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HMGCR gene polymorphism is associated
with residual cholesterol risk in premature
triple-vessel disease patients treated

with moderate-intensity statins
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Abstract

Background To investigate the association of HMGCR and NPCI1L1 gene polymorphisms with residual cholesterol risk
(RCR) in patients with premature triple-vessel disease (PTVD).

Methods Three SNPs within HMGCR including rs12916, rs2303151, and rs4629571, and four SNPs within NPCTL]1
including rs11763759, rs4720470, rs2072183, and rs2073547 were genotyped. RCR was defined as achieved low-
density lipoprotein cholesterol (LDL-C) concentrations after statins higher than 1.8 mmol/L (70 mg/dL).

Results Finally, a total of 609 PTVD patients treated with moderate-intensity statins were included who were divided
into two groups: non-RCR group (n=88) and RCR group (n=521) according to LDL-C concentrations. Multivariate
logistic regression showed the homozygotes for the minor allele of rs12916 within HMGCR gene (CC) were associated
with a 2.08 times higher risk of RCR in recessive model [odds ratio (OR): 2.08, 95% confidence interval (Cl): 1.16-3.75].
In codominant model, the individuals homozygous for the minor allele of rs12916 (CC) were associated with a 2.26
times higher risk of RCR (OR: 2.26, 95% Cl: 1.16-4.43) while the heterozygous individuals (CT) were not, compared with
the individuals homozygous for the major allele of rs12916 (TT). There was no significant association between the
SNPs within NPC1L1 gene and RCR in various models.

Conclusions We first reported that the variant homozygous CC of rs12916 within HMGCR gene may incur a
significantly higher risk of RCR in PTVD patients treated with statins, providing new insights into early individualized
guidance of precise lipid-lowering treatment.
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Introduction
Studies on atherosclerotic cardiovascular diseases
(ASCVD) in China (2021) reported that the burden of
ASCVD in the Chinese population is heavy, and the prev-
alence of ASCVD is keeping rising. It is estimated that the
prevalence of ASCVD is 330 million, including 11.39 mil-
lion coronary heart disease (CHD). Cardiovascular death
accounted for the first place in the all-cause death among
urban and rural residents in China [1]. Statins can sig-
nificantly reduce low-density lipoprotein cholesterol
(LDL-C) concentrations and adverse events of ASCVD,
which is considered the cornerstone of ASCVD therapy
[2]. However, there are individual variations in the effi-
cacy of statins. The LDL-C concentrations after statins
in many ASCVD patients cannot accomplish the target
recommended by the guideline on the management of
blood cholesterol [3], which is related to poor prognosis.
Numerous large-scale studies have demonstrated [4—6]
that the addition of non-statin lipid-lowering drugs such
as ezetimibe and proprotein convertase subtilisin-kexin
type 9 inhibitor (PCSK9i) in patients with LDL-C con-
centrations higher than 1.8 mmol/L (70 mg/dL) on basis
of statins can further decrease the risk of cardiovascular
events. Consequently, experts put forward the concept of
residual cholesterol risk (RCR), which is defined as the
achieved LDL-C concentrations higher than 1.8 mmol/L
(70 mg/dL) after statins [7, 8]. Exactly as there are indi-
vidual variations of the efficacy after clopidogrel, and the
CYP2C19 genetic testing has been extensively used clini-
cally to early identify patients with high platelet reactiv-
ity. Similarly, we wonder whether specific genetic testing
can also early identify patients with RCR (LDL-C>1.8
mmol/L) after statins and this is a topic worthy of inves-
tigation. Yet there is a paucity of relevant reports interna-
tionally, making early individualized guidance of precise
intensive or combined lipid-lowering treatment become
a clinical problem.
3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMGCR) and Niemann-Pick Cl-like 1 (NPCI1L1) are
both crucial genes related to lipid metabolism. HMGCR
gene is involved in endogenous cholesterol synthesis
and NPCILI gene is involved in exogenous cholesterol
absorption. Previous studies established that HMGCR
and NPCILI gene polymorphisms were associated with
baseline LDL-C concentrations [9], and HMGCR inhibi-
tors (statins) and NPCI1L1 inhibitors (ezetimibe) can
reduce LDL-C concentrations and the risk of cardiovas-
cular disease [4, 10]. Our previous study [11] showed that
HMGCR and NPCI1L1 gene polymorphisms were associ-
ated with increased adverse events risk in patients with

