rs7934205 SNP between males and females of the Mulao

and Han populations

els of body weight, BMI,
waist circumference, sys-
tolic blood pressure, dia-

Grou ) Genotype Allele stollic blood prlessure,
p oC T T C - pulse pressure, glucose,
serum TC and TG levels

Mulao 933 551 (59.1) 287 (30.8) 95(10.2) 1389 (74.4) 477 (25.6) were lower in Mulao than
Han 865 482 (55.7) 301(34.8) 82(9.5) 1265 (73.1) 465 (26.9) in Han (P < 0.05-0.001),
X2 - 3.330 0.804 whereas the levels of
P 0.189 0.370 HDL-C and ApoB was high-
Mulao er in Mulao than in Han (P

Male 466 288 (61.8) 140(30.0) 38(8.2)
Female 467 263 (56.3) 147 (31.5) 57 (12.2)

X2 5.104
P 0.078
Han

Male 436 263(60.3) 138(31.7) 35(8.0)
Female 429 219 (51.0) 163 (38.0) 47 (11.0)
X2 7.793
P 0.020

716 (76.8) 216 (23.2)
673 (72.1) 261(27.9)

664 (76.1) 208 (23.9)
601 (70.0) 257 (30.0)

< 0.05-0.001). There were
no significant differences
in the gender ratio, age
structure, body height, the
percentage of cigarette
smoking and alcohol con-
sumption, serum LDL-C
and ApoAl levels and the

5.574
0.018

(SPSS Inc., Chicago, lllinois). 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 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 cova-
riance (ANCOVA). Age, sex, BMI, smoking, and
alcohol consumption were adjusted for the sta-
tistical analysis. Multivariable linear regression
analyses with stepwise modeling were used to
determine the correlation between genotypes
(CC=1,CT=2,TT = 3) or alleles (the T allele
non-carrier = 1, the T allele carrier = 2) and sev-
eral environmental factors with serum lipid lev-
els in males and females of Mulao and Han
populations. Two sided P value < 0.05 was con-
sidered statistically significant.

Results

General and biochemical characteristics of the
subjects

The comparison of general characteristics and
serum lipid levels between the Mulao and Han
populations is summarized in Table 1. The lev-
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8.188 ApoA1/ApoB ratio between
0.004 the two ethnic groups (P >
0.05 for all).

Table 2 compares the general characteristics
and serum lipid profiles between males and
females in Mulao and Han ethnic groups. The
values of height, weight, BMI, waist circumfer-
ence, systolic blood pressure, diastolic blood
pressure, and the percentages of subjects ciga-
rette smoking were different between men and
women in both ethnic groups (P < 0.05-0.001).
The values of pulse pressure were different
between men and women in Han (P < 0.001)
but not in Mulao. Overall, men had higher val-
ues of general characteristic parameters than
women in both ethnic groups. In Mulao, men
had higher serum TC and TG levels, and lower
HDL-C and ApoA1 levels and ApoAl/ApoB ratio
than the women (P < 0.05-0.01). In Han, males
had higher TC, TG, LDL-C and ApoB levels, and
lower LDL-C and ApoB levels and ApoAl/ApoB
ratio than the females (P < 0.05-0.001).

Results of genotyping

After the genomic DNA of the samples was
amplified by PCR, the purpose gene of 541-bp
nucleotide sequences could be seen in all sam-
ples (Figure 1A). 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
(541-bp), CT genotype is heterozygote for the
presence and absence of the site (541-, 378-
and 163-bp) and CC genotype is homozygote

Int J Clin Exp Pathol 2015;8(1):665-681



SPTY2D1 rs7934205 polymorphism and serum lipid levels

Table 4. Comparison of the genotypes and serum lipid levels in the Mulao and Han populations

