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Abstract. Recently, several human genetic and genomewide association studies (GWAS) have discovered many genetic loci that
are associated with the concentration of the blood lipids. To confirm the reported loci in Chinese population, we conducted a cross-
section study to analyse the association of 25 reported SNPs, genotyped by the ABI SNaPshot method, with the blood levels of
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglycerides
(TG) in 1900 individuals by multivariate analysis. Logistic regression was applied to assess the association of the genetic loci with
the risk of different types of dyslipidemia. Our study has convincingly identified that 12 of 25 studied SNPs were strongly associated
with one or more blood lipid parameters (TC, LDL, HDL and TG). Among the 12 associated SNPs, 10 significantly influence the
risk of one or more types of dyslipidemia. We firstly found four SNPs (rs12654264 inHMGCR; rs2479409 in PCSK9; rs16996148 in
CILP2, PBX4; rs4420638 in APOE-C1-C4-C2) robustly and independently associate with four types of dyslipidemia (MHL, mixed
hyperlipidemia; IHTC, isolated hypercholesterolemia; ILH, isolated low HDL-C; IHTG, isolated hypertriglyceridemia). Our results
suggest that genetic susceptibility is different on the same candidate locus for the different populations. Meanwhile, most of the
reported genetic variants strongly influence one or more plasma lipid levels and the risk of dyslipidemia in Chinese population.

Keywords. dyslipidemia; lipid levels; single-nucleotide polymorphisms; cardiovascular disease; genetics.

Introduction

Cardiovascular disease (CVD) is the leading cause of
death worldwide, and predicted to be the major cause
of morbidity and mortality in most developing nations
by 2020 globally (Celermajer et al. 2012). One of the
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major risk factors of CVD is dyslipidemia (Shanmuga-
sundaram et al. 2010), a disorder of lipid and lipopro-
tein metabolism (Radovica et al. 2014). Dyslipidemia
is characterized by the increased total cholesterol (TC),
low-density lipoprotein-cholesterol (LDL-C), or triglyc-
eride (TG) concentration, or the declined high-density
lipoprotein-cholesterol (HDL-C) concentration in the
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blood (Dyslipidemia (http://www.merckmanuals.com/pro
fessional/endocrine_and_metabolic_disorders/lipid_disor
ders/dyslipidemia.html)). Causes that increase dyslipi-
demia are obesity and high fat intake; however, many
individuals vary in their responses to dietary cholesterol,
indicating the importance of genetic factors (Radovica
et al. 2014).
Recent human genetic and genomewide association

studies (GWAS) have discovered many genetic loci that
are associated with the concentrations of different blood
lipids (Abifadel et al. 2003; Kathiresan et al. 2008; Kooner
et al. 2008; Wallace et al. 2008; Willer et al. 2008; Chas-
man et al. 2009; Deo et al. 2009; Teslovich et al. 2010;
Kim et al. 2011; Sarzynski et al. 2011; Inouye et al. 2012).
More than a hundred of them are at or near one of the fol-
lowing genes:ABCA1,APOB,APOE-C1-C4-C2,BCL7B,
TBL2, MLXIPL, CELSR2, PSRC1, SORT1, GALNT2,
GCKR, HMGCR, LIPG, ACAA2, PCSK9, MLXIPL,
LPL, TRIR1, LIPC, CETP, CILP2, PBX4, APOA1-C3-
A4-A5,ZNF259,BUD13 (Abifadel et al. 2003; Kathiresan
et al. 2008; Kooner et al. 2008; Wallace et al. 2008; Willer
et al. 2008; Chasman et al. 2009; Deo et al. 2009; Teslovich
et al. 2010; Kim et al. 2011; Sarzynski et al. 2011; Inouye
et al. 2012). These genetic variants are reported to be
significantly influence one or more lipids in the blood.
However, most of these associations were not confirmed
in Chinese population, especially relationship between
these genetic variants and the risk of dyslipidemia remains
unclear. Here, we report the associations of the most-
informative SNPs from previous studies with four blood
lipid parameters: TC, HDL-C, LDL-C and TG in Chinese
population and to provide more information to character-
ize the genetic factors that influence the blood lipid levels.
Currently, predicted dyslipidemia depends on the analy-
sis of environmental risk factors. If we built a database
of lipid susceptibility loci of Chinese population, we can
predict dyslipidemia with the combination of genetic and
environmental risk factors. It will certainly improve the
ability to predict dyslipidemia.

