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Prospective association of a genetic risk score
with major adverse cardiovascular events
in patients with coronary artery disease
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Abstract
Many susceptibility loci associated with coronary artery disease (CAD) have been identified using genome-wide association studies
(GWAS). This study aimed to examine whether a composite of single nucleotide polymorphisms (SNPs) derived from GWAS could
identify the risk of major adverse cardiovascular events (MACEs) in patients with established CAD. There were 1059 patients with
CAD were included in the analysis. Of the participants, 686 were on statin treatment at the start of follow-up. A weighted genetic risk
score (wGRS) was calculated as the sum of risk alleles multiplied by the hazard ratio for a particular SNP. In single variant analyses,
rs579459, rs4420638, and rs2107595 were associated with an increased risk of MACE. A wGRS was further constructed to
evaluate the cumulative effect of the 3 SNPs on the prognosis of CAD. The risk of MACE among patients with high and intermediate
wGRS was 1.968- and 1.838-fold, respectively, higher than those with low wGRS. This effect was more evident in patients using
lipid-lowering medication and with hypertension. Furthermore, the interaction analysis revealed that lipid-lowering medication and
hypertension interacted with the genetic effect off wGRS on the risk of MACE in patients using lipid-lowering medication or with
hypertension (Pinteraction< .001). We further analyzed the follow-up change in low-density lipoprotein cholesterol (LDL-C) level at 6
months after CAD disclosure and evaluated whether that was due to wGRS or statin use. The lowest reduction in LDL-C was
observed in patients with high GRSwho received statin treatment. Furthermore, LDL-C reduction of patients with intermediate wGRS
was less than those with low wGRS in patients treated with statin. Taken together, a wGRS comprised of SNPs significantly predicts
MACE in CAD patients receiving statin treatment and hypertension.

Abbreviations: ApoA1 = apolipoprotein A1, ApoB = apolipoprotein B, BMI = body mass index, CAD = coronary artery disease,
CI = confidence interval, DBP = diastolic blood pressure, DM = diabetes mellitus, GRS = genetic risk score, GWAS = genome-wide
association study, HDL-C = high density lipoprotein cholesterol, HR = hazard ratio, HT = hypertension, LDLC = low-density
lipoprotein cholesterol, Lp(a)= lipoprotein(a), MACE=major adverse cardiovascular event, MI=myocardial infarction, SBP= systolic
blood pressure, SNP = single nucleotide polymorphism, TC = total cholesterol, TG = triglycerides, wGRS = weighted genetic risk
score.
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1. Introduction

Coronary artery disease (CAD) is one of the leading causes of
death throughout the world.[1] With the social and economic
transformation, improved standard of living, dietary changes,
and population aging, the incidence and mortality of CAD in
China are increasing persistently.[2] CAD in China has become a
major threat to public health. Increasing evidence has demon-
strated that secondary prevention of CAD by comprehensive risk
factor modification reduces mortality and the incidence of
subsequent recurrent events, and improves quality of life. It has
been demonstrated that CAD is caused by genetic and
environmental factors and their interactions with each other
that lead to the progressive development of atherosclerotic
plaques within the walls of the coronary arteries.[3] Using
genome-wide association study (GWAS), more than 57 loci have
been identified that contribute to risk of CAD or its major
complication, myocardial infarction (MI).[4–9] Many of these loci
are associated with known risks factors for CAD, such as low-
density lipoprotein cholesterol (LDL-C) levels and blood
pressure, which are the primary treatment targets for patients
with CAD. However, the associations between these variants and
clinical outcome of CAD were evaluated in comparatively few
studies.
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Table 1

Baseline clinical characteristics of the study patients.