Ethnic TC TG HDL-C LDL-C Apo Al ApoB ApoAl/
Genotype (mmol/L) (mmol/L) (mmol/L) (mmol/L) (g/L) (g/L) ApoB
Mulao
CcC 551 498+ 1.08 1.03(0.77) 1.82+0.49 296+0.82 1.39+0.40 096+0.52 1.74+1.30
CT/TT 382 4.82+1.10 0.99(0.73) 1.78+0.38 2.88+0.75 1.33+0.38 0.92+0.52 1.63+0.78
F 2.127 -1.078 1.190 1.427 2.343 0.938 0.731
P 0.034 0.281 0.234 0.154 0.019 0.348 0.465
Han
cc 482 511+1.21 1.14(0.80) 1.75+0.59 290+0.88 1.37+0.26 0.88+0.23 1.69+0.84
CT/TT 383 4.98+1.00 1.07(0.76) 1.70+0.45 2.86+0.84 1.35+0.24 0.86+0.19 1.89+0.56
F 1.677 -1.279 1.202 0.748 1.109 1.197 -1.151
P 0.094 0.201 0.230 0.455 0.268 0.232 0.250

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1, Apolipoprotein Al; ApoB, Apolipoprotein B; ApoA1l/ApoB, the ratio of Apolipoprotein Al 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 5. Comparison between the SPTY2D1 rs7934205 genotypes and serum levels in the males and
females of the Mulao and Han populations

Genotype  n (mrzgl/L) (mr‘rTﬁI/L) (;nlilgl(/:u (n:r‘lilc_)l(/:L) A(Z(/)ﬁ)l /(\gp/OLE)3 ApoA/ApoB
Mulao/Male
CcC 288 5.05+1.06 1.03(0.78) 1.76 £+0.36 2.96+0.69 1.30+0.41 0.99+0.56 1.54 +0.69
CT/TT 178 4.97 £1.01 1.00(0.75) 1.78 +0.56 2.95+0.84 1.37+0.41 0.97 £+0.53 1.64+0.73
F 1.209 0.024 0.005 0.043 4.761 0.029 1.076
P 0.272 0.877 0.945 0.836 0.030 0.865 0.300
Mulao/Female
CC 263 490+1.11 1.03(0.74) 1.81+0.40 296+0.81 1.36+0.35 0.94+0.51 1.81+0.83
CT/TT 204 4.69+1.16 0.99(0.73) 1.85+0.41 2.82+0.79 1.42+0.38 0.87+0.44 185+1.71
F 7.428 8.315 2.577 8.151 4.409 4.175 0.007
P 0.007 0.004 0.109 0.005 0.036 0.042 0.935
Han/Male
CC 263 541 +1.27 1.37(0.94) 167 +0.45 3.06+0.91 1.34+0.28 0.96+0.23 1.48+0.44
CT/TT 173 5.16+0.86 1.15(0.78) 1.69+0.46 2.88+0.74 1.34+0.24 0.90+0.17 1.54+0.48
F 7.027 2.014 0.729 3.269 0.194 7.449 2.214
P 0.008 0.157 0.394 0.071 0.660 0.007 0.138
Han/Female
CcC 219 4.84+1.08 1.00(0.75) 1.73+0.45 2.84+0.91 1.36+0.24 0.82+0.19 2.17+4.78
CT/TT 210 4.76+1.04 0.95(0.67) 1.81+0.71 2.72+0.80 1.40+0.24 0.78+0.19 196+ 1.10
F 0.146 0.002 2.655 0.927 2.396 4.118 0.487
P 0.702 0.960 0.104 0.336 0.122 0.043 0.486

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1, apolipoprotein Al; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein Al to apolipoprotein B. The values of
triglyceride were presented as median (interquartile range), and their difference among the genotypes was determined by the
Kruskal-Wallis test or the Wilcoxon-Mann-Whitney test.

for the presence of the site (378- and 163-bp;
Figure 1B). The TT, CT and CC genotypes
detected by PCR-RFLP were also confirmed by

direct sequencing (Figure 2).
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Genotypic and allelic frequencies

As shown in Table 3, the genotype and allele
frequencies of SPTY2D1 rs7934205 SNP were

Int J Clin Exp Pathol 2015;8(1):665-681
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Table 6. Correlation between the genotypes/alleles of the SPTY2D1 rs7934205 SNP and serum lipid
levels between males and females of the Mulao and Han populations