Materials and methods

Subjects and data collection

This study was a cross-sectional study regarding chronic
diseases and risk factors conducted in Chengdu in 2014.
Two urban communities of health examination popu-
lation in Chengdu were selected randomly. Individuals
were enrolled by a random sampling design. Approval
was obtained from the Institutional Review Boards of
the Sichuan Academy of Medical Sciences and Sichuan
Provincial People’s Hospital. Written informed consent
was obtained from all subjects prior to this study. This
study was conducted in accordance with the tenets of the
Declaration of Helsinki.

In the present study, a total number of 1900 participants,
including 746 men and 1154 women, were recruited by the
Hospital of the University of Electronic Science and Tech-
nology of China, Sichuan Provincial People’s Hospital.
Demographic features of the subjects are listed in table 1.
All participants were Han Chinese from southern China.
Dyslipidemia was diagnosed according to the criteria set
by Joint Committee for Developing Chinese guidelines
on Prevention Treatment of Dyslipidemia in Adults and
classified into four phenotypes (Prevention et al. 2016).
(i) Isolated hypertriglyceridemia (IHTG) was defined as
having TG ≥ 1.7 mmol/L or on medication and TC <

5.2mmol/L; (ii) isolated hypercholesterolemia (IHTC)was
defined as having TC ≥ 5.2 mmol/L or on medication and
TG < 1.7 mmol/L; (iii) mixed hyperlipidemia (MHL) was
defined as havingTG≥ 1.7mmol/L andTC≥ 5.2mmol/L;
and (iv) isolated low HDL-C (ILH) was defined as having
HDL-C ≤ 1.0 mmol/L. Normal control is defined as sub-
jects without any dyslipidemia.
Hypertension was defined as SBP ≥ 140 mmHg, DBP

≥ 90 mmHg, or current medication for hypertension
(James et al. 2014). Height, weight, blood pressure, TC,
TG, LDL-C and HDL-C were measured. Height and
weight were measured with the subject standing barefoot
in light clothes. Body mass index (BMI) was calculated
as weight (kg) divided by square of height (m). BMI
was divided into three categories: low BMI < 24 kg/m2;
middle BMI = 24−28 kg/m2; high BMI > 28 kg/m2.
High glucose was defined as>6.1 mmol/L. Blood pressure
was measured by standard mercury sphygmomanometer
on the right arm in sitting position after the partici-
pants have rested at least for 5 min. Blood samples were
collected from all the participants after an overnight
fasting. All the biochemical assessments were conducted
in the clinical laboratory of Sichuan Provincial Peo-
ple’s Hospital. Concentrations of fasting glucose (Glu),
TC, HDL-C, TG, and LDL-C were measured using an
auto analyzer (Hitachi 717, Hitachi Instruments, Tokyo,
Japan).

SNP selection

Among the recent six GWAS and other five genetic stud-
ies on the plasma levels of different blood lipids, 18
genetic loci, includingABCA1,APOB,APOE-C1-C4-C2,
BCL7B-TBL2-MLXIPL, CELSR2, CELSR2-PSRC1-
SORT1, GALNT2, GCKR, HMGCR, LIPG-ACAA2,
PCSK9, MLXIPL, LPL, TRIR1, LIPC, CETP, CILP2-
PBX4, APOA1-C3-A4-A5-ZNF259-BUD13 were asso-
ciated with one or more lipid traits (Abifadel et al.
2003; Kathiresan et al. 2008; Kooner et al. 2008; Wal-
lace et al. 2008; Willer et al. 2008; Chasman et al.
2009; Deo et al. 2009; Teslovich et al. 2010; Kim et al.
2011; Sarzynski et al. 2011; Inouye et al. 2012)
(table 1 in electronic supplementary material at
http://www.ias.ac.in/jgenet/). For HDL cholesterol, the
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Table 1. Basic characteristic of the study subjects.

