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Abstract
Background Coronary artery calcification (CAC) is a highly specific marker of atherosclerosis. Niemann-Pick 
C1-like 1 (NPC1L1) and 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) are the therapeutic targets of 
ezetimibe and statins, respectively, which are important for the progression of atherosclerosis. However, CAC’s genetic 
susceptibility with above targets is still unknown. We aimed to investigate the association of NPC1L1 and HMGCR gene 
polymorphisms with CAC in patients with premature triple-vessel disease (PTVD).

Methods Four single nucleotide polymorphisms (SNPs) (rs11763759, rs4720470, rs2072183, rs2073547) of NPC1L1, 
and three SNPs (rs12916, rs2303151, rs4629571) of HMGCR were genotyped in 872 PTVD patients. According to the 
coronary angiography results, patients were divided into low-degree CAC group and high-degree CAC group.

Results A total of 872 PTVD patients (mean age, 47.71 ± 6.12; male, 72.8%) were finally included for analysis. 
Multivariate logistic regression analysis showed no significant association between the SNPs of NPC1L1 and HMGCR 
genes and high-degree CAC in the total population (P > 0.05). Subgroup analysis by gender revealed that the variant 
genotype (TT/CT) of rs4720470 on NPC1L1 gene was associated with increased risk for high-degree CAC in male 
patients only (OR = 1.505, 95% CI: 1.008–2.249, P = 0.046) in dominant model, but no significant association was found 
in female population, other SNPs of NPC1L1 and HMGCR genes (all P > 0.05).

Conclusions We reported for the first time that the rs4720470 on NPC1L1 gene was associated with high-degree 
CAC in male patients with PTVD. In the future, whether therapies related to this target could reduce CAC and 
cardiovascular events deserves further investigation.
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Introduction
Patients with triple-vessel coronary disease (TVD) may 
have higher risk of death and worse cardiovascular 
outcomes [1], especially in those with premature coro-
nary heart disease (CHD) due to the high likelihood for 
recurrence after initial events [2]. Therefore, prema-
ture triple-vessel coronary disease (PTVD) has already 
risen to a public health problem, which is worthy to 
find biomarkers for early detection and intervention. 
Coronary artery calcification (CAC) is a highly spe-
cific marker of atherosclerosis, and many studies have 
already shown that CAC is an independent predictor 
for long-term risk of cardiovascular events [3, 4]. It 
is generally believed that patients with elevated low-
density lipoprotein cholesterol (LDL-C) not only have 
higher risk for CHD [5], but also is associated with the 
incidence of CAC [6], the mechanism of which may 
be related to its strong pathogenic effect for coronary 
atherosclerosis [7]. Hence, it is worth investigating 
whether there are common pathways between LDL-C 
and CAC.

The regulatory mechanisms of intracellular choles-
terol could be mainly attributed as endogenous cho-
lesterol synthesis and exogenous cholesterol uptake 
by extracellular LDL receptor. The former is catalyzed 
by 3-hydroxy-3-methylglutaryl-coenzyme A reduc-
tase (HMGCR), the target of statins, which is a rate-
limiting enzyme of cholesterol synthesis [8]; the latter 
is regulated by Niemann-Pick C1-like 1 (NPC1L1), the 
target of ezetimibe, which participates in the absorp-
tion of exogenous food cholesterol [9]. A large 2 × 2 
factorial mendelian randomization study [10] showed 
that variants of NPC1L1 and HMGCR genes were 
related to higher risk of CHD. Moreover, our previous 
studies [11–13] demonstrated that single nucleotide 
polymorphisms (SNPs) of NPC1L1 and HMGCR genes 
were associated with residual cholesterol risk, PTVD 
susceptibility, and major adverse cardiac and cerebro-
vascular events (MACCE) in TVD patients. However, 
genetic studies on the association of HMGCR and 
NPC1L1 gene polymorphisms with CAC susceptibility 
has never been reported before.

Therefore, we performed this study to explore 
whether SNPs of NPC1L1 and HMGCR genes were 
associated with high-degree CAC susceptibility in 
PTVD patients, in order to explain the mechanisms 
of CAC in PTVD patients from genetic perspectives, 
which will help to identify patients at high risk for 
CAC, perhaps helping to individualize the treatment of 
such patients in the future.

Methods
Study design and populations
This was a prospective, single-center cohort study. 
8,943 consecutive patients diagnosed as TVD by cor-
onary angiography who were willing to follow-up 
in Fuwai Hospital were enrolled from April 2004 to 
February 2011. The methodology had already been 
described in previous studies [14, 15]. The definition 
of PTVD was defined as patients with TVD (angio-
graphic stenosis of ≥ 50% in all three main coronary 
arteries, with or without the left main artery involved), 
and met the age requirement (male ≤ 50 years old 
or female ≤ 60 years old) [16]. Among them, a total 
of 1,792 patients met the PTVD criteria. Finally, 872 
patients who had blood samples and met the test-
ing criteria were enrolled in the current analysis. The 
precise inclusion and exclusion criteria were shown in 
Fig. 1. General information, baseline data, past history, 
and laboratory tests of all patients were collected on 
admission, above which were recorded in a dedicated 
database by independent research personnel. The 
Declaration of Helsinki protocols were followed. The 
research protocol was approved by the ethics commit-
tee of Fuwai Hospital. Written informed consent was 
obtained from all participants.

Definitions and groups
Patients were subsequently categorized into low-
degree CAC group or high-degree CAC group accord-
ing to the calcification severity of the target lesion. 
Severity of calcification was classified from visual 
assessment via coronary angiography by two experi-
enced interventional cardiologists who were indepen-
dent of this study. None and mild calcification were 
defined as low-degree CAC. Moderate (radiopacities 
noted with cardiac motion before contrast injection) 
and severe calcification (radiopacities noted without 
cardiac motion before contrast injection) were defined 
as high-degree CAC [17, 18].