coronary triple-vessel disease (TVD). Nevertheless, there
have been few studies that link HMGCR and NPCILI
gene polymorphisms to RCR (LDL-C>1.8 mmol/L).
Patients with premature triple-vessel disease (PTVD)
displayed a higher risk of major adverse cardiovascular
events [12] and were usually related to genetic risk fac-
tors. The present study aimed to investigate the associa-
tion of HMGCR (the target gene of statins) and NPCILI
(the target gene of ezetimibe) with RCR (LDL-C>1.8
mmol/L), exploring the single nucleotide polymorphisms
(SNPs) that can identify patients with a high risk of RCR
(LDL-C>1.8 mmol/L), which will be of great significance
to individualized lipid-lowering therapy.

Methods

Study populations

A total of 8943 patients diagnosed with TVD by coronary
angiography were consecutively enrolled between 2004
and 2011 in Fu Wai Hospital (Beijing, China), of whom
1792 patients (20.0%) were PTVD. Among them, 872 had
blood samples and met the criteria of DNA testing.

609 patients treated with statins before at least 1
week were finally enrolled in the study. According to
LDL-C concentrations, the 609 subjects were divided
into two groups: non-RCR group (LDL-C<1.8 mmol/L
after statins) and RCR group (LDL-C>1.8 mmol/L after
statins). All of them were prescribed moderate-intensity
statins but no ezetimibe or PCSK9i previously.

The study complied with the principles of the Declara-
tion of Helsinki and was approved by the Review Board of
Fu Wai Hospital. Written informed consent was obtained
from all participants.

Definitions

TVD was defined as angiographically confirmed steno-
sis of 250% in all three main epicardial coronary arteries
(left anterior descending, left circumflex, and right coro-
nary arteries), with or without the involvement of the left
main artery. PTVD was defined as male patients with
TVD<50 years old and female patients with TVD<60
years old [13]. RCR was defined as the achieved LDL-C
concentrations after statins higher than 1.8 mmol/L
(70 mg/dL) [7, 8]. The definition of moderate-intensity
statins was a regime of daily doses that can reduce LDL-C
by about 30-50% including atorvastatin 10-20 mg/day,
rosuvastatin 5-10 mg/day, simvastatin 20-40 mg/day,
pivastatin 2—4 mg/day or fluvastatin 80 mg/day [14].
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Selection of SNPs and genotyping assays

NPCILI is located in chromosome 7, and HMGCR is
located in chromosome 5. In the HapMap database
(http://www.hapmap.org) for Chinese Han Beijing
(CHB) adults using the algorithm-Tagger-pairwise tag-
ging method, three tag SNPs in NPCILI (rs11763759,
rs4720470, and rs2072183) were picked out for popula-
tion CHB chr7: 44,518,661-44,547,439; and three tag
SNPs in HMGCR (rs12916, rs2303152, and rs2303151)
were picked out for population CHB chr5: 74,668,855—
74,693,680. Minor allele frequency and the determinant
coefficient (r?) thresholds were set at 0.05 and 0.8, respec-
tively. After consulting the previous works of literature,
we added one SNP (rs2073547) in NPC1L1 and one SNP
(rs4629571) in HMGCR [9]. After patient specimens were
tested, we removed rs2303152 due to too much missing
data in our subjects. Finally, 7 SNPs were determined:
four SNPs in NPCILI gene (rs11763759, rs4720470,
rs2072183, and rs2073547) and three SNPs in HMGCR
gene (rs12916, rs2303151, and rs4629571).

Fasting blood samples from all subjects were taken
within 24 h after admission to establish a blood dataset
to extract DNA. Genomic DNA was extracted from leu-
kocytes through the standard salting-out method [15].
In this study, the SNP genotyping work was performed
using an improved multiplex ligation detection reac-
tion (iMLDR) technique which was newly developed
by Genesky Biotechnologies Inc. (Shanghai, China)
[16] with a custom-by-design 48-Plex SNPscan™ Kit
(Cat#:G0104; Genesky Biotechnologies Inc., Shanghai,
China). This kit was developed according to patented
SNP genotyping technology by Genesky Biotechnolo-
gies Inc., which was based on double ligation and multi-
plex fluorescence PCR. All probes were designed by and
ordered from Genesky Biotechnologies Inc. (Shanghai,
China). Our actual steps were illustrated in Supplemen-
tary method.