Men (n = 746) Women (n = 1154)

Age (years), mean ± SD* 60.06 ± 13.21 59.61 ± 10.85
BMI (kg/m2), mean ± SD* 24.25 ± 3.08 23.84 ± 3.18
Glu (mmol/L), median (Q1, Q3)* 4.97 (4.6, 5.4) 4.85 (4.52, 5.36)

IHTG, n (%) 120 (16.1) 98 (8.5)
TC (mmol/L), mean ± SD 4.57 ± 0.029 4.67 ± 0.44
TG (mmol/L), median (Q1, Q3)* 2.28 (1.91, 2.96) 2.22 (1.93, 2.80)
HDL-C (mmol/L), mean ± SD* 1.04 ± 0.015 1.11 ± 0.23
LDL-C (mmol/L), mean ± SD* 2.77 ± 0.031 2.80 ± 0.44

IHTC, n (%) 174 (23.3) 405 (35.1)
TC (mmol/L), mean ± SD 5.92 ± 0.373 5.91 ± 0.56
TG (mmol/L), median (Q1, Q3)* 1.11 (0.86, 1.39) 1.11 (0.89, 1.38)
HDL-C (mmol/L), mean ± SD* 1.49 ± 0.018 1.53 ± 0.30
LDL-C (mmol/L), mean ± SD* 3.70 ± 0.046 3.61± 0.72

MLP, n (%) 130 (17.4) 200 (17.3)
TC (mmol/L), mean ± SD 5.98 ± 0.042 6.19 ± 0.78
TG (mmol/L), median (Q1, Q3)* 2.38 (1.93, 3.53) 2.25 (1.92, 2.97)
HDL-C (mmol/L), mean ± SD* 1.18 ± 0.013 1.26 ± 0.24
LDL-C (mmol/L), mean ± SD* 3.86 ± 0.044 3.91 ± 0.74

ILH, n (%) 42 (5.6) 19 (1.6)
TC (mmol/L), mean ± SD 4.15 ± 0.063 4.07 ± 0.58
TG (mmol/L), median(Q1,Q3)* 1.16 (0.91, 1.41) 1.15 (1.03, 1.46)
HDL-C (mmol/L), mean ± SD* 0.92 ± 0.011 2.67 ± 0.08
LDL-C (mmol/L), mean ± SD* 2.69 ± 0.068 0.89 ± 0.66

Normal, n (%) 280 (37.5) 432 (37.4)
TC (mmol/L), mean ± SD 4.50 ± 0.019 4.54 ± 0.47
TG (mmol/L), median(Q1,Q3)* 0.92 (0.72, 1.21) 0.94 (0.73, 1.21)
HDL-C (mmol/L), mean ± SD* 1.33 ± 0.009 1.42 ± 0.25
LDL-C (mmol/L), mean ± SD* 2.60 ± 0.021 2.51 ± 0.53

*Statistically significant difference (P < 0.05) between men and women. SD, stan-
dard deviation; Q1, first quartile of the interquartile range; Q3, third quartile of
the interquartile range. IHTG is defined as having TG ≥ 1.7 mmol/L or on medi-
cation and TC < 5.2 mmol/L; IHTC is defined as having TC ≥ 5.2 mmol/L or on
medication and TG < 1.7 mmol/L; MHL is defined as having TG ≥ 1.7 mmol/L
and TC ≥ 5.2 mmol/L; HDL-C (ILH) is defined as having HDL-C ≤ 1.0 mmol/L.

minor alleles of six SNPs (rs3890182 inABCA1, rs4846914
and rs10127775 inGALNT2, rs2156552 inLIPG-ACAA2,
rs1800775 in CETP, rs28927680 in APOA1-C3-A4-A5-
ZNF259-BUD13) were associated with lower concentra-
tions of HDL-C (Wallace et al. 2008; Teslovich et al.
2010). Inversely, the minor alleles of SNP rs17145738 in
BCL7B-TBL2-MLXIPL, rs1077834 in LIPC, as well as
SNP rs327 and rs331 in LPL were associated with higher
concentrations of HDL-C (Deo et al. 2009; Teslovich
et al. 2010). For LDL-C, the minor alleles of four SNPs
(rs693 and rs676210 in APOB, rs4420638 in APOE-
C1-C4-C2, rs2479409 and rs11583680 in PCSK9) show
robust association with higher concentrations of LDL-
C (Abifadel et al. 2003; Kathiresan et al. 2008; Chas-
man et al. 2009). Inversely, the minor alleles of five
SNPs (rs599839 and rs646776 in the CELSR2-PSRC1-
SORT1, rs12654264 and rs3846662 in the HMGCR,
rs16996148 inCILP2-PBX4) were significantly associated
with lower concentrations of LDL-C (Kathiresan et al.