Genotype Unstandardized

Standard Standardized

Lipid /allele coefficient error coefficient t P
Mulao plus Han

ApoAl Allele -0.085 0.042 -0.057 -2.013 0.044
Mulao/Male

TC Genotype -0.181 0.088 -0.293 -2.052 0.041

HDL-C Genotype 0.200 0.099 0.153 2.019 0.044

LDL-C Genotype 0.186 0.084 0.227 2.200 0.028

TC Allele -0.140 0.067 -0.300 -2.102 0.036
Mulao/Female

TG Genotype -0.128 0.057 -0.116 -2.262 0.024

TG Allele -0.090 0.040 -0.115 -2.258 0.024
Han

ApoAl1/ApoB Genotype 0.025 0.010 0.091 2.369 0.018
Han/Female

ApoB Genotype 1.348 0.395 0.385 3.412 0.001

ApoAl/ApoB Genotype 0.037 0.011 0.189 3.356 0.001

ApoB Allele 0.715 0.296 0.277 2.419 0.016

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

ApoA1l, apolipoprotein Al; ApoB, apolipoprotein B.

not different between the Mulao and Han popu-
lations (P > 0.05 for each). The genotype fre-
quencies of rs7934205 SNP agreed with the
Hardy-Weinberg equilibrium in both popula-
tions (P > 0.05 for each). Gender-subgroup
analysis showed that the genotype frequencies
of rs7934205 SNP between males and females
were different in Han (P < 0.005) but not in
Mulao. The allele frequencies were different
between Mulao males and females (C, 76.8%
vs. 72.1%; T, 23.2% vs. 27.9%, P = 0.018). The
genotype and allele frequencies were signifi-
cantly different between Han males and
females (CC, 60.3% vs. 51.0%; CT, 31.7% vs.
38.0%, TT, 8.0% vs. 11.0%, P=0.020; C, 76.1%
vs. 70.0%; T, 23.9% vs. 30.0%, P = 0.004).

Genotypes and serum lipid levels

Tables 4 and 5 describe the association
between genotypes and serum lipid levels.
Serum TC and ApoAl levels in Mulao were dif-
ferent among the genotypes (P < 0.05 for each),
the T allele carriers had lower serum TC and
ApoA1l levels than the T allele non-carriers.
There were no differences between genotypes
and serum lipid levels in Han population.
Subgroup analyses showed that serum levels
of ApoAl in Mulao males, and TC, TG, LDL-C,
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ApoAl and ApoB in Mulao females were differ-
ent between the CC and CT/TT genotypes (P <
0.05 for all); the subjects with CT/TT genotypes
had higher serum TC, TG, LDL-C and ApoB lev-
els than those with AA genotype. Serum TC and
ApoB levels in Han males and ApoB levels in
Han females were different between the CC
and CT/TT genotypes (P < 0.05 for all); the CT/
TT genotype subjects in Han males had lower
TC and ApoB levels.

Relative factors for serum lipid parameters

Multiple linear regression analyses showed
that the levels of ApoAl in Mulao plus Han were
correlated with allele (P < 0.05), and ApoAl/
ApoB ratio in Han was correlated with geno-
types (P < 0.05; Table 4). In gender subgroups,
the levels of TC, HDL-C and LDL-C in Mulao
males, the levels of TG in Mulao females, and
the levels of ApoB and ApoA1/ApoB ratio in Han
females were correlated with genotypes (P <
0.05-0.001). The levels of TC in Mulao males,
the levels of TG in Mulao females, and the lev-
els of ApoB in Han females were correlated with
alelle (P < 0.05 for all; Table 6). Several environ-
mental factors such as age, gender, height,
weight, waist circumference, alcohol consump-
tion and cigarette smoking, and traditional car-
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Table 7. Relationship between serum lipid parameters and relative factors in the Mulao and Han
populations