Laboratory index measurement

Plasma glucose was measured using the glucose assay
kit (Biosino Bio-Technology And Science Incorpora-
tion, Beijing, China) with glucose oxidase method. Total
cholesterol (TC) with CHOD-PAP method, and triglyc-
erides (TGs) with GPO-PAP method were determined
using corresponding commercially available test Kkits
(Biosino Bio-Technology And Science Incorporation,
Beijing, China). Plasma high-density lipoprotein choles-
terol (HDL-C) with chemistry modify enzyme method
and LDL-C with selective melt method were deter-
mined using corresponding commercially available test
kits (Minaris Medical (Shanghai) Co., Ltd., Shanghai,
China). Serum creatinine was determined using cre-
atinine assay kit with sarcosine oxidase method (Weihai
Weigao Biotech Co., Ltd., Shandong, China). Analyses
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were conducted on an automatic biochemical analyzer
(Hitachi 7150, Hitachi Group, Japan). All other labora-
tory measurements were conducted at the biochemis-
try center of Fu Wai Hospital by standard biochemical
techniques.

Statistical analysis

Continuous variables were expressed as meanztstan-
dard deviation. Student’s t-test was used to compare
continuous variables between two groups. Categori-
cal variables were expressed as numbers (%). We tested
conformity of the NPCILI and HMGCR gene polymor-
phisms to Hardy—Weinberg equilibrium (HWE) among
the enrolled patients using the chi-square test or Fisher’s
exact test. The two-sided P value>0.05 was considered in
conformity with HWE. Pearson x> test or Fisher’s exact
test was used to compare categorical variables between
two groups. Comparisons of frequency of genotypes
between non-RCR and RCR groups in three genetic
models including dominant, recessive and, codominant
models were conducted by Pearson x> test or Fisher’s
exact test. Subsequently, the Bonferroni test was used for
a multiple comparison procedure in codominant model.
Univariable and multivariable logistic regressions were
performed to evaluate the association between genotypes
of SNP and RCR, and the results were reported as odds
ratio (OR) and 95% confidence interval (CI). The multi-
variable model was adjusted for age and sex. Statistical
significance was defined as two-sided P values of <0.05.
All analyses were performed using SPSS software version
23.0 (IBM, Armonk, NY, USA).

Results

Baseline characteristics

A total of 609 PTVD patients treated with moderate-
intensity statins were included in the analysis (Fig. 1).
The mean age was 47.3+6.2 years and 457 (75.3%) were
male patients. Table 1 shows the comparison of base-
line characteristics of patients with RCR (LDL-C>1.8
mmol/L) (n=521, 85.5%) versus patients without RCR
(LDL-C<1.8 mmol/L) (n=88, 14.5%). Patients in RCR
group tended to have higher total cholesterol, LDL-C
and non-high-density lipoprotein cholesterol (P<0.05).
There was no significant difference in other baseline data
(P>0.05).

Association analysis of HMGCR gene polymorphisms

All SNPs in HMGCR gene in overall enrolled patients
conformed to Hardy-Weinberg equilibrium (2>0.05)
(Table S1). During 3 SNPs (rs12916, rs2303151, and
rs4629571), only the frequency of genotype of rs12916
was significantly different between RCR and non-RCR
groups in recessive model (RCRe¢/cri7r 30.1%/69.9%
vs. non-RCRcc/cr, i 17.0%/83.0%, P=0.012) and
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8943 consecutive patients with coronary angiography documented triple-vessel disease

Entry criteria:
1. Male < 50 years old or female <60 years old
2. DNA samples were available

3. Moderate-intensity statins treatment recorded

609 patients patients with premature triple-vessel
disease treated with moderate-intensity statins

LDL-C £1.8 mmol/L

LDL-C >1.8 mmol/L

y

y

non-residual cholesterol risk group
(n=88)

residual cholesterol risk group
(n=521)

I

Three SNPs within HMGCR including rs12916, rs2303151 and
rs4629571 and four SNPs within NPC1L1 including rs11763759,
rs4720470, rs2072183 and rs2073547 were genotyped.