Blood sampling and DNA extraction
Fasting blood samples were drawn from all patients 
within 24  h of admission and genomic DNA was 
extracted from leukocytes through the standard salt-
ing-out method [19]. The samples were stored in a 
refrigerator at − 80  °C. By consulting the previous lit-
erature and HapMap project (http://hapmap.ncbi.nlm.
nih.gov) of the Chinese in Beijing with a minor allele 
frequency ≥ 0.05, the following SNPs were selected, 
including four NPCIL1 sites (rs11763759, rs4720470, 
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rs2072183, and rs2073547) and three HMGCR sites 
(rs12916, rs2303151, and rs4629571). The SNP geno-
typing was performed using an improved multiplex 
ligation detection reaction technique [20], which was 
newly developed by Genesky Biotechnologies Inc. 
(Shanghai, China) with a custom-by-design 48-Plex 
SNPscan™ Kit (Cat#:G0104; Genesky Biotechnolo-
gies Inc., Shanghai, China). This kit was developed 
according to patented SNP genotyping technology by 
Genesky Biotechnologies Inc., which was based on 
double ligation and multiplex fluorescence PCR. All 
probes were designed by and ordered from Genesky 
Biotechnologies Inc. (Shanghai, China). Our actual 
steps were illustrated in Supplementary Methods 
(Additional File 1).

Laboratory index measurement
The blood cell counts were assayed with Sysmex XN 
2000 Automatic Hemocytometer (Sysmex Corpora-
tion, Kobe, Japan). The concentrations of fasting blood 
glucose were measured using the glucose assay kit 
(Biosino Bio-Technology And Science Incorporation, 
Beijing, China) with glucose oxidase method. Total 
cholesterol with CHOD-PAP method, and triglyceride 
with GPO-PAP method were determined using cor-
responding commercially available test kits (Biosino 
Bio-Technology and Science Incorporation, Beijing, 
China). Plasma high-density lipoprotein cholesterol 
with chemistry modify enzyme method and LDL-C 
with selective melt method were determined using 
corresponding commercially available test kits (Mina-
ris Medical (Shanghai) Co., Ltd., Shanghai, China). 

Fig. 1 Patient flowchart. TVD: triple-vessel coronary disease; PTVD: premature triple-vessel coronary disease; SNP: single nucleotide polymorphisms; 
NPC1L1: Niemann-Pick C1-like 1; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme a reductase; CAC: coronary artery calcification
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Other laboratory indicators were assayed at the bio-
chemistry center of Fuwai Hospital by standard bio-
chemical techniques.

Statistical analysis
Mean with standard deviation was used to describe nor-
mally distributed continuous variables, and Student’s 
t-test was used to compare the differences. M (Q1, Q3) 
was used to describe abnormally distribute continuous 
variables, and Mann-Whitney U test was used to com-
pare the differences. Frequency and percentage were 
used to describe categorical variables, and Pearson chi-
square test or Fisher’s exact probability method were 
used to compare the differences. Univariate and multi-
variate logistic regression analysis adjusted for age and 
sex were used to estimate the odds ratio (OR) and 95% 
confidence intervals (CI) for risk of high-degree CAC 
associated with selected SNPs. All statistical tests were 
two-sided with a significant level of 0.05. Statistical 
analyses were performed using SPSS 26.0 software (IBM 
Corp., Armonk, New York, USA).

Results
Baseline characteristics
A total of 872 PTVD patients were finally included 
(mean age, 47.71 ± 6.12 years; male, 72.8%). Among them, 
there were 173 patients (19.8%) in the high-degree CAC 
group, and 699 (80.2%) patients were in the low-degree 
CAC group. Compared with the low-degree CAC group, 
patients in the high-degree CAC group were more often 
with prior use of statins (P < 0.001) and higher systolic 
blood pressure (P = 0.033) (Table 1).

The frequency of gene polymorphisms
The genotype distribution of polymorphisms in overall 
enrolled patients was conformed to Hardy–Weinberg 
equilibrium (both P > 0.05, Table S1) (Additional File 2). 
The frequency of gene polymorphisms of four SNPs of 
NPC1L1 (rs11763759, rs4720470, rs2072183, rs2073547) 
and three SNPs of HMGCR (rs12916, rs2303151, 
rs4629571) were compared between high-degree CAC 
and low-degree CAC group, and there was no significant 
difference in the frequency of gene polymorphisms of 
above SNPs between two groups (all P > 0.05) (Table 2).

Gene polymorphisms and CAC susceptibility
SNPs of NPC1L1
After multivariate logistic regression analysis adjusted 
for age and sex, there was no statistical difference among 
rs11763759, rs4720470, rs2072183, and rs2073547 in the 
three genetic models between high-degree CAC group 
and low-degree CAC group in the total population (all 
P > 0.05).

We also conducted subgroup analysis by gender to test 
whether there were differences between male and female 
population, and the results showed that in the male pop-
ulation, the variant genotype (TT/CT) of rs4720470 was 
an independent risk factor for getting high-degree CAC 
in dominant model (OR: 1.505, 95% CI: 1.008–2.249, 

Table 1 Baseline characteristics between two groups
Variables High-degree 

CAC
(n = 173)

Low-degree 
CAC
(n = 699)