Lipid parameter Risk factor B Std. error Beta t P
Mulao and Han
TC Ethnic group 0.084 0.030 0.038 2.797 0.005
Cigarette smoking 0.091 0.030 0.048 3.088 0.002
Alcohol consumption 0.089 0.027 0.050 3.344 0.001
Diastolic blood pressure 0.006 0.002 0.054 3.964 0.000
TG Ethnic group 0.218 0.093 0.057 2.345 0.019
Age -0.007 0.004 -0.050 -2.013 0.044
Cigarette smoking 0.426 0.092 0.130 4.634 0.000
Height -0.089 0.039 -0.349 -2.291 0.022
Weight 0.108 0.056 0.511 1.941 0.052
Body mass index -0.322 0.138 -0.501 -2.342 0.019
Waist circumference 0.070 0.009 0.297 7.779 0.000
Diastolic blood pressure 0.019 0.005 0.099 4.020 0.000
Glucose 0.168 0.037 0.104 4.513 0.000
HDL-C Gender 0.122 0.036 0.114 3.109 0.002
Age 0.003 0.001 0.087 3.432 0.001
Alcohol consumption 0.129 0.021 0.164 6.014 0.000
Weight -0.029 0.015 -0.528 -1.978 0.048
LDL-C Ethnic group -0.124 0.041 -0.075 -3.035 0.002
Gender -0.258 0.061 -0.156 -4.228 0.000
Age 0.010 0.002 0.155 6.052 0.000
Cigarette smoking -0.121 0.040 -0.086 -2.994 0.003
Waist circumference 0.012 0.004 0.120 3.091 0.002
ApoAl Gender 0.130 0.025 0.196 5.245 0.000
Age 0.002 0.001 0.084 3.250 0.001
Genotype -0.043 0.015 -0.064 -2.764 0.006
Alcohol consumption 0.109 0.015 0.207 7.449 0.000
ApoB Ethnic group -0.139 0.020 -0.172 -6.957 0.000
Cigarette smoking 0.041 0.020 0.060 2.077 0.038
Waist circumference 0.009 0.002 0.179 4.597 0.000
Pulse pressure 0.003 0.001 0.101 4.232 0.000
Glucose 0.024 0.008 0.072 3.043 0.002
ApoAl/ApoB Ethnic group 0.197 0.097 0.052 2.038 0.042
Gender 0.391 0.144 0.104 2.716 0.007
Mulao
TC Genotype -0.192 0.071 -0.086 -2.704 0.007
Age 0.017 0.003 0.195 5.704 0.000
Cigarette smoking 0.194 0.077 0.101 2.506 0.012
Pulse pressure 0.008 0.004 0.071 2.207 0.028
TG Height -0.055 0.027 -0.490 -2.055 0.040
Weight 0.092 0.040 0.916 2.303 0.022
Waist circumference 0.018 0.005 0.174 3.539 0.000
Pulse pressure 0.005 0.003 0.063 1.968 0.049
HDL-C Gender 0.099 0.046 0.111 2.172 0.030
Age 0.003 0.001 0.088 2.624 0.009
Alcohol consumption 0.130 0.027 0.181 4.879 0.000
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LDL-C Genotype -0.110 0.051 -0.068 -2.157 0.031
Age 0.013 0.002 0.207 6.102 0.000
Height -0.052 0.025 -0.493 -2.064 0.039
ApoAl Genotype -0.069 0.025 -0.087 -2.723 0.007
Gender 0.173 0.040 0.222 4.282 0.000
Age 0.004 0.001 0.128 3.742 0.000
Alcohol consumption 0.144 0.024 0.231 6.111 0.000
ApoB Cigarette smoking 0.095 0.037 0.104 2.581 0.010
Waist circumference 0.009 0.003 0.135 2.711 0.007
Pulse pressure 0.007 0.002 0.137 4.231 0.000
ApoAl/ApoB Cigarette smoking -0.175 0.080 -0.089 -2.194 0.028
Alcohol consumption 0.153 0.068 0.086 2.248 0.025
Pulse pressure -0.009 0.004 -0.083 -2.545 0.011
Han
TC Gender -0.461 0.114 -0.205 -4.055 0.000
Alcohol consumption 0.242 0.069 0.135 3.485 0.001
Waist circumference 0.038 0.008 0.276 4.676 0.000
Diastolic blood pressure 0.021 0.003 0.209 6.264 0.000
Glucose 0.063 0.024 0.084 2.611 0.009
TG Age -0.019 0.007 -0.098 -2.575 0.010
Cigarette smoking 0.907 0.173 0.212 5.255 0.000
Waist circumference 0.137 0.019 0.433 7.198 0.000
Diastolic blood pressure 0.026 0.008 0.112 3.304 0.001
Glucose 0.223 0.057 0.129 3.936 0.000
HDL-C Gender 0.122 0.057 0.114 2.142 0.032
Age 0.004 0.002 0.095 2.422 0.016
Cigarette smoking 0.078 0.037 0.088 2.104 0.036
Alcohol consumption 0.120 0.035 0.142 3.467 0.001
Height 0.040 0.015 0.560 2.580 0.010
Weight -0.062 0.021 -1.101 -2.908 0.004
Body mass index 0.127 0.053 0.727 2.402 0.017
LDL-C Gender -0.467 0.090 -0.271 -5.178 0.000
Age 0.008 0.002 0.120 3.114 0.002
Cigarette smoking -0.345 0.059 -0.243 -5.900 0.000
Waist circumference 0.020 0.006 0.193 3.146 0.002
Diastolic blood pressure 0.005 0.003 0.068 1.979 0.048
ApoAl Gender 0.082 0.027 0.163 3.026 0.003
Cigarette smoking 0.066 0.018 0.159 3.769 0.000
Alcohol consumption 0.057 0.017 0.143 3.450 0.001
ApoB Gender -0.106 0.020 -0.251 -5.299 0.000
Alcohol consumption 0.038 0.012 0.113 3.114 0.002
Waist circumference 0.008 0.001 0.316 5.713 0.000
Diastolic blood pressure 0.003 0.001 0.151 4.830 0.000
Pulse pressure 0.001 0.000 0.064 2.031 0.043
Glucose 0.023 0.004 0.162 5.369 0.000
ApoAl/ApoB Gender 0.638 0.273 0.130 2.334 0.020