|

Statistical analysis

Fig. 1 Patient Flow Chart

DNA, deoxyribonucleic acid; LDL-C, low-density lipoprotein cholesterol; SNPs, single nucleotide polymorphisms; HMGCR, 3-hydroxy-3-methylglutaryl-

coenzyme A reductase; NPC1L1, Niemann-Pick C1-like 1

Table 1 Baseline Characteristic

Parameters Non-RCR RCRgroup P
group (n=521) value
(n=88)
Male, % 70 (79.5) 387 (74.3) 0.291
Age, % 464+64 474+6.1 0156
Diabetes mellitus, % 34 (38.6) 186 (35.7) 0.596
Smoking history, % 48 (54.5) 296 (56.8) 0.691
BMI, kg/m? 26.7+33 264+30 0438
Systolic pressure, mmHg 1268+16.7 1236+183 0.124
Diastolic pressure, mmHg 80.2+£12.0 782+11.7 0155
Heart rate, /min 68.8+99 71.0+£103 0.062
Glucose, mmol/L 6.1+1.38 62+2.1 0494
Serum creatinine, mmol/L 797155 780+£164  0.360
TG, mmol/L 23+17 20+1.0 0451
TC, mmol/L 36+07 50+1.0 <0.001
HDL-C, mmol/L 1.0+02 10+02 0062
LDL-C, mmol/L 16+0.2 29+08 <0.001
non-HDL-C, mmol/L 26+0.7 40+1.0 <0.001

Note. RCR, residual cholesterol risk; BMI, body mass index; TG, Triglyceride; TC, total
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol

codominant model (RCRc¢/cr/rri 30.1%/45.1%/24.8%
vs. non-RCR.¢/ it 17.0%/51.1%/31.8%, P=0.037)
(Table 2). At the same time, the multiple comparisons
in codominant model showed that the significant differ-
ence attributes to the different rates of RCR (CC vs. TT)
between individuals homozygous for the minor allele of
rs12916 (CC) and individuals homozygous for the major
allele of rs12916 (T'T). (not shown in the Table).

In recessive model, C variant homozygous patients of
rs12916 (CC vs. CT+TT)[adjusted OR (ORadj): 2.08, 95%
CL: 1.16-3.75; P=0.015] were associated with higher
risk of RCR (LDL-C>1.8 mmol/L), including after mul-
tivariable logistic regression adjusted for age and sex
(Fig. 2). In codominant model, C variant homozygous
patients of rs12916 (CC vs. TT) (ORadj: 2.26, 95% CI:
1.16-4.43; P=0.017) were associated with higher risk of
RCR (LDL-C>1.8 mmol/L) but C variant heterozygous
patients of rs12916 (CT vs. TT) (OR,q4: 1.14, 95% CL
0.68-1.92; P=0.621) were not associated with higher risk
of RCR (LDL-C>1.8 mmol/L), including after multivari-
able logistic regression adjusted for age and sex (Fig. 2).
In dominant model, C variant homozygous and hetero-
zygous patients of rs12916 (CC+CT vs. TT) (ORadj: 1.42,
95% CI: 0.87-2.32; P=0.165) were not associated with
higher risk of RCR (LDL-C>1.8 mmol/L), including after
multivariable logistic regression adjusted for age and sex
(Fig. 2).

Univariate and multivariable logistic regressions
showed other SNPs (rs2303151 and rs4629571) within
HMGCR were not significantly associated with RCR
(LDL-C>1.8 mmol/L) in three models.