2008; Wallace et al. 2008). For total cholesterol, three
SNPs (rs4970834 in CELSR2, rs2479409 and rs11583680
in PCSK9) were associated with the concentrations of TC
(Abifadel et al. 2003; Wallace et al. 2008; Teslovich et al.
2010). For triglycerides, the minor alleles of SNP rs693 in
APOB, rs4846914 in GALNT2, rs780094 in GCKR and
rs28927680 in APOA1-C3-A4-A5-ZNF259-BUD13 show
significant association with higher concentrations of TG
(Kathiresan et al. 2008; Willer et al. 2008; Teslovich et al.
2010). Conversely, those of SNP rs17145738 in BCL7B-
TBL2-MLXIPL, rs780092 in GCKR, rs327 and rs331
in LPL, rs17321515 in TRIR1, rs16996148 in CILP2-
PBX4 were associated with the lower concentrations of
TG (Kathiresan et al. 2008; Willer et al. 2008; Deo et al.
2009; Teslovich et al. 2010; Kim et al. 2011). We selected
25 SNPs at 18 genetic loci and genotyped them in Chinese
population. The final SNP set with minor allele frequency
is > 0.01 and the P value of Hardy–Weinberg equilibrium
(P_HWE) is > 0.001.
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Genotyping

Venous blood was collected from each subject in an
EDTA-containing tube. Genomic DNA was extracted
from the blood by serial phenol–chloroform extraction
and ethanol precipitation. SNPgenotypingwas performed
by the dye terminator-based SNaPshot method, as previ-
ously described (Lu et al. 2010).All primers are listed in the
table 2 in electronic supplementary material. All 25 SNPs
at 18 genetic loci were genotyped. Genotyping success rate
and accuracywere>98%, judged by random regenotyping
of 10% of the samples in the subject group.

Statistical analysis

All statistical were analysed using SPSS ver. 20.0 (IBM
Corp, Chendu, China). Continuous variables were pre-
sented as mean ± standard deviation (SD) or median
(interquartile range) and categorical variables were pre-
sented as frequencies and proportions. The independent
sample t-test or Mann–Whitney U test was used to inves-
tigate the relationship between continuous variables. The
normal distributions of all quantitative variables were
measured with the mean value and its SD, and with
the Shapiro–Wilk test. However, none of the lipid levels
were normally distributed according to the Shapiro–Wilk
test. Therefore, to assess the influence of the covariates,
multivariate analysis was employed with less-stringent
normality criteria: the 99.10–99.84–100 rule, according to
which about 99.10%of the values shouldfitwithin an inter-
val of one SD, 99.84% in two SDs and 100% in three SDs.
Among all variables measurements, the TG and glucose
levels were not less-stringent normally distributed, so they
were Napierian logarithm (ln) transformed for further sta-
tistical analysis. A standard χ2 test was used to evaluate
the Hardy–Weinberg equilibrium (HWE) and categorical
variables. All the results were considered to be statistically
significant with P < 0.05. The Bonferroni correction was
used to adjust P values for multiple testing. Multivari-
ate analysis was used to evaluate association of genetic
loci with lipid and cholesterol phenotypes adjusted for the
covariates (age, BMI and glucose levels). Logistic regres-
sion was applied to assess the association of genetic loci
with risk of dyslipidemia by using possible covariates (age,
gender, BMI, glucose levels and blood pressure). Inde-
pendent associations among significant SNPs for different
types of dyslipidemia were detected with multiple logistic
regression analyses.

Results

In this study, we recruited a total of 1900 individuals,
including 746 males and 1154 females with a mean age
of 60.06 ± 13.21 and 59.61 ± 10.85 years, respectively. As
there were significant differences of four lipid parameters

and BMI betweenmen and women groups, gender stratifi-
cation analysis was conducted for each genetic locus. Basic
characteristic of the study subjects is listed in table 1.
All 25 SNPswere genotyped, and twoSNPs (rs28927680