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1, Apolipoprotein Al; ApoB, Apolipoprotein B; ApoA1/ApoB, the ratio of Apolipoprotein Al to Apolipoprotein B.

674 Int J Clin Exp Pathol 2015;8(1):665-681



SPTY2D1 rs7934205 polymorphism and serum lipid levels

diovascular risk factors such as BMI, fasting
blood glucose and blood pressure levels were
also correlated with serum lipid parameters in
the Mulao and Han populations and in males
and females of both ethnic groups (P < 0.05-
0.001, Tables 7, 8).

Discussion

To the best of our knowledge, this is the first
study to detect the association of the SPTY2D1
rs7934205 polymorphism and serum lipid lev-
els in the Chinese population. The current study
demonstrated that serum lipid profiles were
significantly different between males and
females in both Mulao and Han ethnic groups.
As expected, the males had higher serum lev-
els of bad cholesterols and lower levels of good
cholesterols than the females in both ethnic
groups.

A significant difference in the genotype or allele
frequencies of SPTY2D1 rs7934205 SNP was
also noted between the two ethnic populations.
The minor T allele frequency in Mulao and Han
were 25.6% and 26.9% respectively, which
were extraordinary different to those of Chinese
Han Beijing (42.7%) reported in international
haplotype map (HapMap) project. On gender
subgroup analysis, the genotype frequencies
between males and females were different in
Han but not in Mulao. According to HapMap
data, the minor allele frequency of rs7934205
was 47.3% in European, 22.0% in Japanese,
and 42.9% in Inbadan Yoruba and Utahns.
Apparently, the minor allele frequency was
lower in Asian than the Western populations.
These findings suggest that genotype and allele
frequencies of SPTY2D1 rs7934205 SNP are
inconsistent among diverse ethnic groups or
between males and females.

