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Background: Coronary artery disease (CAD) ranks the leading cause of death worldwide, 
and inflammation has been implicated in all stages of CAD and is considered to contribute to 
the pathophysiological basis of atherogenesis.
Methods: Here, we implemented a case–control study and a two-sample Mendelian rando-
mization (MR) study to explore the associations between CAD risk and genetic predisposi-
tion to circulating level of monocyte chemoattractant protein-1 (MCP1), the most important 
regulator of monocyte trafficking.
Results: In case–control study, we found circulating level of MCP1 was significantly 
associated with increased risk of CAD (OR for per quartile increment: 1.33, 95% CI: 
1.19–1.49, P<0.001). Further, genetically predicted higher level of MCP1 was significantly 
associated with higher risk of CAD (OR for 1-SD increase: 1.05, 95% CIs: 1.02–1.08, 
P value: 0.002) in MR analysis. Sensitivity analyses were also conducted to validate the 
main findings, and we also did not detect any directional pleiotropy effects using the MR 
Egger intercept test (P=0.831).
Conclusion: To sum up, our study suggested that increased CAD risk was associated with 
a predisposition to higher level of MCP1. Additional insight into the contribution of MCP1 
to the occurrence of CAD is still needed.
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Introduction
Coronary artery disease (CAD), which causes about one-third of all deaths in 
people older than 35 years, ranks the leading cause of death worldwide.1,2 

According to report of Global Burden of Diseases (GBD) 2017, 8930.4 (8790.7 
to 9138.7) thousands all-age deaths occurred annually, and estimated years of life 
lost (YLLs) from CAD ranked first, increased by 17.3% (15.4–19.0) from 2007 to 
2017.3 Apart from conventional risk factors, like smoking, diabetes, serum total 
cholesterol, and systolic blood pressure, inflammation has been implicated in all 
stages of CAD and is considered to contribute to the pathophysiological basis of 
atherogenesis.4,5 Consequently, controlling the inflammatory response of inflamma-
tory cytokines would be of interest as targets for primary CAD prevention.6

Previously, monocyte chemoattractant protein-1 (MCP1/CCL2) was revealed to 
be associated with higher risk of stroke, which indicated the possibility of targeting 
MCP1 or its receptors to lower the stroke incidence, using a large two-sample 
Mendelian randomization (MR) study.7 MCP1, which is the most important 
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regulator of monocyte trafficking and functions as a potent 
activator of mononuclear phagocytes, has been shown to 
be associated with peripheral arterial disease, ischemic 
stroke, lupus nephritis, body weight, and breast 
cancer.6,8–12 A recent meta-analysis revealed that higher 
circulating MCP1 levels were associated with higher long- 
term cardiovascular mortality.13 Several studies also 
reported the association between MCP1 and CAD risk; 
however, few were conducted in Chinese and the results 
were inconsistent.14–18 Given this background, the causal-
ity between circulating level of MCP1 and CAD risk is 
still unclear and to be addressed.

Here, we first conducted a case–control study in Chinese 
population to explore the association of circulating level of 
MCP1 with CAD risk. Then, by leveraging data from the 
largest genome-wide association study (GWAS) of circulat-
ing level of MCP1 in in 8,293 healthy subjects of Finnish 
ancestry,19 and the CARDIoGRAMplusC4D consortium of 
CAD,20 we conducted a two-sample MR analysis, which 
aims to overcome the limitations of conventional studies 
(confounding bias and reverse causation), to validate the 
associations between circulating level of MCP1 and CAD 
risk.

Patients and Methods
Case–Control Study
Totally 498 CAD patients and 499 healthy 
controls (frequency-matched by age, gender, and living 
areas) were included in this case–control study. Coronary 
angiography was performed and assessed by at least two 
cardiologists for CAD diagnosis with a diameter stenosis 
of more than 50% in any of the main coronary arteries, or 
a history of prior angioplasty, coronary artery bypass sur-
gery or an MI history validated by electrocardiographic 
changes. Fasting venous blood is collected into a serum 
tube with 0.1% EDTA and stored at minus 80° Celsius 
before analysis. Serum MCP-1 levels were determined by 
a multiplex assay using the Bioplex Suspension Array 
(Bio-Rad, Veenendaal, The Netherlands) according to the 
manufacturer’s specifications. All samples are thawed only 
once and measured in triple. The study has been approved 
by the institutional review board of Jinan People’s 
Hospital Affiliated to Shandong First Medical University. 
Informed consent was received from all the study partici-
pants, and the guidelines outlined in the Declaration of 
Helsinki were followed.