General characteristics All (n=1059)

Age, y 61.5±8.9
Male, n (%) 686 (64.8)
Nonsmokers, n (%) 473 (44.7)
Current smoker, n (%) 435 (41.6)
Former smoker, n (%) 138 (13.2)
DM, n (%) 161 (15.2)
HT, n (%) 645 (60.9)
BMI 24.5±1.3
SBP, mm Hg 133.8±19.5
DBP, mm Hg 79.2±10.7
TC, mmol/L 4.6±1.1
TG, mmol/L 2.0±1.1
HDL-C, mmol/L 1.2±0.4
LDL-C, mmol/L 3.6±0.8
ApoA1, mg/L 1.3±0.2
ApoB, mg/L 0.9±0.2
Lp(a), mg/L 0.3±0.5
Statin treatment, n (%) 686 (64.8)

ApoA1= apolipoprotein A1, ApoB= apolipoprotein B, BMI=body mass index, DBP=diastolic blood
pressure, DM=diabetes mellitus, HDL-C=high density lipoprotein cholesterol, HP=hypertension,
HT=hypertension, L-DLC= low-density lipoprotein cholesterol, Lp(a)= lipoprotein(a), MI=myocardial
infarction, SBP= systolic blood pressure, TC= total cholesterol, TG= triglycerides.
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Genetic testing becomes more widely available due to the
progressively reducing genotyping cost. Therefore, there is
increasing interest in estimating risks of common diseases based
on genetic testing.[10] Many studies have investigated the
association of a genetic risk score (GRS) based on multiple loci
with the risks and outcome of common diseases.[2,11–16] Further-
more, some clinical trials have been carried out to evaluate the
application of genetic risk information in clinical practice,[15–17]

which help refine risk estimates and prevention strategies.
Therefore, the incorporation of a GRS in commonly used clinical
risk scores such as the FraminghamorOmnibus risk estimatorwill
improves the risk prediction. However, it is unknown whether
these genetic variants affecting risk of CAD influences clinical
outcomes. To address this issue, we carried out an association
study to investigate whether CAD risk associated single nucleotide
polymorphisms (SNPs) identified from GWAS lead to major
adverse cardiovascular events (MACEs) in CAD patients.

2. Materials and methods

2.1. Subjects

A total of 1505 CAD patients were recruited from Tongren
Hospital betweenMay2012andDecember 2014.Thediagnosis of
CAD was confirmed by coronary angiography. Patients with at
least one stenosis ≥50% stenosis in any of the major coronary
arteries (left anterior descending, left circumflex, and right
coronary artery) were included in the study. The exclusion criteria
included monogenic diseases, valvular heart disease, cardiomyop-
athy, heart failure, peripheral arterial disease, connective tissue
diseases, severe liver and renal diseases, tumors, other vascular
diseases, and known history of cerebrovascular attack, coronary
angioplasty, andacuteMI. In addition, patientswere also excluded
if they did not perform daily living activities independently. None
of patients received lipid-lowering drugs just before the study. All
cases were unrelated Han Chinese residing in Eastern China. The
primary endpoint was the MACEs, including vascular death, MI,
stroke, hospitalization for unstable angina, and coronary
revascularization. In patients suffering multiple events, only the
time of the first event was used for further analyses. The study
protocol was approved by the Ethics Committee of Tongren
Hospital. Written informed consent was obtained from all
participants in this study before enrollment.

2.2. Genotyping

We selected 10 previously identified SNPs located in 10
chromosome regions (Chr. 6, 7, 9, 10, 11, 15, and 19) to
examine their potential associations with prognosis of
CAD.[5,7,18–22] All these SNP had minor allele frequency
(MAF) ≥0.05 in the Chinese Han population. The list of the
10 susceptibility SNPs and the associated genes was summarized
in Table S1, http://links.lww.com/MD/C44.
Three milliliters of peripheral blood was drawn from a vein

into a sterile tube containing ethylenediamine tetraacetic acid
(EDTA). Genomic DNA was extracted from peripheral blood
leukocytes using the Wizard genomic DNA purification kit
(Promega, Madison, WI) according to the manufacturer’s
protocol. Genotyping was performed by the TaqMan method.
2.3. Statistical analyses