The previous studies reported that minor allele
of SPTY2D1 SNP was significantly associated
with pleiotropic (one SNP influence many traits)
effects on decreased LDL-C [16-18]. Our study
indicates that the SPTY2D1 rs7934205 SNP
was correlated with TC, LDL-C and ApoAl in the
combined Mulao. However, no association with
LDL-C was detected in Han. The reason for this
discrepancy is not fully understood. It might be
due to the differences in genetic backgrounds,
dietary habits, and environmental factors
between the two ethnic populations and/or
simply due to the low power of this study. It is
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well accepted that ethnic differences in serum
lipid levels were partly due to the differences in
the dietary intakes [27]. Diet alone could
account for up to 2.5% of the variability on
serum lipid levels [28-32]. 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 Mulao and
Han ethnic groups partly contribute variability
in the effect of SPTY2D1 rs7934205 SNP on
serum lipid levels. The sex-specific association
of SPTY2D1 rs7934205 SNP and serum lipid
levels has not been previously reported. Here,
we found that the minor T allele of SPTY2D1
rs7934205 SNP was associated with higher
serum ApoAl levels in Mulao males, higher
ApoA1l and lower TC, TG, LDL-C and ApoB levels
in Mulao females. On the other hand, the minor
T allele was associated with lower TC and ApoB
levels in Han males, and lower ApoB levels in
Han females. Therefore, the minor T allele carri-
ers in Mulao and males and females both in
two nationalities have more favorable lipid pro-
files than the minor T allele non-carriers. This
phenomenon might in part be explained by the
presence of endogenous sex hormones such
as estrogen, which mediate cholesterol metab-
olism in a sexually dimorphic manner [8], and it
is associated with lowering cholesterol by
reducing the LDL-C level through decreased
LDL receptors [33] and an increased LDL clear-
ance rate [34]. Majority of the females were
pre-menopausal and thus could have benefited
from protective effects of estrogen on cardio-
vascular risks [35]. Moreover, males have more
visceral adipose tissue that increases over
expression of inflammatory markers associat-
ed with increased cardiovascular risks [36].
Other plausible factors may include dietary
habits, known CVD risk factors such as ciga-
rette smoking and alcohol consumption com-
mon in Chinese men than women [37, 38]. Of
remarkable interest is the high prevalence of
SPTY2D1 rs7934205 polymorphism in women
which may suggest it as the main determinant
for lipid levels. To the best of our knowledge,
this study is the first attempt to report the gen-
der specific association of SPTY2D1 rs7934205
SNP. Therefore, further studies with larger sam-
ple size and well-designed studies are still
needed to confirm this association.
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Table 8. Relationship between serum lipid parameters and relative factors in the males and females
of the Mulao and Han populations

Lipid parameter Risk factor B Std. error Beta t P
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
ApoAl 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
ApoAl/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
ApoAl 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
ApoAl1/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
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
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Glucose
Cigarette smoking
Waist circumference

TG

Diastolic blood pressure
Glucose
Age
Cigarette smoking
Alcohol consumption
Height
Weight
Body mass index
Diastolic blood pressure
Pulse pressure
Cigarette smoking
Waist circumference
Cigarette smoking
Alcohol consumption
Height
Weight
Body mass index
Genotype
Alcohol consumption
Waist circumference
Diastolic blood pressure
Glucose
Cigarette smoking

HDL-C

LDL-C

ApoAl

ApoB

ApoAl/ApoB
Han/female

TC

TG

Age
Waist circumference
Diastolic blood pressure
Body mass index
Genotype
Body mass index
Age
Height
Body mass index
Genotype
Age
Waist circumference
Glucose
Age
Waist circumference

HDL-C

LDL-C

ApoAl

ApoB

ApoAl1/ApoB

0.102
0.862
0.227
0.035
0.300
0.004
0.081
0.113
0.077
-0.105
0.226
0.006
-0.003
-0.318
0.007
0.075
0.047
0.040
-0.057
0.126
-0.049
0.034
0.009
0.004
0.028
0.111

0.019
0.047
0.020
-0.034
0.080
0.059
0.020
-0.029
-0.106
0.034
0.002
0.005
0.015
-0.011
-0.024