and rs676210) were excluded due to the minor allele
frequency (MAF) < 0.01 and P HWE < 0.001, respec-
tively. The distributions of the rest of 23 SNP alleles
were within the Hardy–Weinberg equilibrium. Associa-
tion analysis results of lipid parameters with identified
genetic loci in overall subjects are shown in table 3 in
electronic supplementary material. Twelve SNPs located
at nine genetic loci were significantly associated with one
or more lipid traits (table 2). For LDL cholesterol, the
minor alleles of five SNPs (rs599839 and rs646776 in
CELSR2-PSRC1-SORT1, rs12654264 and rs3846662 in
HMGCR and rs4970834 in CELSR2) were significantly
associated with lower concentrations of LDL-C. More-
over, three SNPs (rs12654264, rs599839 and rs646776)
have only showed association in women group, while the
other two SNPs (rs3846662 and rs4970834) showed sig-
nificant association within both men and women groups.
For HDL cholesterol, five SNPs (rs3812316, rs327, rs331,
rs1077834 and rs1800775) in MLXIPL, LPL, LIPC and
CETP were associated with HDL-C. The minor alleles of
two leading SNPs (rs327 and rs331) in the LPL gene were
associated with lower concentrations of HDL-C. For total
cholesterol, eight SNPs at six genetic loci were associated
with the TC concentration. For triglycerides, the minor
alleles of two SNPs (rs327 and rs331) in the LPL gene,
rs17145738 in BCL7B-TBL2-MLXIPL and rs3812316 in
MLXIPL were associated with lower concentrations of
TG, which showed association in women group (table 2).
After Bonferroni correction, several significant SNPs in
CELSR2, CELSR2-PSRC1-SORT1, HMGCR and LPL
still show significant association with corresponding phe-
notypes.
To investigatewhether the 12 lipid-associatedSNPswere

related to dyslipidemia, we divided the 1900 participants
into normal and four dyslipidemia phenotypes groups,
and then evaluated the allele frequencies between normal
group and each dyslipidemia group. After the association
analysis, 10 SNPs significantly associated with different
kinds of dyslipidemia which are shown in table 3. rs599839
and rs646776 in CELSR2, PSRC1, SORT1, as well as
rs12654264 in HMGCR show significant association with
the MHL in overall subjects (P = 0.001, OR = 0.406;
P = 0.017, OR = 0.501; P = 0.033, OR = 0.779). More-
over, rs599839 and rs646776 in CELSR2, PSRC1 and
SORT1 show more robust association with MLP in men
group (P = 0.007, OR = 0.219; P = 0.018, OR = 0.26).
However, rs17321515 inTRIR1 just showweakassociation
with the MHL and IHTC in women group (P = 0.046,
OR = 1.376). Moreover, the minor allele of rs2479409
PCSK9 and rs16996148 CILP2, PBX4 is the risk factor
for IHTC and ILH in men group (P = 0.006, OR= 1.63;
P = 0.013,OR= 3.33). rs327 and rs331 inLPL areweakly
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associated with IHL and IHTG (P = 0.042, OR = 0.456;
P = 0.045, OR = 0.694). rs4420638 in APOE-C1-C4-C2
and rs28927680 in APOA1-C3-A4-A5,ZNF259,BUD13
show association with IHTG in women group and overall
group.
To detect independent associations among the signif-

icant SNPs for dyslipidemia, multiple logistic regression
analyses were conducted (table 4). For the phenotype of
MHL, rs12654264 showed most robust and independent
association with MHL in women group and overall group
(P = 0.001, OR = 0.576; P = 0.00, OR = 0.584, respec-
tively).For IHTC, rs2479409 is robustly and independently
associated with IHTC in men group (P = 0.003, OR =
1.816). For IHL, rs16996148 show strongest and indepen-
dent association with IHL inmen group and overall group
(P = 0.005, OR = 4.006; P = 0.011, OR = 2.78). For
IHTG, rs4420638 is robustly and independently associated
with IHTG inwomen group and overall group (P < 0.001,
OR = 2.65; P = 0.001, OR = 1.91).

Discussion

This study aims to identify associations of 25 identified
SNPswith the blood lipid levels and different kinds of dys-
lipidemia in Chinese population. This is the first report,
as far as we know that the most genetic loci involved in
the lipid-related metabolic pathways were simultaneously
studied with a relatively large group of Chinese (746 males
and 1154 females). Our study has convincingly identified
12 of the 25 SNPs which were significantly associated with
one or more blood lipid parameters, and 10 of the 12 asso-
ciated SNPswere significantly associatedwith one ormore
types of dyslipidemia. Moreover, we further found four
robust and independent association SNPs for four kinds
of dyslipidemia.
In previous studies, 10 leading SNPs in ABCA1,