For the construction of GRS, each of the 10 SNPs was initially
examined for independent association with MACEs in a Cox
2

proportional hazardsmodel.We then simply counted the number of
risk-increasing allele for each SNP that the genotypes are coded “0”
for nonrisk allele homozygotes, “1” for heterozygotes, and “2” for
risk-allele homozygotes. A weighted method was used to calculate
GRS for each individual as previously described.[23] The weighted
GRS (wGRS) was calculated by multiplying each subject’s allele
score (0, 1, 2) by the hazard ratio (HR) for a particular SNP.
All studydatawere analyzed using SPSS 20 (SPSS, Inc., Chicago,

IL). All categorical data were expressed as frequency and
percentage and continuous data were presented as mean (±SD).
Linear regression models were used for continuous data. Cox’s
proportional hazard models were used to calculate HRs and 95%
confidence intervals (CIs) of SNPs and wGRS with adjustment of
age, sex, bodymass index (BMI), blood pressure, diabetes mellitus
(DM), smoking status, statin treatment, and baseline levels of total
cholesterol (TC), triglycerides (TG), high density lipoprotein
cholesterol (HDL-C), LDL-C, apolipoprotein A1 (ApoA1),
apolipoprotein B (ApoB), and lipoprotein(a) (Lp(a)), as appropri-
ate. A P-value less than .05 was considered statistically significant.

3. Results

3.1. Characteristics of the study participants

Of 1505 CAD patients, 446 patients were excluded from further
analyses due to incomplete clinical and follow-up data. As a
result, a total of 1059 patients met all inclusion criteria and were
included in the study. The demographic and clinical character-
istics of 1059 patients are summarized in Table 1. Of 1059
patients, 686 cases were on statin treatment at the start of follow-
up. A total of 273 events were occurred during the median
follow-up period of 36 months. A total of 55 events were fatal.

3.2. Association of CAD-related SNPs with MACE

Three SNPs (rs579459, rs4420638, and rs2107595) were
associated with an increased risk of MACE. The differences
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Table 2

Associations between SNPs and risk of events.

Univariate analysis Multivariate analysis
∗

SNP HR (95% CI) P HR (95% CI) P

rs10757274 1.003 (0.848–1.188) .968 0.941 (0.825–1.195) .941
rs964184 1.006 (0.838–1.208) .951 1.039 (0.850–1.271) .707
rs1412444 0.955 (0.795–1.147) .623 0.902 (0.740–1.100) .308
rs1994016 1.169 (0.849–1.609) .339 1.115 (0.789–1.576) .537
rs12190287 0.989 (0.832–1.177) .903 1.024 (0.847–1.238) .804
rs3798220 0.998 (0.746–1.336) .991 1.000 (0.729–1.371) .998
rs579459 1.216 (1.072–1.379) .002 1.301 (1.043–1.622) .02
rs974819 1.070 (0.899–1.273) .446 0.990 (0.817–1.200) .921
rs4420638 1.447 (1.172–1.787) .001 1.511 (1.218–1.874) <.001
rs2107595 1.313 (1.099–1.568) .003 1.224 (1.017–1.472) .032

CI= confidence interval, HR=hazard ratio, SNP= single nucleotide polymorphism.
∗
Adjusted for age, sex, BMI=blood pressure, DM, smoking status, and baseline levels of TC, TG, HDL-C, LDL-C, ApoA1, ApoB, and Lp(a).

Table 3

Association between GRS and risk of MACE.