Statistical analyses were carried out using IBM SPSS 
Statistics version 22.0, while two-tailed P-values <0.05 
were considered significant. Data are presented as mean 
± SD for continuous variables and as proportions for 
categorical variables. Quartiles of MCP-1 distribution 
among controls were used to convert it to a categorical 
variable, and the associations between MCP-1 quartiles 
and CAD risk were assessed using logistic regression 
analyses.

MR Analyses
The genetic instruments for circulating level of MCP1 was 
selected using the following criteria: 1) a genome-wide 
threshold of significance of p <5 × 10−8, 2) for all SNPs in 
linkage disequilibrium (LD; r2<0.6 in the European 1000G 
reference panel), we also retain tagSNPs as independents 
instrument. Finally, 36 SNPs were adopted as final instru-
ments (Supplementary Table 1). Summary statistics for the 
associations of the identified instruments with CAD risk 
were extracted from the CARDIoGRAMplusC4D, which 
assembled 60,801 cases and 123,504 control subjects for 
48 studies.20 MR was performed using R version 4.0 
statistical software, package “TwoSampleMR”, (The 
R Foundation for Statistical Computing, Vienna, 
Austria). The primary MR analysis was conducted by 
using inverse-variance weighted (IVW) regression analy-
sis. We used the intercept obtained from the MR-Egger 
regression as a measure of directional pleiotropy.

Results
Case–Control Study
Table 1 presents the clinical characteristics of CAD cases 
and controls. The results showed that there is no signifi-
cant difference for the distribution of age, gender, drinking 
status, diabetes, and hypertension (P>0.05). However, the 
cases are more likely to be smokers, compared with the 
controls (P<0.001). The cases had significantly higher 
circulating level of MCP1 (Mean ± SD: 69.7 ± 21.2 vs 
61.2 ± 18.7; P<0.001). When analyzed as a continuous 
variable, circulating level of MCP1 was significantly asso-
ciated with increased risk of CAD (OR for per unit: 1.02, 
95% CI: 1.01–1.03, P<0.001, Table 2). When analyzed as 
a categorical variable, circulating level of MCP1 was sig-
nificantly associated with increased risk of CAD (OR for 
per quartile increment: 1.33, 95% CI: 1.19–1.49, P<0.001, 
Table 2). Compared with the first quartile, all of the second 
(OR: 1.47; 95% CIs: 1.01–2.16), the third (OR: 1.79; 95% 
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CIs: 0.94–2.01), and the fourth (OR: 3.98; 95% CIs: 1.-
78–3.67) quartiles were associated with increased risk 
of CAD.

MR Analyses
In the MR analysis, 36 SNPs were adopted as final instru-
ments (Supplementary Table 1 shows the associations 
between each SNP and MCP-1, as well as risk of CAD), 
and the F-statistics ranged from 30.3 to 157.5, suggesting 

the non-existence of weak instruments bias. Totally, these 
individual SNPs could explain 21.6% of the variance of 
MCP-1 levels. As shown in Figure 1, genetically predicted 
higher level of MCP1 was significantly associated with 
higher risk of CAD (OR for 1-SD increase: 1.05, 95% CIs: 
1.02–1.08, P value: 0.002), when analyzed using the IVW 
model. Sensitivity analyses were also conducted using the 
weighted median, maximum likelihood, penalized 
weighted median, IVW radial, and the sign concordance 
test; the results were not materially changed (data not 
shown). There was no evidence for heterogeneity by 
Cochran Q test (P=0.234) and no outlier SNPs were 
detected with the MR-PRESSO test. Further, we also did 
not detect any directional pleiotropy effects using the MR 
Egger intercept test (P=0.831). The leave-one-out plot 
provided additional support that no single SNP drove the 
overall association with CAD risk (Figure 2).

Discussion
In the current study, a case–control study and a two- 
sample MR approach were conducted to comprehensively 
evaluate the causal relationships between genetic predis-
position to circulating level of MCP1 and CAD risk. Using 
case–control design, we consistently found circulating 
level of MCP1 was significantly associated with increased 
risk of CAD. Further, genetically predicted higher level of 
MCP1 (1-SD increase) was significantly associated with 
increased risk of CAD using two-sample MR approach. To 
sum up, our results highlighted that circulating level of 
MCP1 contributed to the risk of CAD.