Association analysis of NPC71L1 gene polymorphisms

All SNPs in NPCILI gene in overall enrolled patients
conformed to Hardy-Weinberg equilibrium (2>0.05)
(Table S1). There was no significant difference in the
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Table 2 Frequency of Gene Polymorphisms
Gene  SNPs Position  Function  Genetic model Non-RCR group RCR group P
(n=88) (n=521) value
NPCILT rs11763759 44570067 Intron10 DO:TT/CC+CT  78(88.6%) / 10(11.4%) 471(90.4%) / 50( .6%) 0.607
RE:CC/CT+TT 1(1.1%) / 87(98.9%) 2(0.4%) / 519(99.6%) 0374
co:.cc/cr/ir 1(1.1%) 7 9(10.2%) / 78(88.6%) 2(0.4%) /48( .2%) /471(90.4%) 0379
14720470 44561884 Intron10 DO:CC/TT+CT  47(53.4%) / 41(46.6%) 239(45.9%) / 282(54.1%) 0.190
RE: TT/CT+CC 12(13.6%) / 76(86.4%) 57(10.9%) / 464(89.1%) 0461
CO:TT/CT/CC 12(13.6%) / 29(33.0%) / 47(53.4%) 57(10.9%) / 225(43.2%) / 239(45.9%) 0.194
rs2072183 44579180 Exon2 DO: GG/ CC+GC  35(39.8%) / 53(60.2%) 207(39.7%) / 314(60.3%) 0.994
RE:CC/GC+GG  13(14.8%) / 75(85.2%) 65(12.5%) / 456(87.5%) 0.551
CO:CC/GC/ GG 13(14.8%) / 40(45.5%) / 35(39.8%)  65(12.5%) / 249(47.8%) / 207(39.7%) 0.820
rs2073547 44582331 5'Flanking DO: AA/ GG+GA  34(38.6%) / 54(61.4%) 207(39.7%) / 314(60.3%) 0.846
RE: GG/ GA+AA  13(14.8%) / 75(85.2%) 66(12.7%) / 455(87.3%) 0.587
CO: GG/ GA/AA 13(14.8%) / 41(46.6%) / 34(38.6%) 66(12.7%) / 248(47.6%) / 207(39.7%) 0.862
HMGCR 1512916 74656539 3'UTR DO:TT/ CC+CT 28(31 8%) / 60 (68.2%) 129(24.8%) / 392(75.2%) 0.162
RE:CC/CT+TT  15(17.0%) / 73(83.0%) 1 57(30 1%) / 364(69.9%) 0.012
CO:CC/CT/TT  15(17.0%) / 45(51.1%) / 28(31.8%) 57(30.1%) / 235(45.1%) / 0.037
1 29(24 8%)
rs2303151 74655451 Intron5 DO: CC/TT+CT  61(69.3%) / 27(30.7%) 335(64.3%) / 186(35.7%) 0.361
RE: TT/CT+CC 1(1.1%) / 87(98.9%) 20(3.8%) / 501(96.2%) 0.340
CO:TT/CT/CC 1(1.1%) / 26(29.5%) / 61(69.3%) 20(3.8%) / 166(31.9%) / 335(64.3%) 0.460
rs4629571 74658304 3'Flanking DO: AA/GG+GA  72(81.8%) / 16(18.2%) 428(82.1%) / 93(17.9%) 0.940
RE: GG/ GA+AA 2(2.3%) / 86(97.7%) 4(0.80%) / 517(99.2%) 0210
CO: GG/ GA/AA 2(2.3%) / 14(15.9%) / 72(81.8%) 4(0.80%) / 89(17.1%) / 428(82.1%) 0.336

Note. RCR, residual cholesterol risk; HMGCR, 3-hydroxy-3-methylglutaryl-coenzyme A reductase; NPCILI, Niemann-Pick Cl-like 1; DO, dominant model; RE, recessive model; CO,

codominant model

frequency of genotype of 4 SNPs including rs11763759,
rs4720470, rs2072183, and rs2073547 (P>0.05) (Table 2).
Univariate and multivariable logistic regressions
showed that there was no significant association between
the 4 SNPs within NPCILl1 and RCR (LDL-C>1.8
mmol/L) in PTVD patients treated with long-term mod-
erate-intensity statins in three models (P>0.05) (Fig. 2).

Sex-specific difference

We further carried out the interaction of sex*gene poly-
morphisms (NPCILI and HMGCR) on the risk of RCR.
There was no sex - gene polymorphisms interaction
under any models in the overall population (all p for
interaction>0.05), indicating that the result was consis-
tent in women and men.

Discussion

There are individual variations in the efficacy of statins
in many ASCVD patients. We tested SNPs in two genes
(HMGCR and NPCILI) related to dyslipidemia in PTVD
patients treated with moderate-intensity statins, and
investigated the association between their SNPs and RCR
(LDL-C>1.8 mmol/L). The results showed that (1) We
proved for the first time that the homozygote (CC) for
the minor allele of rs12916 within HMGCR gene was the
independent risk factor of RCR (LDL-C>1.8 mmol/L) in
PTVD patients treated with moderate-intensity statins,

and the risk of RCR (LDL-C>1.8 mmol/L) in genotype
CC carriers increased to 2.08 times in recessive model
and 2.26 times in codominant model; (2) No statisti-
cally significant association was observed between other
SNPs (rs2303151 and rs4629571) within HMGCR gene
and four SNPs (rs11763759, rs4720470, rs2072183, and
rs2073547) within NPCI1LI gene and RCR (LDL-C>1.8
mmol/L) in PTVD patient treated with moderate-inten-
sity statins (without receiving ezetimibe or PCSK9i) in
three models.