Univariate analysis Multivariate analysis

GRS Events/n HR (95% CI) P HR (95% CI) P
∗

Low GRS 128/605 1 1
Intermediate GRS 63/209 1.719 (1.270–2.327) <.001 1.817 (1.330–2.484) <.001
High GRS 82/245 1.962 (1.485–2.593) <.001 1.943 (1.459–2.586) <.001

CI= confidence interval, HR=hazard ratio, GRS=genetic risk score.
∗
Adjusted for age, sex, BMI=blood pressure, DM, smoking status, and baseline levels of TC, TG, HDL-C, LDL-C, ApoA1, ApoB, and Lp(a).
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remained significant even after adjusted for age, sex, BMI, blood
pressure, DM, smoking status, and baseline levels of TC, TG,
HDL-C, LDL-C, ApoA, ApoB, and Lp(a) (Table 2). These
indicated that rs579459, rs4420638, and rs2107595 were
independent prognostic factors for CAD.
3.3. Association of wGRS with MACE

There was a positive correlation between wGRS and MACE.
Higher wGRS was associated with a higher risk of MACE even
after adjusted for clinical variables (Table 3). When patients were
divided into low (�1st quintile), intermediate (2nd–4th quintile),
and high (>4th quintile) wGRS groups, a significant gradient of
risk for MACE was observed in the study. The multivariable
adjusted HR (95% CI) for incident MACE for intermediate and
high wGRS were 1.817 (95% CI: 1.330–2.484, P< .001) and
1.943 (95% CI: 1.459–2.586, P< .001), respectively, as
compared with low wGRS.
Since the treatment of dyslipidemia and hypertension can

significantly reduce all-cause mortality or major cardiovascular
events, we further carried out stratification analysis by
Table 4

Associations between GRS and risk of events stratified by lipid-lowe

Patients not using lipid-lowering medication

GRS Events/n HR (95% CI)

Low GRS 36/131 1
Intermediate GRS 27/93 1.201 (0.701–2.056)
High GRS 29/149 0.728 (0.431–1.230)

CI= confidence interval, HR=hazard ratio, GRS=genetic risk score.
∗
Adjusted for age, sex, BMI=blood pressure, DM, smoking status, and baseline levels of TC, TG, HDL

3

lipid-lowering medication. As shown in Table 4, there was a
significant interaction between wGRS and lipid-lowering medi-
cation. Among patients using lipid-lowering medication, we
observed that patients with intermediate and high wGRS had
over 2.138- and 4.048-fold increased risk for developing MACE
(P< .001). However, no significant differences were observed in
patients who did not receive lipid-lowering medication. All
patients with hypertension were treated with conventional
antihypertensives. There was also a significant interaction
between wGRS and hypertension (Table 5). Patients with
hypertension and intermediate or high wGRS had a higher risk
for developing MACE compared with those with low wGRS
(P< .001). No significant differences were observed in patients
with normal blood pressure. Therefore, we further carried out
interaction analysis in patients with hypertension or using lipid-
lowering medication, and statistically significant multiplicative
interactions on MACE were observed between wGRS and
hypertension or lipid-lowering medication (Pinteraction< .001,
Table 6). Patients with high wGRS, with or without hyperten-
sion, or using lipid-lowering medication, had a significantly
elevated risk of MACE (P< .05). For patients with hypertension
ring medication.

Patients using lipid-lowering medication

P
∗

Events/n HR (95% CI) P
∗

92/474 1
.505 36/116 2.138 (1.440–3.175) <.001
.236 53/96 4.048 (2.845–5.759) <.001

-C, LDL-C, ApoA1, ApoB, and Lp(a).
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Table 5

Associations between GRS and risk of events stratified by hypertension.

Patients with normal blood pressure Patients receiving antihypertensive treatment

GRS Events/n HR (95% CI) P
∗

Events/n HR (95% CI) P
∗

Low GRS 60/244 1 68/361 1
Intermediate GRS 24/77 1.334 (0.801–2.224) .268 39/132 2.235 (1.481–3.373) <.001
High GRS 32/93 1.249 (0.763–2.043) .377 50/152 2.567 (1.710–3.854) <.001

CI= confidence interval, HR=hazard ratio, GRS=genetic risk score.
∗
Adjusted for age, sex, BMI, statin treatment, DM, smoking status, and baseline levels of TC, TG, HDL-C, LDL-C, ApoA1, ApoB, and Lp(a).

Table 6

Interaction analysis between wGRS and hypertension or statin treatment.