GALNT2, LIPG-ACAA2, CETP, APOA1-C3-A4-A5,
ZNF259,BUD13 clusters,BCL7B-TBL2-MLXIPL,LIPC
and LPL were associated with the blood concentrations
of HDL-C (Wallace et al. 2008; Deo et al. 2009; Teslovich
et al. 2010). In this study, we confirmed four SNPs inLPL,
LIPC and CETP were associated with the HDL-C lev-
els and linked a novel SNP in MLXIPL to it. Moreover,
the minor alleles of two leading SNPs (rs327 and rs331
in LPL) significantly reduce the risk of ILH and IHTG,
respectively.LPL is a triglyceride hydrolase hydrolysing the
triglycerides in triglyceride-rich lipoproteins (TRLs: chy-
lomicrons and VLDL) (Korn 1955a, b). LPL could play
a role in stimulating clearance of remnant lipoproteins by
the liver (Skottova et al. 1995).Recently, Smith et al. (2010)
identified rs327 as the functional SNP in the 20 identified
SNPs at LPL genetic locus.
For total cholesterol, threeSNPs (rs4970834 inCELSR2,

rs2479409and rs11583680 inPCSK9)were associatedwith
the concentrations of TC (Abifadel et al. 2003; Wallace



Lipid levels and risk of dyslipidemia 991

Table 4. Multiple logistic regression analysis of SNPs significantly associated with MLP of dyslipidemia in overall subjects.

Men Women Overall
Trait SNP (minor allele) Nearest gene P OR P OR P OR

MHL rs599839(G) CELSR2, PSRC1, SORT1 0.123 0.210 0.099 0.323 0.026∗ 0.289
rs646776(C) CELSR2, PSRC1, SORT1 0.631 0.604 0.453 1.704 0.787 1.17

rs12654264(A) HMGCR 0.598 0.892 0.001∗∗ 0.576 0.004∗∗ 0.684
rs17321515(A) TRIR1 0.742 1.07 0.006∗∗ 1.604 0.027∗ 1.34

IHTC rs17321515(A) TRIR1 0.304 0.8278 0.04 1.295 0.256 1.124
rs2479409(A) PCSK9 0.003∗∗ 1.816 0.70 0.95 0.186 1.15

ILH rs16996148(T) CILP2, PBX4 0.005∗∗ 4.066 0.678 1.39 0.011∗∗ 2.78
rs327(G) LPL 0.089 0.447 0.184 0.362 0.023∗∗ 0.408

IHTG rs331(A) LPL 0.731 0.078 0.038∗ 0.634 0.139 0.80
rs4420638(G) APOE-C1-C4-C2 0.467 1.232 <0.001∗∗ 2.651 0.001∗∗ 1.913
rs28927680(G) APOA1-C3-A4-A5, ZNF259, BUD13 0.423 0.842 0.154 0.73 0.071 0.762

*SNPs with P values <0.05; **SNPs with P values <0.05 after Bonferroni correction (corresponding P value × the number of
SNPs in corresponding phenotype <0.05). MHL, mixed hyperlipidemia; Glu, glucose levels; BP, blood pressure. All calculations
were calculated by a logistic regression with covariates (age, gender, BMI, glucose levels and blood pressure).

et al. 2008; Teslovich et al. 2010). In our study, seven novel
SNPs in five novel genetic loci (CELSR2-PSRC1-SORT1,
HMGCR, LPL, TRIR1 and LIPC) showed significant
association with TC. rs4970834 inCELSR2was also asso-
ciated with TC, inversely, rs2479409 and rs11583680 in
PCSK9 were not so.

For triglycerides, SNP rs693 in APOB, rs4846914 in
GALNT2, rs780094 in GCKR, rs28927680 in APOA1-C3-
A4-A5-ZNF259-BUD13, rs17145738 in BCL7B-TBL2-
MLXIPL, rs780092 in GCKR, rs327 and rs331 in LPL,
rs17321515 in TRIR1 and rs16996148 in CILP2-PBX4
were associated with the lower concentrations of TG
(Kathiresan et al. 2008; Willer et al. 2008; Deo et al. 2009;
Teslovich et al. 2010; Kim et al. 2011). We confirmed that
rs17145738 in BCL7B-TBL2-MLXIPL, as well as rs327
and rs331 inLPLwere associated with TG, while the other
SNPs were not so in Chinese population.
For LDL-C, previous studies found that nine SNPs