HMGCR gene located in chromosome 5 encodes
HMGCR proteins, a rate-limiting enzyme of endog-
enous cholesterol synthesis and the target of statins. By
inhibiting HMGCR protein, statins can reduce choles-
terol synthesis in the liver, upregulate LDL-C recep-
tors and lower cardiovascular risk [2]. NPCIL1 gene
located in chromosome 7 encodes NPC1L1 proteins, a
key protein for cholesterol absorption in intestine and
the target of ezetimibe. By inhibiting NPC1L1 protein,
ezetimibe can reduce exogenous cholesterol absorption
and then lower the cardiovascular risk [4]. It’s reported
that both HMGCR and NPCILI genes had many func-
tional effects [17]. Since PTVD poses a significant threat
to human health in the world, early diagnosis and timely
and aggressive therapeutic intervention are particu-
larly important. Investigating the genetic variation of
CHD has important guiding significance for exploring
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Univariate logistic regression

Multivariate logistic regression

- IR OR (95%Cl) P value OR (95% CI) P value
NPC1l1 gene
rs11763759 T>C Dominant  CC+CT /TT S 0.83 0.40-1.70 0.607 P— 0.82 0.40-1.69 0.595
Recessive  CC/CT+TT — 034 003-374 0374 +e——— | 036 003407 0363
Codominant CT/TT . 0.88 0.42-1.87 0.746 — 0.87 041186 0.874
cc/TT —— 033 003370 0369 re——— | 036 003403 0358
rs4720470 C>T Dominant  TT+CT/CC e 135 0.86-2.13 0.191 | -— 136 0.87-2.15 0.180
Recessive  TT/CT+CC ol 0.78 0.40-1.52 0.462 ol 079 0.41-1.55 0.493
Codominant CT/CC o 1.53 0.93-2.51 0.096 | S— 154 093253 0.092
TT/CC 4—i 093 0.47-1.88 0.848 gy 095 0.47-1.92 0.891
rs2072183 G>C Dominant  CC+GC / GG 1 1.00 0.63-1.59 0.994 e 098 0.62-1.56 0.938
Recessive  CC/GC+GG ol 0.82 0.43-157 0.551 o 0.82 0.43-1.56 0.541
Codominant GC /GG - 1.05 0.65-1.72 0.838 ! 103 0.63-1.69 0.904
CC/GG o 0.85 0.42-1.69 0.636 el 0.83 0.41-1.67 0.603
rs2073547 A>G Dominant  GG+GA /AA e 096 0.60-1.52 0.846 -y 093 059-1.48 0.765
Recessive GG /GA+AA v 0.84 0.44-159 0.587 o 0.84 044159 0.583
Codominant GA / AA 4 099 0.61-1.62 0.979 e 097 0.59-1.58 0.894
GG /AA o 0.83 0.42-1.67 0.609 o 0.82 0.41-1.65 0.577
HMGCR gene
rs12916 T>C Dominant  CC+CT/TT e—i 142 0.87-2.32 0.163 o 142 087-232 0.165
Recessive  CC/CT+TT —— 210 1.17-3.77 0.013 — 208 116375 0.015
Codominant CT/TT p— 113 0.68-1.90 0.636 —o— 114 068192 0.621
cC/TT —e—— 237 116442 0016 —e——— 226 116443 0.017
rs2303151 C>T Dominant  TT+CT/CC Ho— 1.25 0.77-2.04 0.362 e 125 077204 0373
Recessive  TT/CT+CC H————— 347 1462621 0227 ——————e—— 348 0462638 0.228
Codominarit ‘CT /.CC o 1.16 0.71-1.91 0.551 Ho—i 116 0.71-1.90 0.564
TT/CC H————— 364 ).4827.6¢ 0211 ——————e—— 365 0482779 0212
rs4629571 A>G Dominant ~ GG+GA / AA 4 0.98 0.54-1.76 0.940 B 097 054-1.75 0.921
Recessive GG /GA+AA  t——i 033 0.06-1.84 0208  re——i 033 0.06-1.85 0.207
Codominant GA / AA - 1.07 0.581.98 0.831 —— 1.06 0.57-197 0.848
GG /AA r——i 034 0.06-1.87 0213  re——i 034 0.06-1.87 0.212
| N T S — T T | r T T T 1

iy
o
—
o
w
N
W

o
—
[ ]
w
'
w

Fig. 2 Logistic regression analysis between HMGCR and NPCL1L gene polymorphisms and residual cholesterol risk
HMGCR, 3-hydroxy-3-methylglutaryl-coenzyme A reductase; NPC1L1, Niemann-Pick C1-like 1; OR, odds ratio; Cl, confidential interval