Patients Variables Events/n HR (95% CI) P
∗

Using lipid-lowering medication Low wGRS and normal blood pressure 42/191 1
Intermediate wGRS and normal blood pressure 12/42 1.681 (0.873–3.238) .120
High wGRS and normal blood pressure 15/30 2.599 (1.417–4.767) .002
Low wGRS and hypertension 50/283 0.807 (0.533–1.221) .311
Intermediate wGRS and hypertension 24/74 2.028 (1.218–3.378) .007
High wGRS and hypertension 38/66 4.172 (2.649–6.572) <.001
P for multiplicative interaction <.001

Hypertension Low wGRS and no statin treatment 18/78 1
Intermediate wGRS and no statin treatment 15/58 1.172 (0.578–2.376) .659
High wGRS and no statin treatment 12/86 0.467 (0.219–0.999) .050
Low wGRS and statin treatment 50/283 0.505 (0.284–0.898) .020
Intermediate wGRS and statin treatment 24/74 1.247 (0.660–2.355) .497
High wGRS and statin treatment 38/66 2.563 (1.407–4.669) .002
P for multiplicative interaction <.001

CI= confidence interval, HR=hazard ratio, wGRS=weighted genetic risk score.
∗
Adjusted for age, sex, BMI=blood pressure, DM, smoking status, statin treatment, and baseline levels of TC, TG, HDL-C, LDL-C, ApoA1, ApoB, and Lp(a), as appropriate.
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and low wGRS, lipid-lowering medication can significantly
reduce the risk of MACE compared with no treatment (HR=
0.505, 95% CI: 0.284–0.898, P= .020). Furthermore, patients
with intermediate wGRS and hypertension had higher risk of
MACE compared with those with low wGRS and normal blood
pressure among those using lipid-lowering medication (HR=
2.028, 95% CI: 1.218–3.378, P= .007) (Table 6).
3.4. Association between wGRS and LDL-C

We further investigated the effect of wGRS on LDL-C reduction
in patients who did or did not receive statin treatment. Patients
receiving statin treatment had higher baseline LDL-C level than
those not using lipid-lowering medication (P< .001). No
difference in baseline LDL-C level was observed between wGRS
groups. After 6 months for lipid-lowering treatment, patients
with low wGRS had a 0.18 and 0.21mmol/L LDL-C level than
Table 7

The effect of GRS on the changes in LDL-C levels after 6 months.

Treatment wGRS Baseline

No lipid-lowering medication Low wGRS 3.36±0.59
Intermediate wGRS 3.47±0.59
High wGRS 3.49±0.55

Lipid-lowering medication Low wGRS 3.89±0.61
Intermediate wGRS 3.99±0.98
High wGRS 4.05±0.78

wGRS=weighted genetic risk score.
∗
Adjusted for age, sex, and BMI.

† Adjusted for age, sex, BMI, and baseline LDC-C level.

4

thosewith intermediate and highGRS, respectively (Table 7). The
overall downward trend in LDL-C in patients with high and
intermediate wGRS was significantly lower than in those with
low wGRS (P< .001). For patients who did not receiving statin
treatment, there was no difference in LDL-C reduction between
wGRS groups (P= .268).
4. Discussion

Large-scale GWASs have identified multiple common variants
that are individually related to the risk of CAD. In the present
study, we found that 3 CAD-risk related SNPs (rs579459,
rs4420638, and rs2107595) were also associated with the risk of
MACE in patients with established CAD. Previous studies have
demonstrated that both rs579459 and rs2107595 are not only
associated with the risk of CAD, but also with the risk of
stroke.[7,24] Furthermore, rs2107595 confers susceptibility to
P
∗