(rs693 and rs676210 in APOB, rs4420638 in APOE-C1-
C4-C2, rs2479409 and rs11583680 in PCSK9, rs599839
and rs646776 in CELSR2-PSRC1-SORT1, rs12654264
and rs3846662 in HMGCR, rs16996148 in CILP2-PBX4)
were significantly associated with LDL-C (Abifadel et al.
2003; Kathiresan et al. 2008; Wallace et al. 2008). We
validated four SNPs in CELSR2-PSRC1-SORT1 and
HMGCR associated with LDL-C, and discovered two
novel associated SNPs (rs4970834 and rs17321515) in
CELSR2 and TRIR1. Further investigation suggests that
the minor alleles of three SNPs in CELSR2, CELSR2-
PSRC1-SORT1andHMGCRhave significantlydecreased
the risk of MHL. And our results was consistent with
the other replication study in a Japanese population
(Nakayama et al. 2009).
For dyslipidemia, we found four SNPs showing robust

and independent associations with four kinds of dys-
lipidemia. For the phenotype of MHL, rs12654264 in
HMGCR (0.103 mmol/L per A allele) showed strong evi-
dence of association with MHL after multiple testing

corrections. Many previous studies have reported that
rs12654264 is associated with trait of LDL-C in different
populations (Hamrefors et al. 2010; Liu et al. 2011; Park
et al. 2011; Taylor et al. 2013). For the phenotype of IHTC,
the association between rs12654264 and IHTC in PCSK9
proved to be gender-specific with significance observed
only in males, but not in females. And rs16996148 is also
gender-specific with significance observed only in males
for ILH phenotype, which is consistent with previous
study (Yan et al. 2011). For IHTG, rs4420638 show strong
and independent association with rs4420638. rs4420638
showed strong evidence for association with LDL-C (Liu
et al. 2011). Moreover, Huang et al. (2015) report that
rs4420638 genotype AA is significantly associated with
the concentrations of circulating HDL-C and APOA-I
in CHD in Han Chinese males. As far as we know, we
firstlydiscover that rs4420638 sex-specificwith significance
observed only in women for IHTG phenotype.
However, our study have some limitations. Since the

impact of the environmental factors on lipid levels is
important, our study lack the information on demo-
graphics, socioeconomic status, cigarette smoking, alcohol
consumption and physical activity. Further analysis con-
cerning the correlation between SNPs in candidate genes
is warranted.
In conclusion, we first found four SNPs (rs12654264

in HMGCR; rs2479409 in PCSK9; rs16996148 in CILP2,
PBX4; rs4420638 inAPOE-C1-C4-C2) robustly and inde-
pendently associate with four types of dyslipidemia. Thus,
our results suggest that the genetic variants strongly influ-
ence one or more plasma lipid levels and the risk of
dyslipidemia in Chinese population.

Acknowledgement

The authors thank all the patients and their family members for
their participation.



992 Huaichao Luo et al.

References

Abifadel M., Varret M., Rabes J. P., Allard D., Ouguerram K.,
DevillersM. et al. 2003Mutations in PCSK9 cause autosomal
dominant hypercholesterolemia. Nat. Genet. 34, 154–156.

CelermajerD.S.,ChowC.K.,MarijonE.,AnsteyN.M.andWoo
K. S. 2012 Cardiovascular disease in the developing world:
prevalences, patterns, and the potential of early disease detec-
tion. J. Am. Coll. Cardiol. 60, 1207–1216.

Chasman D. I., Pare G., Mora S., Hopewell J. C., Peloso G.,
Clarke R. et al. 2009 Forty-three loci associated with plasma
lipoprotein size, concentration, and cholesterol content in
genome-wide analysis. PLoS Genet. 5, e1000730.

Deo R. C., Reich D., Tandon A., Akylbekova E., Patterson
N., Waliszewska A. et al. 2009 Genetic differences between
the determinants of lipid profile phenotypes in African and
European Americans: the Jackson heart study. PLoS Genet. 5,
e1000342.

Hamrefors V., Orho-Melander M., Krauss R. M., Hedblad B.,
Almgren P., Berglund G. et al. 2010 A gene score of nine
LDL andHDL regulating genes is associated with fluvastatin-
induced cholesterol changes in women. J. Lipid Res. 51,
625–634.

Huang Y., Ye H. D., Gao X., Nie S., Hong Q. X., Ji H. H.
et al. 2015 Significant interaction of APOE rs4420638 poly-
morphism with HDL-C and APOA-I levels in coronary heart
disease in Han Chinese men. Genet. Mol. Res. 14, 13414–
13424.