its mechanism, screening high-risk patients with pre-
mature CHD, and improving treatment strategies. Our
previous study showed that HMGCR and NPCILI gene
polymorphisms were associated with the susceptibil-
ity of PTVD [18] and the risk of diabetes in PTVD [19].
However, the data about the association of the two genes
with PTVD was still scarce. Previous studies demon-
strated that alternative splicing of HMGCR was associ-
ated with individual variability in statin efficacy, [20, 21]
and the variant HMGCR gene was not only associated
with LDL-C concentrations [9] but also raised CHD risk,
particularly in patients with severe coronary artery dis-
ease [11]. Given there is a lack of association analysis of
HMGCR and NPCIL1 gene polymorphisms with RCR
(LDL-C>1.8 mmol/L), the present study aimed to exam-
ine the association of HMGCR and NPCILI gene poly-
morphisms with RCR (LDL-C>1.8 mmol/L) in patients
with PTVD and found that variant HMGCR gene can
cause an increased risk of RCR, which provides knowl-
edge of new genetic factors that predispose to cardiovas-
cular diseases. The clinical value of our study lies in the

early genetic detection to identify those who may be less
likely to achieve LDL-C<1.8 mmol/L after statins, pro-
viding clues for the precise treatment of drugs in PTVD
patients. The differences in the observed and expected
values of the distributed frequencies of the three geno-
types were not significant, which showed that the sample
is from a large group in random mating equilibrium and
is representative.

Several studies reported the association analysis
between HMGCR gene polymorphisms and reduc-
tion in LDL-C response to statins. Chasman et al. [22]
found that SNP12 and SNP29 within HMGCR gene
were associated with the lower efficacy of pravastatin.
Krauss et al. [23] found that H7 and/or H2 (haplotypes
within HMGCR) carriers were associated with the lower
efficacy of simvastatin. However, there were also some
studies with opposite results. Polisecki et al. [24] tested
HMGCR intron 18 T>G (rs17238540) and found that
there was no association between these rare allele car-
riers and the efficacy of pravastatin. Donnelly et al. [25]
found that there was no association between rs17238540
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within HMGCR and the efficacy of various statins (ator-
vastatin, cerivastatin, fluvastatin, rosuvastatin, and sim-
vastatin). Besides, only the study conducted by Singer
et al. [26] contained an SNP in our study (rs12916) and
found that there was no association between five SNPs
(rs17244841, rs5908, rs17238540, rs12916, and Dletion)
and the efficacy of fluvastatin in renal transplant recipi-
ents, which was inconsistent with our results. The fol-
lowing reasons may explain the discrepancy: (1) Different
study populations. Singer et al. [26]. enrolled renal trans-
plant recipients while we enrolled patients with PTVD
[rs12916-(T vs. C): 594:624; and rs12916-(TT vs. TC vs.
CC): 157:280:172]; (2) Different evaluation endpoints.
We took LDL-C concentrations below 1.8 mmol/L as the
evaluation endpoint rather than the magnitude of the
LDL-C reduction response to statins, because the former
is the target of statins and is a more accurate indicator
of the efficacy of statins; (3) Different ethnic groups. The
different genes between Asian and European and Ameri-
can populations may have effects on the results. It’s worth
mentioning that the magnitude of LDL-C reduction after
the use of statins was regarded as the evaluation endpoint
in all of the studies above-mentioned, however, the cur-
rent guidelines place more emphasis on the target level
of LDL-C (<1.8 mmol/L) after the use of lipid-lowering
drugs than the magnitude of LDL-C reduction.

The SNP rs12916 in HMGCR is located on human chr
5: 74,656,539, belonging to the 3 prime UTR variant. It
has been repeatedly established that rs12916 was asso-
ciated with LDL-C in genome-wide association analysis
and candidate gene association studies. Previous studies
[27, 28] confirmed that the rs12916-T allele in HMGCR
was closely associated with lower expression of HMGCR
proteins and lower circulating LDL-C concentrations in
the liver. In other words, the rs12916-C allele in HMGCR
was associated with higher HMGCR proteins and higher
circulating LDL-C concentrations in the liver. Moreover,
rs12916 in the HMGCR gene was associated with the
coagulation function [29], higher risk of type 2 diabetes
mellitus [19, 30], and serum LDL-C [31, 32] and other
concentrations of apoprotein B-containing lipoproteins
levels [32]. Rs12916-T, which was associated with lower
HMGCR expression mimics the well-known effects of
statins and is used as the instrumental variable to proxy
statin treatment in the Mendelian randomization study
[32]. It’'s worth noting that researchers conducted a men-
delian randomization study to further understand the
pharmacological action of statins and discovered that
rs12916 is closely associated with intricate metabolic
changes related to statins, such as lipid reduction beyond
LDL-C [33]. Interestingly, our findings showed that the
rs12916 CC genotype is the independent risk factor of
RCR (LDL-C>1.8 mmol/L), which further supported the
notion that variant rs12916 is connected to poor efficacy
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of statins and further enriched the understanding of this
SNP rs12916. However, the detailed mechanisms are
still not clear, which is worth further investigation in the
future.