P 
value

Sex, M/F 122/51 513/186 0.447
Age, y 48.01 ± 6.50 47.63 ± 6.03 0.473
BMI, kg/m2 26.28 ± 2.75 26.49 ± 3.13 0.395
Diabetes, % 36.4 34.6 0.658
Smoking, % 55.2 54.3 0.834
Prior use of statins, % 85.5 66.7 < 0.001
Hypertension, % 62.4 61.4 0.799
SBP, mm Hg 121.88 ± 17.60 125.14 ± 18.09 0.033
DBP, mm Hg 77.30 ± 11.54 79.21 ± 11.84 0.057
TC, mmol/L 4.74 ± 1.08 4.85 ± 1.19 0.276
TG, mmol/L 2.17 ± 1.40 2.01 ± 1.08 0.146
HDL-C, mmol/L 1.02 ± 0.27 1.00 ± 0.24 0.351
LDL-C, mmol/L 2.61 ± 0.83 2.76 ± 0.97 0.061
Glucose, mmol/L 6.06 ± 2.16 6.32 ± 2.17 0.150
hs-CRP, mg/L 1.96 (0.92, 5.01) 1.90 (0.89, 4.47) 0.927
CAC: coronary artery calcification; BMI: body mass index; SBP: systolic blood 
pressure; DBP: diastolic blood pressure; TC: total cholesterol; TG: triglycerides; 
HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein 
cholesterol; hs-CRP: high sensitive C-reactive protein

Table 2 Frequency of gene polymorphisms in two groups
Gene SNP Genotype High-

degree 
CAC
(n = 173)

Low-degree 
CAC
(n = 699)

P 
value

NPC1L1 rs11763759 TT 153 (88.4%) 622 (89.1%) 0.587
CT 20 (11.6%) 71 (10.2%)
CC 0 (0.0%) 5 (0.7%)

rs4720470 CC 75 (43.6%) 340 (48.6%) 0.402
CT 78 (45.3%) 278 (39.8%)
TT 19 (11.0%) 81 (11.6%)

rs2072183 GG 64 (37.0%) 278 (39.9%) 0.577
CG 81 (46.8%) 326 (46.8%)
CC 28 (16.2%) 93 (13.3%)

rs2073547 AA 64 (37.0%) 276 (39.5%) 0.668
GA 81 (46.8%) 327 (46.8%)
GG 28 (16.2%) 96 (13.7%)

HMGCR rs12916 TT 40 (23.3%) 172 (24.7%) 0.302
TC 89 (51.7%) 317 (45.5%)
CC 43 (25.0%) 208 (29.8%)

rs2303151 CC 118 (68.2%) 440 (62.9%) 0.424
CT 48 (27.7%) 229 (32.8%)
TT 7 (4.0%) 30 (4.3%)

rs4629571 AA 149 (86.1%) 570 (81.5%) 0.387
AG 22 (12.7%) 120 (17.2%)
GG 2 (1.2%) 9 (1.3%)

CAC: coronary artery calcification; SNP: single nucleotide polymorphisms; 
NPC1L1: Niemann-Pick C1-like 1; HMGCR: 3-hydroxy-3-methylglutaryl-
coenzyme A reductase
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P = 0.046). However, the results were not the same in the 
female population, and there was also no statistical differ-
ence among rs11763759, rs2072183 and rs2073547 in the 
three genetic models between two groups (all P > 0.05) 
(Table 3).

SNPs of HMGCR
After multivariate logistic regression analysis adjusted 
for age and sex, there was no statistical difference among 
rs12916, rs2303151, and rs4629571 in the three genetic 
models between high-degree CAC group and low-degree 
CAC group in the total population (all P > 0.05). Even in 
subgroup analysis by gender, the results were also not sig-
nificant in both the male and the female population (all 
P > 0.05) (Table 3).

Sensitivity analysis
In this study, the above results could be affected by the 
prior use of statins. Therefore, we conducted a sensitivity 
analysis in patients without prior use of statins (n = 258) 
to test whether the above results were still significant. 
In the male population without prior use of statins, the 
variant genotype (TT/CT) of rs4720470 on NPC1L1 
gene was still an independent risk factor for getting high-
degree CAC in dominant model (OR: 3.029, 95% CI: 
1.102–8.327, P = 0.032) and in codominant model (OR: 
2.274, 95% CI: 1.162–4.450, P = 0.016). We also found that 
in the total population without prior use of statins, the 
variant genotype (TT/CT) of rs4720470 was an indepen-
dent risk factor for getting high-degree CAC in codomi-
nant model (OR: 1.865, 95% CI: 1.040–3.345, P = 0.037).

Nevertheless, there was still no significant result in the 
female population without prior use of statins, as well as 
the SNPs of HMGCR (all P ≥ 0.05), but interestingly, we 
found that the correlation between the variant genotype 
(CC/CT) of rs12916 on HMGCR gene and high-degree 
CAC was almost close to statistical significance in the 
total population without prior use of statins (P = 0.05). 
Above results of the sensitivity analysis were almost con-
sistent with our primary results, suggesting the stability 
of our investigation (Table 4).

Discussion
We genotyped four SNPs of NPC1L1 (rs11763759, 
rs4720470, rs2072183, rs2073547) and three SNPs of 
HMGCR (rs12916, rs2303151, rs4629571) in 872 PTVD 
patients. The results are as follows: (1) We reported 
for the first time that the variant genotype (TT/CT) 
of rs4720470 on NPC1L1 gene was associated with 
increased risk for high-degree CAC in male patients 
with PTVD in dominant model, but no significant result 
was found in female population; (2) We did not find any 
relationship between these SNPs (rs12916, rs2303151, 

rs4629571) of HMGCR and high-degree CAC, no matter 
in male or female population.