InouyeM., Ripatti S., Kettunen J., Lyytikainen L. P., Oksala N.,
Laurila P. P. et al. 2012 Novel loci for metabolic networks and
multi-tissue expression studies reveal genes for atherosclerosis.
PLoS Genet. 8, e1002907.

James P. A., Oparil S., Carter B. L., Cushman W. C., Dennison-
Himmelfarb C., Handler J. et al. 2014 Evidence-based guide-
line for the management of high blood pressure in adults:
report from the panel members appointed to the Eighth Joint
National Committee (JNC 8). JAMA 311, 507–520.

Kathiresan S., Melander O., Guiducci C., Surti A., Burtt N. P.,
Rieder M. J. et al. 2008 Six new loci associated with blood
low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol or triglycerides in humans. Nat. Genet. 40, 189–
197.

Kim Y. J., Go M. J., Hu C., Hong C. B., Kim Y. K., Lee J. Y.
et al. 2011Large-scale genome-wide association studies inEast
Asians identify new genetic loci influencing metabolic traits.
Nat. Genet. 43, 990–995.

Kooner J. S., Chambers J. C., Aguilar-Salinas C. A., HindsD.A.,
HydeC.L.,WarnesG.R. et al. 2008Genome-wide scan identi-
fies variation inMLXIPL associatedwith plasma triglycerides.
Nat. Genet. 40, 149–151.

KornE.D. 1955aClearing factor, a heparin-activated lipoprotein
lipase. I. Isolation and characterization of the enzyme from
normal rat heart. J. Biol. Chem. 215, 1–14.

KornE.D. 1955bClearing factor, a heparin-activated lipoprotein
lipase. II. Substrate specificity and activation of coconut oil. J.
Biol. Chem. 215, 15–26.

Liu Y., Zhou D., Zhang Z., Song Y., Zhang D., Zhao T.
et al. 2011 Effects of genetic variants on lipid parameters and
dyslipidemia in a Chinese population. J. Lipid Res. 52, 354–
360.

Lu F., Zhao P., Fan Y., Tang S., Hu J., Liu X. et al. 2010 An
association study of SERPING1 gene and age-related macu-
lar degeneration in a Han Chinese population. Mol. Vis. 16,
1–6.

Nakayama K., Bayasgalan T., Yamanaka K., Kumada M.,
Gotoh T., Utsumi N. et al. 2009 Large scale replication anal-
ysis of loci associated with lipid concentrations in a Japanese
population. J. Med. Genet. 46, 370–374.

Park M. H., Kim N. H., Lee J. Y. and Park H. Y. 2011 Genetic
loci associated with lipid concentrations and cardiovascular
risk factors in the Korean population. J. Med. Genet. 48, 10–
15.

Joint committee for developing Chinese guidelines on preven-
tion and treatment of Dyslipidemia in adults. 2016 [Chi-
nese guidelines on prevention and treatment of dyslipidemia
in adults (2016 revised edition)]. Chin. Circ. J. 31, 937–
953.

Radovica I., Fridmanis D., Silamikelis I., Nikitina-Zake L. and
Klovins J. 2014 Association between CETP, MLXIPL, and
TOMM40 polymorphisms and serum lipid levels in a Latvian
population. Meta Gene 2, 565–578.

SarzynskiM.A., JacobsonP.,RankinenT.,CarlssonB., Sjostrom
L., Carlsson L. M. et al. 2011 Association of GWAS-based
candidate genes with HDL-cholesterol levels before and after
bariatric surgery in the Swedish obese subjects study. J. Clin.
Endocrinol. Metab. 96, 953–957.

Shanmugasundaram M., Rough S. J. and Alpert J. S. 2010 Dys-
lipidemia in the elderly: should it be treated? Clin. Cardiol. 33,
4–9.

SkottovaN., SavonenR., LookeneA., HultinM. andOlivecrona
G. 1995 Lipoprotein lipase enhances removal of chylomicrons
and chylomicron remnants by the perfused rat liver. J. Lipid
Res. 36, 1334–1344.

Smith A. J., Palmen J., Putt W., Talmud P. J., Humphries S. E.
and Drenos F. 2010 Application of statistical and functional
methodologies for the investigation of genetic determinants of
coronary heart disease biomarkers: lipoprotein lipase geno-
type and plasma triglycerides as an exemplar. Hum. Mol.
Genet. 19, 3936–3947.

Taylor K. C., Carty C. L., Dumitrescu L., Bůžková P., Cole
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