0.031 0.150 3.262 0.001
0.236 0.172 3.650 0.000
0.036 0.562 6.344 0.000
0.014 0.116 2.503 0.013
0.095 0.148 3.174 0.002
0.002 0.115 2.264 0.024
0.031 0.120 2.646 0.008
0.029 0.179 3.919 0.000
0.023 1.027 3.379 0.001
0.030 -2.163 -3.472 0.001
0.080 1.520 2.835 0.005
0.002 0.148 3.341 0.001
0.001 -0.105 -2.259 0.024
0.062 -0.250 -5.164 0.000
0.004 0.094 1.974 0.049
0.019 0.190 3.930 0.000
0.018 0.128 2.629 0.009
0.014 0.928 2.851 0.005
0.019 -2.026 -3.035 0.003
0.050 1.456 2.534 0.012
0.018 -0.115 2.729 0.007
0.013 0.116 2.580 0.010
0.002 0.355 4.234 0.000
0.001 0.230 5.262 0.000
0.006 0.222 5.027 0.000
0.031 0.164 3.545 0.000
0.005 0.246 4.139 0.000
0.014 0.266 3.288 0.001
0.006 0.168 3.293 0.001
0.007 -0.233 -5.149 0.000
0.028 0.128 2.831 0.005
0.013 0.203 4.495 0.000
0.004 0.314 5.284 0.000
0.013 -0.642 -2.120 0.035
0.049 -1.296 -2.168 0.031
0.017 0.088 2.029 0.043
0.001 0.130 2.262 0.024
0.002 0.200 2.631 0.009
0.007 0.099 2.153 0.032
0.004 -0.133 -2.886 0.004
0.010 -0.156 -2.386 0.017

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1l, Apolipoprotein Al; ApoB, Apolipoprotein B; ApoAl/ApoB, the ratio of Apolipoprotein Al to Apolipoprotein B.

Several environmental factors were also corre-
lated with serum lipid levels in males and
females of both Mulao and Han populations. In
the current study, the males had significantly
higher values of weight, height, BMI, waist cir-
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cumference compared to the female counter-
parts in both ethnic groups. Garcia-Palmieri et
al. [28] stated that diet and relative weight
could account for up to 6% of the variability in
serum cholesterol levels. In particular, for every
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1-kg decrease in body weight, TG decreased by
0.011 mmol/L and HDL-C increased by 0.011
mmol/L [39]. In addition, in this study, the
males’ percentages of subjects consuming
alcohol and cigarette smoking were significant-
ly higher than the females’ in both ethnic
groups. Rimm et al. [40] documented that con-
suming of 30 g of ethanol per day increased the
concentrations of HDL-C by 3.99 mg/dl, ApoAl
by 8.82 mg/dl, and TG by 5.69 mg/dI. Yin et al.
[41, 42] also showed that BMI, cigarette smok-
ing and alcohol consumption could interact
with certain lipid-related gene variants to modi-
fy the serum lipid levels in Bai Ku Yao and Han
Chinese ethnic groups. Therefore, the results of
exposure to different environmental factors
may further modify the effect of genetic varia-
tion on serum lipid levels in our study popu-
lations.

There are some potential limitations in our
study. First, it is undeniable that this study has
insufficient power to produce a robust conclu-
sion; therefore, such a small-scale study needs
to replicate in independent cohorts. Second,
the study is the cross-sectional nature of the
design which may not allow causal or direction-
al inferences, and thus the need for a longitudi-
nal study. Third, This led to the hypothesis may
be partly attributable to gender differences in
physical activity, daily diet, socioeconomic sta-
tus, education level, occupation, and medical
insurance coverage. Optimistic point of view,
our results may have significant implications for
clinical practice. In the future, genetic factors
are either modifiable or potentially amenable to
interventions. At the policy level, possible inter-
ventions include enhancing the coverage rate
of medical insurance and improving the health-
care environment for female patients. Patient-
level interventions include reducing and con-
trolling cardiovascular risk factors and improv-
ing compliance to lipid-lowering treatment.
Physicians should promote an attitude of know-
ledge informing practice for the treatment of
dyslipidemia in women, pay more attention to
female patients who are postmenopausal and
have high LDL-C levels, and provide an ade-
quate and intensive treatment strategy to
female patients. Gene-gender interaction may
be a potential contributor to gender disparities
in lipid-lowering treatment goal attainment. As
far as other potential explanatory factors, more
studies need to be done to discover them and
elaborate on their effects in the future.
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In conclusion, T allele frequency of the SPTY2D1
rs7934205 SNP in both Mulao and Han is high-
er in females than in males. The minor T allele
carriers in both ethnic groups have more favor-
able serum lipid profiles than the T allele non-
carriers. These findings suggest that the asso-
ciation between the SPTY2D1 rs7934205 SNP
and serum lipid levels might have ethnic- and/
or sex-specificity.
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