To our knowledge, this is the first report that the vari-
ant genotype (TT/CT) of rs4720470 on NPC1L1 gene 
causes an increased risk of high-degree CAC in male 
patients with PTVD. We have not found any literature 
on the association of NPC1L1 gene polymorphisms with 
CAC susceptibility, and the exact mechanism by which 
this mutation leads to CAC is unclear. The possible rea-
son for this result is that mutations in this locus may 
affect lipid metabolism, which in turn affects the progres-
sion of coronary atherosclerosis and CAC. Some studies 
supported that mutations on NPC1L1 gene leaded to its 
loss of function. Cohen et al. [21] had once demonstrated 
that multiple rare variations in NPC1L1 gene were asso-
ciated with decreased cholesterol absorption and low 
level of plasma LDL-C. Meanwhile, other researches [22, 
23] also reported that mutations on NPC1L1 gene were 
found to be associated with a reduced risk of CHD, with a 
corresponding reduction in LDL-C. However, other stud-
ies supported that mutations on NPC1L1 gene leaded to 
its gain of function. Polisencki et al. [24] indicated that 
variations on the NPC1L1 gene were associated with 
higher total and LDL cholesterol levels and increased 
risk of CHD. Muendlein et al. [25] also reported that 
variations of NPC1L1 gene, particularly the SNP of 
rs55837134, showed a predictive impact on cardiovascu-
lar events. At the same time, our previous studies [11, 12] 
have already demonstrated that the variant genotype of 
rs4720470 on NPC1L1 gene was associated with PTVD 
susceptibility and MACCE in TVD patients. Our cur-
rent study founded that variant genotype of rs4720470 
on NPC1L1 gene could increase CAC in PTVD patients. 
We speculated that the variation of this SNP might acti-
vate NPC1L1 gene function, increasing the level of LDL-
C, and then leads to the progression of atherosclerosis 
and CAC. However, few studies have been reported on 
whether inhibitors of NPC1L1, like ezetimibe, could 
reduce CAC. An animal study [26] demonstrated that, 
compared with statins alone, the combination of ezeti-
mibe significantly reduced the degree of vascular calci-
fication in ApoE−/− and CHOP−/− mice. Another animal 
study [27] also incurred the inhibitory effect of ezetimibe 
on the development of lipid-rich plaque, the mechanisms 
of which may be related to the improved endothelial 
dysfunction, suppressed oxidative stress and the ubiqui-
tination-proteasome system. Both of these two studies 
suggest a protective effect of ezetimibe on atherosclerosis 
and vascular calcification. In a clinical study, Hougaard 
et al. [28] founded that statins monotherapy significantly 
increased CAC in patients with ST-elevation myocar-
dial infarction, but not in patients treated with statins 
combined with ezetimibe. Therefore, we speculated that 
inhibition of NPC1L1 might reduce CAC. In the future, 
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further studies related to its molecular mechanisms could 
be carried out to investigate its potential pathogenesis.

However, our study found that the variant genotype 
(TT/CT) of rs4720470 on NPC1L1 gene was associated 
with high-degree CAC only in the male PTVD popula-
tion, but not in the female PTVD population. The rea-
sons for this result may be described as follows. Firstly, 
our study was carried out in the PTVD population, 
among which the female age was ≤ 60 years old and was 
relatively young, so the coronary artery in this population 
may not have developed to a high degree of calcification. 
Secondly, since previous studies showed that atheroscle-
rosis differed by gender [29] and estrogen had protec-
tive impact on the progression of atherosclerosis [30, 
31]. Several previous studies had already confirmed the 
protective mechanisms of estrogen on vascular calcifica-
tion, including ERα-mediated Gas6 transactivation [32], 
upregulating BMP2 signaling pathway [33], and changing 
vascular RANKL system [34]. The women in our study 
were under 60 years old, and the coronary arteries in 
these population may not have developed to high-degree 
CAC due to the effect of estrogen and other protective 
factors. Thirdly, our study was conducted in the Chinese 
population, and previous study [35] have confirmed that 
the degree of CAC in Chinese is relatively low (77% that 
of whites), and this could be one of the reasons for our 
results. A study from MSEA cohort [36] indicated that 
the degree of CAC was correlated with age, gender and 
race, that is, male, elderly and whites were more likely to 
find high-degree CAC, which further supports why we 
couldn’t find significant result in premature female pop-
ulation. Lastly, it was worth emphasizing that there was 
a significant disproportion between the number of men 
and women, which might affect the results of the analy-
ses. In the future, whether this locus mutation is asso-
ciated with CAC in women older than 60 years of age 
deserves further investigation.

Meanwhile, we also did not find any significant corre-
lation between these SNPs of HMGCR and high-degree 
CAC, no matter in male or female population. In recent 
years, several clinical and genetic studies have conducted 
on the association of HMGCR gene polymorphisms with 
lipid levels or CHD risk. Several studies [37–39] have 
indicated that presence of HMGCR mutations was cor-
related with affected statins therapy and LDL-C level, 
which is consistent with our current published research 
[13] that the variant genotype of rs12916 within HMGCR 
gene may incur a significantly higher risk of residual cho-
lesterol risk in PTVD patients treated with statins. As for 
risk of CHD, study conducted by Ference et al. [10] sug-
gested that polymorphisms of HMGCR gene were related 
to lower risk of CHD. Kettunen et al. [40] and our previ-
ous study [11, 12] reported that the reduced expression of 
rs12916 on HMGCR gene could reduce the risk of CHD. 

As a result, we speculated mutations on HMGCR gene 
might change its function and in turn, change in lipid 
level and progression of atherosclerosis. However, we did 
not find any relationship between these SNPs of HMGCR 
and CAC. In review of previous SNP studies on HMGCR 
gene, we did not retrieve any report on its relationship to 
CAC. In recent years, the management of CHD patients 
is becoming more standardized, and statins have been 
widely used in these patients. Statins increased the risk of 
CAC by potentially making plaque’s microcalcifications 
more fused and denser, and then increasing its steadily 
[41]. Previous studies [42, 43] have already demonstrated 
that statins pharmacotherapy increased CAC and 70.4% 
of our study population had prior use of statins, so this 
could be the potential reason why we couldn’t find sig-
nificant correlation between SNPs of HMGCR gene and 
CAC. Interestingly, in our sensitivity analysis for patients 
without prior use of statins, the correlation between the 
variant genotype (CC/CT) of rs12916 on HMGCR gene 
and high-degree CAC was close to statistical signifi-
cance in dominant model (P = 0.05). In the future, larger 
scale of investigation could be carried out to further test 
their relationship, as well as functional studies to explore 
potential mechanisms.