After 6 mo Change, mmol/L P†

2.39±0.33 �0.98±0.72
.139 2.44±0.56 �1.02±0.76 .268

2.63±0.55 �0.86±0.80
2.30±0.42 �1.59±0.58

.083 2.58±0.61 �1.41±0.96 <.001
2.67±0.49 �1.38±0.85
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acute coronary syndrome in the Chinese Han population. These
results indicate that rs579459 and rs2107595 increase long-term
risk of MACE, especially stroke and MI, in CAD patients even
receiving statin treatment. The rs4420638 influences the lipid
levels and is associated with statin therapy response,[25–28] which
may affect the prognosis of CAD patients treated with statin.
When combined into a 3-variant risk score, higher wGRS is
associated with LDL-C level andMACE, and the later only exists
in patients using lipid-lowering medication. The desired LDL-C
target level for patients with higher wGRS is more difficultly
reached compared with those with low wGRS when patients
received statin treatment. These results indicate that CAD
patients with low wGRS will benefit from lipid-lowering
medication, whereas patients with intermediate and high wGRS
may need additional treatment to reduce the risk of MACE.
Many studies have been reported or is currently underway to

develop risk prediction models to improve our ability to
accurately estimate the risk and prognosis of diseases.[11–16,29]

This will help identify high-risk individuals and make precision
medicine for disease care and prevention. Given higher incidence
and mortality of cardiovascular disease, many risk prediction
models about cardiovascular disease have been developed and
most models focus on traditional factors such as clinical,
biochemical, and imaging parameters,[2,11,15] but few models
focused on the clinical outcome of cardiovascular disease. It is
important that these prognostic models were constructed based
on the European population, whereas whether these predictors
can be directly applied in the Chinese population? On the other
hand, wGRS derived from inherited genetic variants reflect
individual’s lifetime risk while traditional factors only reflect risk
at a single time point. Genetic variants in combination with
traditional factors may improve their capacity to predict
individual risk.
Traditional factors for cardiovascular risk stratification have

been potentially used to tailor therapy for the individual. The
findings of the present study suggest that genetic variants may also
play such a role. A meta-analysis has demonstrated that use of
statin in both primary and secondary prevention can remarkably
reduce the relative risk of cardiovascular events.[30] Although some
patients donot currently receive statin therapyaccording to clinical
practice guidelines, they may still be at increased risk of events.
Previous studies have estimated genetics and MACE for patients
with established CAD in the setting of statin therapy.[31–33] In the
present study, we used a multilocus wGRS compromised of CAD-
risk SNPs to evaluate the score for prognostic stratification of
patients with established CAD. The present analysis showed that
for the patients using lipid-lowering medication, cases with low
wGRS benefited from statin therapy, while others were still at high
risk of events. In addition, therewas noassociation betweenwGRS
and MACE in patients not using lipid-lowering medication and
without hypertension. The main reason was that these patients
might have relatively lower risk, but also became more active and
willing to lowering cholesterol by eating habits and exercisemeans.
Similarly, the effect ofwGRS onMACEwas only found in patients
with hypertension, not present in those with normal nor normal
blood pressure. Therefore, lipid-lowering and/or hypertension
treatment is not enough to reduce the risk of MACE for CAD
patients with high risk and wGRS.
There are several limitations to these analyses. First, although

all selected SNPs were identified from GWAS for this study, these
studies that underpin our study were mostly based on Caucasian
populations. It is possible that other genetic variants in these
regions or novel regions may play more important roles in
5

Chinese population. Second, there was lack of the information of
dietary fat intake and physical activity of patients, which deeply
influence the clinical outcomes of CAD patients. Third, the
sample size is relatively small. Fourth, 446 patients were excluded
from the analyses due to incomplete clinical and follow-up data
and therefore selection bias may impact the findings and
conclusions. Further well characterized large-scale studies are
warranted to validate our findings.
5. Conclusions

In conclusion, our findings indicate that a wGRS comprised with
3 SNPs was related to the risk of MACE in CAD patients,
especially those receiving statin treatment. For patients with
higher wGRS who are receiving statin therapy according to
clinical practice guidelines, lipid-lowering medication is not
enough to reduce the risk of MACE.
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