No association was observed between NPCILI gene
polymorphisms (rs11763759, rs4720470, rs2072183, and
rs2073547) and RCR (LDL-C>1.8 mmol/L) in the study.
In spite of this, our previous study [11] showed that
NPCIL1 gene polymorphisms were associated with the
prognosis of TVD. Inconsistent with our results, several
previous studies [34—36] reported variant NPCIL1 gene
was associated with LDL-C reduction response to statins
or a combination of statins and ezetimibe. The negative
outcome in the present study may result from the popu-
lations treated with statins but without ezetimibe, since
statin targets HMGCR while ezetimibe targets NPC1L1.
Different study populations may also explain the discrep-
ancy. In the future, we can further investigate whether
these SNPs of the NPCILI are associated with individual
variations of the efficacy of ezetimibe in patients treated
with ezetimibe.

In Chinese residents, the prevalence of dyslipidemia
maintains at a high level, but the awareness rate, treat-
ment rate and control rate of dyslipidemia are all at
a low level. As for the RCR (LDL-C<1.8 mmol/L), in
other words, the standard-reaching rate of LDL-C, is
also relatively low in the Chinese population. Consis-
tent with the previous studies [37-39], the patients in
our study reached the standard rate of LDL-C was also
low, only 14.5% of the patients reached the LDL-C<1.8
mmol/L, which caused the ratio of non-RCR group and
RCR group nearly 1:6. To further reduce the risk of car-
diovascular events in patients at high risk of CHD, the
guidelines recommend that it is very important to reach
the target of LDL-C as early as possible. Previously, there
was no research to discuss the use of specific genetic test-
ing to determine whether LDL-C achieves the target con-
siderations after statins. Hence, the present study was the
first to report that the risk of RCR increased to more than
2-fold in rs12916 genotype CC carriers, indicating that
HMGCR genetic testing may be utilized to early screen
patients with poor efficacy following moderate-intensity
statins among those at high risk of CHD. For these peo-
ple with poor efficacy, the early use of intensive statins
or a combination of non-statin lipid-lowering drugs (e.g.
ezetimibe or PCSK9i) can be considered in clinical prac-
tice to make LDL-C concentrations reach the target early
and then reduce cardiovascular events risk, which may
bring long-term benefits.

There was limited data on the genetic background of
PTVD, especially the content of our two genes of inter-
est, HMGCR and NPCILI, and our study fills the gap
in this field and might add something new to precision
treatment of statins. There are some limitations to our
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study that should be noted. Firstly, all participants came
from China. Whether the relationship exists among other
ethnic groups needs to be further studied. Second, all
participants have taken moderate-intensity statins, and
the prescribed statins included atorvastatin, simvastatin,
rosuvastatin, pivastatin, and fluvastatin. Although the
target of all statins is HMGCR, whether the different
sorts of statins may have an impact on the results needs
to be further studied. Third, unmeasured confounding
factors (such as the type of diet) still cannot be ruled out
as related to the risk of RCR, although we attempted to
adjust for as many important confounding factors as pos-
sible. Fourth, further bioinformatic analysis should be
carried out in the future.

Conclusion

To our knowledge, the present study first reported that
carrying the homozygote (CC) for the minor allele of
rs12916 within HMGCR gene was the independent risk
factor of RCR (LDL-C>1.8 mmol/L) in PTVD patients
treated with moderate-intensity statins. Our results pro-
vided new insights into individualized lipid-lowering
therapy. HMGCR genetic testing may be utilized to early
screen patients with poor efficacy following moderate-
intensity statins, and for these patients, initiating early
use of intensive statins or a combination of non-statin
lipid-lowering drugs may further reduce cardiovascular
risk.
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