Although the genetic factors involved in CHD have 
been confirmed by genome-wide association studies, 
substantial association between gene polymorphisms 
and the occurrence and prognosis of CHD remains to 
be clarified [44]. To our knowledge, we first reported 
the relationship between lipid regulatory genes NPC1L1 
and HMGCR and CAC, revealing that variations on lipid 
regulatory genes play a crucial role in the occurrence 
and progression of atherosclerosis. The findings of these 
relationships might help us to predict high risk of CAC 
in patients with PTVD, and seek for new therapeutic tar-
gets, aiming to reduce CAC and further improve their 
cardiovascular outcomes. In the future, whether editing 
of these genes or inhibition of their proteins’ function 
can reduce CAC and improve cardiovascular outcomes 
deserves further exploration. Meanwhile, except for 
NPC1L1 and HMGCR genes, other lipid regulatory genes 
like PCSK9, APOB, ABCG5-G8, KCNK5, LDLR, LPA, et 
al. have also been provided the evidence to their critical 
role in CHD risk [45], and further investigations on these 
genes’ SNPs with CAC susceptibility is worthy.

Limitations
There are some limitations to our study that should be 
taken into consideration. First, this is a single-center 
cohort study, which may limit its generalizability. Sec-
ond, even though a large scale of population had been 
screened, the final sample size was relatively small, which 
required a larger size of sample to validate our conclu-
sions. Third, lack of the gynecological disease history and 
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estrogen level data of female patients, and the dispropor-
tion between the number of men and women may further 
affect the final results. Fourth, our study only enrolled 
Chinese population, so whether our conclusions differ 
from different races needs further investigation in the 
future.

Conclusions
We report variant genotype (TT/CT) of rs4720470 on 
NPC1L1 gene is related to the risk of high-degree CAC in 
male patients with PTVD, which help clinicians to early 
identify high-risk patients, and suggests that NPC1L1 
may act as an important channel for CAC from the per-
spective of genetic polymorphisms. However, we do not 
find the correlation between these SNPs of NPC1L1 and 
high-degree CAC in female population with PTVD. The 
relationship between these SNPs of HMGCR and high-
degree CAC is not significant in both male and female 
population with PTVD.

Abbreviations
TVD  triple-vessel coronary disease
PTVD  premature triple-vessel coronary disease
CHD  coronary heart disease
CAC  coronary artery calcification
LDL-C  low-density lipoprotein cholesterol
HMGCR  3-hydroxy-3-methylglutaryl-coenzyme A reductase
NPC1L1  Niemann-Pick C1-like 1
SNPs  single nucleotide polymorphisms
MACCE  major adverse cardiac and cerebrovascular disease
OR  odds ratio
CI  confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12920-024-01802-0.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We thank all the staff for their data collection, analysis, revision, and 
monitoring in this study. The part of contents of this manuscript has been 
presented at the ACC.2022 Annual Scientific Sessions [46].

Author contributions
ZXY, YJQ, SL, HRT and GRL contributed to the conception or design of the 
work. TXF, XJJ, JL, LR, JL, TJ, ZY and WD contributed to the data acquisition. 
LYL, LJW, SK and XB contributed to the analysis, or interpretation of data of 
the work. LYL drafted the manuscript. ZXY, YJQ and SL critically revised the 
manuscript. All gave final approval and agree to be accountable for all aspects 
of work ensuring integrity and accuracy.

Funding
This study was funded by Young and middle-aged talents in the XPCC Science 
and Technology Project (2020CB012), Beijing Natural Science Foundation 
(7181008), CAMS Innovation Fund for Medical Sciences (CIFMS) (2020-I2M-
C&T-B-052), and the National Key Research and Development Program of 
China (No. 2016YFC1301300 and No. 2016YFC1301301).

Data availability
Due to ethical restrictions related to the consent given by subjects at the time 
of study commencement, our datasets are available from the corresponding 

author upon reasonable request after permission of the Institutional Review 
Board of National Clinical Research Center for Cardiovascular Diseases, State 
Key Laboratory of Cardiovascular Disease, Fuwai Hospital, National Center for 
Cardiovascular Diseases.

Declarations

Ethics approval and consent to participate
In this manuscript, all methods were carried out in accordance with relevant 
guidelines and regulations. All experimental protocols were approved by 
the Ethics committee of National Clinical Research Center for Cardiovascular 
Diseases, State Key Laboratory of Cardiovascular Disease, Fuwai Hospital, 
National Center for Cardiovascular Diseases. (Ethics Approval Number: 
2021 − 1579). Written informed consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1National Clinical Research Center for Cardiovascular Diseases, State Key 
Laboratory of Cardiovascular Disease, Fuwai Hospital, National Center 
for Cardiovascular Diseases, Chinese Academy of Medical Sciences and 
Peking Union Medical College, No. 167 Beilishi Road, Xicheng District, 
Beijing 100037, China

Received: 5 January 2023 / Accepted: 9 January 2024

References
1. Villines TC, Hulten EA, Shaw LJ, et al. Prevalence and severity of coronary 

artery disease and adverse events among symptomatic patients with 
coronary artery calcification scores of zero undergoing coronary computed 
tomography angiography: results from the CONFIRM (coronary CT angiogra-
phy evaluation for clinical outcomes: an International Multicenter) registry. J 
Am Coll Cardiol. 2011;58:2533–40. https://doi.org/10.1016/j.jacc.2011.10.851.