Due to inflammation was the underlying pathophysio-
logical causal of atherosclerosis, chemokines, produced in 
the atherosclerotic vessel, has been explored as prime 
biomarkers of CAD for a long period.21 MCP1, involved 
in the formation, progression, destabilization of atheroma-
tous plaques and postinfarction remodeling, was first 
reported by Yoshimura et al in 1989,22 and identified to 
mediate monocytic infiltration of the artery wall.23 Except 
for stroke and CAD, it has been also linked to idiopathic 
pulmonary fibrosis, rheumatoid arthritis, pulmonary gran-
ulomatosis, lupus nephritis, diabetes, cancers, atrial fibril-
lation, neointimal hyperplasia, etc.24–30 The −2518A/G 
polymorphism in MCP-1 gene was also associated with 
diabetes risk.31 MCP1 is involved in the genesis, progres-
sion, inflammatory response and immune process of CAD, 
which suggests the potential as a liquid biomarker of 
CAD.32 Although meta-analysis revealed that higher cir-
culating MCP-1 levels were associated with higher long- 

Table 1 Clinical Demographic Characteristics of CAD Cases 
and Controls

Variables Cases 
(n=498)

Controls 
(n=499)

P value

Age (years)

≥60 231 (46.4%) 242 (48.5%) 0.692
<60 258 (53.6%) 257 (51.5%)

Gender
Male 347 (69.7%) 345 (69.1%) 0.853

Female 151 (30.3%) 154 (30.9%)

Smoking status

Smokers 211 (42.4%) 133 (26.7%) <0.001
Non-smokers 287 (57.6%) 366 (73.3%)

Drinking status
Drinkers 123 (24.7%) 101 (20.2%) 0.092

Non-drinkers 375 (75.3%) 398 (79.8%)

Diabetes

Yes 100 (20.0%) 79 (15.8%) 0.081

No 398 (80.0%) 420 (84.2%)

Hypertension

Yes 276 (55.4%) 251 (50.3%) 0.105
No 222 (44.6%) 248 (49.7%)

MCP1 (pg/mL) 69.7±21.2 61.2±18.7 <0.001

Table 2 Distribution of Quartiles of MCP1 in CAD Cases and 
Controls

IFN-γ (pg/mL) Cases Controls OR (95% CIs)* P value

Quartile 1 (≤45.1) 78 125 Reference

Quartile 2 

(45.1–61.6)

115 125 1.47 (1.01–2.16) 0.045

Quartile 3 

(61.6–76.5)

107 125 1.79 (0.94–2.01) 0.106

Quartile 4 (>76.5) 198 124 3.98 (1.78–3.67) < 0.001

Per unit (continuous 

variable)

1.02 (1.01–1.03) < 0.001

Per quartile 1.33 (1.19–1.49) < 0.001

Note: *Adjusted for age, gender, and smoking status.
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term cardiovascular mortality and increased long-term risk 
of stroke, its association with CAD risk was still incon-
sistent and few were conducted in Chinese.11,13

The use of MR, which is less affected by issues of 
confounding, reverse causation and measurement error 
bias, is particularly useful in this context, as genetic varia-
tions closely related to the circulating level of MCP1 can 
be used as instrumental variables to assess their causal role 
in the development of CAD.10 Previously, Georgakis et al7 

found circulating levels of MCP-1 were associated with 
higher risk of stroke, in particular with large-artery stroke 
and cardioembolic stroke. Li et al10 reported that geneti-
cally predicted circulating levels (1-SD increase) of MCP1 
were significantly associated with increased risk of overall 
breast cancer, as well as ER-positive breast cancer. In our 
study, we found genetically predicted higher level of 
MCP1 was significantly associated with higher risk of 
CAD (OR for 1-SD increase: 1.05, 95% CIs: 1.02–1.08, 
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Figure 1 Scatter plot of SNP potential effects of genetic predisposition to circulating level of MCP1 on CAD risk, with the slope of each line corresponding to estimated MR 
effect per method.
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P value: 0.002), using the IVW model and other sensitivity 
analysis models. These findings enhanced the strength of 
argument for observational studies.

The strength of the current study includes the cross 
validation of the case–control study and MR analysis, and 
the enough statistical power (for case–control study: 
100%; for MR analysis: 99.6%). However, one limitation 
should be also considered when interpreting these results. 
The case–control study and MR analysis were conducted 

in different populations, though the association of circulat-
ing level of MCP1 with CAD risk should not be changed 
by ethnicity issue, just like other serum biomarkers (CPR, 
lipids, etc). This is because our sample size was not 
statistically efficient enough to conduct an MR analysis.

Conclusively, our study provided strong evidence for 
MCP1 as a causal risk factor for CAD. Both case–control 
study and MR analysis suggested that increased CAD risk 
was associated with a pre-disposition to higher level of 
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Figure 2 The leave-one-out plot for association between genetic predisposition to circulating level of MCP1 and CAD risk.
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MCP1. To the best of our knowledge, this should be the 
first study to examine the causal effect of MCP1 on risk of 
CAD, using MR. Additional insight into the contribution 
of MCP1 to the occurrence of CAD is still needed.
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