2. Collet JP, Zeitouni M, Procopi N, et al. Long-term evolution of premature 
coronary artery disease. J Am Coll Cardiol. 2019;74:1868–78. https://doi.
org/10.1016/j.jacc.2019.08.1002.

3. Khan SS, Post WS, Guo X, et al. Coronary artery calcium score and polygenic 
risk score for the prediction of Coronary Heart Disease events. JAMA. 
2023;329:1768–77. https://doi.org/10.1001/jama.2023.7575.

4. Budoff MJ, Kinninger A, Gransar H, et al. When does a calcium score equate 
to secondary Prevention? Insights from the multinational CONFIRM Registry. 
JACC Cardiovasc Imaging. 2023;16:1181–9. https://doi.org/10.1016/j.
jcmg.2023.03.008.

5. Mortensen MB, Dzaye O, Bøtker HE, et al. Low-density lipoprotein cholesterol 
is predominantly Associated with Atherosclerotic Cardiovascular Disease 
events in patients with evidence of coronary atherosclerosis: the west-
ern Denmark Heart Registry. Circulation. 2023;147:1053–63. https://doi.
org/10.1161/circulationaha.122.061010.

6. Cardoso R, Generoso G, Staniak HL, et al. Predictors of coronary artery calcium 
incidence and progression: the Brazilian Longitudinal Study of Adult Health 
(ELSA-Brasil). Atherosclerosis. 2020;309:8–15. https://doi.org/10.1016/j.
atherosclerosis.2020.07.003.

7. Ference BA, Ginsberg HN, Graham I, et al. Low-density lipoproteins cause ath-
erosclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, 
and clinical studies. A consensus statement from the European Atheroscle-
rosis Society Consensus Panel. Eur Heart J. 2017;38:2459–72. https://doi.
org/10.1093/eurheartj/ehx144.

8. Almeida SO, Budoff M. Effect of statins on atherosclerotic plaque. Trends 
Cardiovasc Med. 2019;29:451–5. https://doi.org/10.1016/j.tcm.2019.01.001.

9. Pirillo A, Catapano AL, Norata GD. Niemann-pick C1-Like 1 (NPC1L1) inhibi-
tion and Cardiovascular diseases. Curr Med Chem. 2016;23:983–99. https://
doi.org/10.2174/0929867323666160229114111.

10. Ference BA, Majeed F, Penumetcha R, et al. Effect of naturally random alloca-
tion to lower low-density lipoprotein cholesterol on the risk of coronary heart 

https://doi.org/10.1186/s12920-024-01802-0
https://doi.org/10.1186/s12920-024-01802-0
https://doi.org/10.1016/j.jacc.2011.10.851
https://doi.org/10.1016/j.jacc.2019.08.1002
https://doi.org/10.1016/j.jacc.2019.08.1002
https://doi.org/10.1001/jama.2023.7575
https://doi.org/10.1016/j.jcmg.2023.03.008
https://doi.org/10.1016/j.jcmg.2023.03.008
https://doi.org/10.1161/circulationaha.122.061010
https://doi.org/10.1161/circulationaha.122.061010
https://doi.org/10.1016/j.atherosclerosis.2020.07.003
https://doi.org/10.1016/j.atherosclerosis.2020.07.003
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1016/j.tcm.2019.01.001
https://doi.org/10.2174/0929867323666160229114111
https://doi.org/10.2174/0929867323666160229114111


Page 10 of 10Li et al. BMC Medical Genomics           (2024) 17:22 

disease mediated by polymorphisms in NPC1L1, HMGCR, or both: a 2 × 2 
factorial Mendelian randomization study. J Am Coll Cardiol. 2015;65:1552–61. 
https://doi.org/10.1016/j.jacc.2015.02.020.

11. Zhao X, Li J, Tang X, et al. Association of NPC1L1 and HMGCR gene polymor-
phisms with major adverse Cardiac and cerebrovascular events in patients 
with three-vessel disease. Hum Gene Ther. 2021;32:581–8. https://doi.
org/10.1089/hum.2020.229.

12. Zhao X, Xu J, Tang X, et al. Effect of NPC1L1 and HMGCR genetic variants 
with premature triple-vessel coronary disease. Front Cardiovasc Med. 
2021;8:704501. https://doi.org/10.3389/fcvm.2021.704501.

13. Li J, Tang X, Xu J, et al. HMGCR gene polymorphism is associated with residual 
cholesterol risk in premature triple-vessel disease patients treated with 
moderate-intensity statins. BMC Cardiovasc Disord. 2023;23:317. https://doi.
org/10.1186/s12872-023-03285-w.

14. Zhang C, Jiang L, Xu L, et al. Implications of N-terminal pro-B-type natriuretic 
peptide in patients with three-vessel disease. Eur Heart J. 2019;40:3397–405. 
https://doi.org/10.1093/eurheartj/ehz394.

15. Zhao X, Jiang L, Xu L, et al. Predictive value of in-hospital white blood cell 
count in Chinese patients with triple-vessel coronary disease. Eur J Prev 
Cardiol. 2019;26:872–82. https://doi.org/10.1177/2047487319826398.

16. Do R, Stitziel NO, Won HH, et al. Exome sequencing identifies rare LDLR and 
APOA5 alleles conferring risk for myocardial infarction. Nature. 2015;518:102–
6. https://doi.org/10.1038/nature13917.

17. Mintz GS, Popma JJ, Pichard AD, et al. Patterns of calcification in coronary 
artery disease. A statistical analysis of intravascular ultrasound and coronary 
angiography in 1155 lesions. Circulation. 1995;91:1959–65. https://doi.
org/10.1161/01.cir.91.7.1959.

18. Jia S, Li J, Zhang C, et al. Long-term prognosis of moderate to severe coronary 
artery calcification in patients undergoing percutaneous coronary interven-
tion. Circ J. 2020;85:50–8. https://doi.org/10.1253/circj.CJ-20-0761.

19. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting 
DNA from human nucleated cells. Nucleic Acids Res. 1988;16:1215. https://
doi.org/10.1093/nar/16.3.1215.

20. Tan L, Yu JT, Zhang W, et al. Association of GWAS-linked loci with late-onset 
Alzheimer’s disease in a northern Han Chinese population. Alzheimers 
Dement. 2013;9:546–53. https://doi.org/10.1016/j.jalz.2012.08.007.

21. Cohen JC, Pertsemlidis A, Fahmi S, et al. Multiple rare variants in NPC1L1 asso-
ciated with reduced sterol absorption and plasma low-density lipoprotein 
levels. Proc Natl Acad Sci U S A. 2006;103:1810–5. https://doi.org/10.1073/
pnas.0508483103.

22. Lauridsen BK, Stender S, Frikke-Schmidt R, et al. Genetic variation in the 
cholesterol transporter NPC1L1, ischaemic vascular disease, and gallstone 
disease. Eur Heart J. 2015;36:1601–8. https://doi.org/10.1093/eurheartj/
ehv108.

23. Stitziel NO, Won HH, Morrison AC, et al. Inactivating mutations in NPC1L1 and 
protection from coronary heart disease. N Engl J Med. 2014;371:2072–82. 
https://doi.org/10.1056/NEJMoa1405386.

24. Polisecki E, Peter I, Simon JS, et al. Genetic variation at the NPC1L1 gene 
locus, plasma lipoproteins, and heart disease risk in the elderly. J Lipid Res. 
2010;51:1201–7. https://doi.org/10.1194/jlr.P001172.

25. Muendlein A, Leiherer A, Saely CH, et al. Common single nucleotide polymor-
phisms at the NPC1L1 gene locus significantly predict cardiovascular risk in 
coronary patients. Atherosclerosis. 2015;242:340–5. https://doi.org/10.1016/j.
atherosclerosis.2015.07.011.

26. Miyazaki-Anzai S, Masuda M, Demos-Davies KM, et al. Endoplasmic reticulum 
stress effector CCAAT/enhancer-binding protein homologous protein (CHOP) 
regulates chronic kidney disease-induced vascular calcification. J Am Heart 
Assoc. 2014;3:e000949. https://doi.org/10.1161/jaha.114.000949.

27. Nakagami H, Osako MK, Takami Y, et al. Vascular protective effects of ezeti-
mibe in ApoE-deficient mice. Atherosclerosis. 2009;203:51–8. https://doi.
org/10.1016/j.atherosclerosis.2008.05.026.

28. Hougaard M, Hansen HS, Thayssen P, et al. Influence of Ezetimibe on Plaque 
morphology in patients with ST Elevation myocardial infarction assessed by 
Optical Coherence Tomography: an OCTIVUS Sub-study. Cardiovasc Revasc 
Med. 2020;21:1417–24. https://doi.org/10.1016/j.carrev.2019.04.021.

29. Mathur P, Ostadal B, Romeo F, et al. Gender-related differences in athero-
sclerosis. Cardiovasc Drugs Ther. 2015;29:319–27. https://doi.org/10.1007/
s10557-015-6596-3.

30. Clarkson TB. Estrogen effects on arteries vary with stage of reproductive 
life and extent of subclinical atherosclerosis progression. Menopause. 
2018;25:1262–74. https://doi.org/10.1097/gme.0000000000001228.

31. El Khoudary SR, Chen X, Wang Z, et al. Low-density lipoprotein subclasses 
over the menopausal transition and risk of coronary calcification and carotid 
atherosclerosis: the SWAN Heart and HDL ancillary studies. Menopause. 
2023;30:1006–13. https://doi.org/10.1097/gme.0000000000002245.

32. Nanao-Hamai M, Son BK, Hashizume T, et al. Protective effects of estrogen 
against vascular calcification via estrogen receptor α-dependent growth 
arrest-specific gene 6 transactivation. Biochem Biophys Res Commun. 
2016;480:429–35. https://doi.org/10.1016/j.bbrc.2016.10.066.

33. Kim JH, Choi YK, Do JY, et al. Estrogen-related receptor γ plays a key role 
in vascular calcification through the upregulation of BMP2 expression. 
Arterioscler Thromb Vasc Biol. 2015;35:2384–90. https://doi.org/10.1161/
atvbaha.115.306102.

34. Osako MK, Nakagami H, Koibuchi N, et al. Estrogen inhibits vascular calcifica-
tion via vascular RANKL system: common mechanism of osteoporosis and 
vascular calcification. Circ Res. 2010;107:466–75. https://doi.org/10.1161/
circresaha.110.216846.

35. Bild DE, Detrano R, Peterson D, et al. Ethnic differences in coronary 
calcification: the multi-ethnic study of atherosclerosis (MESA). Circulation. 
2005;111:1313–20. https://doi.org/10.1161/01.Cir.0000157730.94423.4b.

36. McClelland RL, Chung H, Detrano R, et al. Distribution of coronary artery 
calcium by race, gender, and age: results from the multi-ethnic study of 
atherosclerosis (MESA). Circulation. 2006;113:30–7. https://doi.org/10.1161/
circulationaha.105.580696.

37. Cuevas A, Fernández C, Ferrada L, et al. HMGCR rs17671591 SNP determines 
lower plasma LDL-C after atorvastatin therapy in Chilean individuals. Basic 
Clin Pharmacol Toxicol. 2016;118:292–7. https://doi.org/10.1111/bcpt.12493.

38. Poduri A, Khullar M, Bahl A, et al. Common variants of HMGCR, CETP, 
APOAI, ABCB1, CYP3A4, and CYP7A1 genes as predictors of lipid-lowering 
response to atorvastatin therapy. DNA Cell Biol. 2010;29:629–37. https://doi.
org/10.1089/dna.2009.1008.

39. Rizwan M, Aslam N, Ashfaq UA, et al. SNP of HMGCR and apo E genes and 
their impact in response to statin therapy in hypercholesterolemic and 
hypertriglyceridemic patients in Pakistan. Pak J Pharm Sci. 2021;34:1577–83. 
https://pubmed.ncbi.nlm.nih.gov/34799335/.

40. Kettunen J, Holmes MV, Allara E, et al. Lipoprotein signatures of choles-
teryl ester transfer protein and HMG-CoA reductase inhibition. PLoS Biol. 
2019;17:e3000572. https://doi.org/10.1371/journal.pbio.3000572.

41. Maldonado N, Kelly-Arnold A, Vengrenyuk Y, et al. A mechanistic analy-
sis of the role of microcalcifications in atherosclerotic plaque stability: 
potential implications for plaque rupture. Am J Physiol Heart Circ Physiol. 
2012;303:H619–628. https://doi.org/10.1152/ajpheart.00036.2012.

42. Puri R, Nicholls SJ, Shao M, et al. Impact of statins on serial coronary calci-
fication during atheroma progression and regression. J Am Coll Cardiol. 
2015;65:1273–82. https://doi.org/10.1016/j.jacc.2015.01.036.

43. Lee SE, Chang HJ, Sung JM, et al. Effects of statins on Coronary atherosclerotic 
plaques: the PARADIGM study. JACC Cardiovasc Imaging. 2018;11:1475–84. 
https://doi.org/10.1016/j.jcmg.2018.04.015.

44. Prins BP, Lagou V, Asselbergs FW, et al. Genetics of coronary artery disease: 
genome-wide association studies and beyond. Atherosclerosis. 2012;225:1–
10. https://doi.org/10.1016/j.atherosclerosis.2012.05.015.

45. Van der Laan SW, Harshfield EL, Hemerich D, et al. From lipid locus to drug 
target through human genomics. Cardiovasc Res. 2018;114:1258–70. https://
doi.org/10.1093/cvr/cvy120.

46. Li Y, Li J, Xu J, et al. Association of NPC1L1 gene polymorphisms with coronary 
artery calcium in patients with premature triple-vessel disease. J Am Coll 
Cardiol. 2022;79:1020. https://doi.org/10.1016/S0735-1097(22)02011-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.jacc.2015.02.020
https://doi.org/10.1089/hum.2020.229
https://doi.org/10.1089/hum.2020.229
https://doi.org/10.3389/fcvm.2021.704501
https://doi.org/10.1186/s12872-023-03285-w
https://doi.org/10.1186/s12872-023-03285-w
https://doi.org/10.1093/eurheartj/ehz394
https://doi.org/10.1177/2047487319826398
https://doi.org/10.1038/nature13917
https://doi.org/10.1161/01.cir.91.7.1959
https://doi.org/10.1161/01.cir.91.7.1959
https://doi.org/10.1253/circj.CJ-20-0761
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1016/j.jalz.2012.08.007
https://doi.org/10.1073/pnas.0508483103
https://doi.org/10.1073/pnas.0508483103
https://doi.org/10.1093/eurheartj/ehv108
https://doi.org/10.1093/eurheartj/ehv108
https://doi.org/10.1056/NEJMoa1405386
https://doi.org/10.1194/jlr.P001172
https://doi.org/10.1016/j.atherosclerosis.2015.07.011
https://doi.org/10.1016/j.atherosclerosis.2015.07.011
https://doi.org/10.1161/jaha.114.000949
https://doi.org/10.1016/j.atherosclerosis.2008.05.026
https://doi.org/10.1016/j.atherosclerosis.2008.05.026
https://doi.org/10.1016/j.carrev.2019.04.021
https://doi.org/10.1007/s10557-015-6596-3
https://doi.org/10.1007/s10557-015-6596-3
https://doi.org/10.1097/gme.0000000000001228
https://doi.org/10.1097/gme.0000000000002245
https://doi.org/10.1016/j.bbrc.2016.10.066
https://doi.org/10.1161/atvbaha.115.306102
https://doi.org/10.1161/atvbaha.115.306102
https://doi.org/10.1161/circresaha.110.216846
https://doi.org/10.1161/circresaha.110.216846
https://doi.org/10.1161/01.Cir.0000157730.94423.4b
https://doi.org/10.1161/circulationaha.105.580696
https://doi.org/10.1161/circulationaha.105.580696
https://doi.org/10.1111/bcpt.12493
https://doi.org/10.1089/dna.2009.1008
https://doi.org/10.1089/dna.2009.1008
https://pubmed.ncbi.nlm.nih.gov/34799335/
https://doi.org/10.1371/journal.pbio.3000572
https://doi.org/10.1152/ajpheart.00036.2012
https://doi.org/10.1016/j.jacc.2015.01.036
https://doi.org/10.1016/j.jcmg.2018.04.015
https://doi.org/10.1016/j.atherosclerosis.2012.05.015
https://doi.org/10.1093/cvr/cvy120
https://doi.org/10.1093/cvr/cvy120
https://doi.org/10.1016/S0735-1097(22)02011-3

	Association of NPC1L1 and HMGCR gene polymorphisms with coronary artery calcification in patients with premature triple-vessel coronary disease
	Abstract
	Introduction
	Methods
	Study design and populations
	Definitions and groups
	Blood sampling and DNA extraction
	Laboratory index measurement
	Statistical analysis

	Results
	Baseline characteristics
	The frequency of gene polymorphisms
	Gene polymorphisms and CAC susceptibility
	SNPs of NPC1L1
	SNPs of HMGCR


	Sensitivity analysis
	Discussion
	Limitations

	Conclusions
	References


