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1. Introduction

It is generally believed that arterial and venous 
thrombotic disorders are separate entities, because of 
the noticeable anatomical differences, distinct 
pathophysiology (vascular wall lesions and high-shear 
stress versus stasis and hypercoagulability), and 
different treatment modalities (antiplatelet drugs 
versus anticoagulants). However, the concept has been 
challenged in recent studies1), as patients with venous 
thromboembolism (VTE) were found to have a higher 

prevalence of atherosclerosis 2). In addition, 
atherosclerosis and VTE may share common risk 
factors3), which strengthen the connection between 
atherosclerosis and VTE. From a laboratory 
perspective, an association between atherosclerosis and 
VTE events is plausible as they share common 
features, such as platelet activation and coagulation4). 
Therefore, it is suggested that atherosclerosis and VTE 
are actually different presentations of the same disease. 
In some patients at high risk of atherosclerosis, VTE 
may occur as the first symptomatic cardiovascular 
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2. Materials and Methods

2.1 Study Design
The single-nucleotide polymorphisms (SNPs) 

identified as genetic variants had to meet the following 
three assumptions: (1) SNPs were strongly associated 
with exposures; (2) SNPs were not related to any 
confounders of the exposure–outcome associations; 
and (3) SNPs only affected outcomes via exposures 
(Fig. 1)10). Ethics approval was not applicable to these 
analyses because all included genome-wide association 
studies (GWAS) data were publicly available and had 
been approved by the corresponding ethical review 
board.

2.2 Data Sources
These MR analyses used summary-level data 

from public GWAS on predominantly European 
individuals. GWAS summary statistics for CHD were 
obtained from the CARDIoGRAMplusC4D 
Consortium, which included 60,801 cases and 
123,504 controls11). GWAS summary statistics for 
VTE (9176 cases and 209,616 controls), deep venous 
thrombosis (DVT; 4576 cases and 190,028 controls), 
and pulmonary embolism (PE; 4185 cases and 
214,607 controls) were obtained from the FinnGen 
biobank.

2.3 Selection and Validation of SNPs
First, we selected SNPs associated with a genome-

wide significance threshold exposure (P＜5×10−8). 
Second, the independence of the selected SNPs was 
evaluated using the pairwise-linkage disequilibrium12), 

event5). Likewise, atherosclerosis not only induces 
platelet activation and blood coagulation but also 
increases fibrin turnover, which may result in 
thrombotic complications. Activated platelets and 
coagulation factors have been found in the slow-
flowing venous system4). Several studies have shown 
that fibrinogen, von Willebrand factor antigen, tissue 
plasminogen activator antigen, and D-dimer were all 
elevated in individuals with a history of ischemic 
coronary artery disease, creating a prothrombotic state 
in favor of VTE4, 6, 7). Hence, the link between VTE 
and atherosclerosis appeared to be reciprocal. 
However, other large-scale cohort studies revealed 
conflicting results that atherosclerosis did not increase 
the risk of VTE8, 9).

It is noteworthy that these observational studies 
were limited in making causal inferences because of 
potential biases introduced by confounders and reverse 
causality. Currently, Mendelian randomization (MR) 
analysis is increasingly used to estimate causal 
inferences between exposures and outcomes. MR 
analysis resembles the random assignment of 
participants to treatment and control groups in a 
randomized controlled trial because the genetic 
variants are randomly assorted during gamete 
formation, which can minimize the effect of 
confounders and reverse causality. In this study, we 
performed bidirectional MR analyses to infer a causal 
association between coronary heart disease (CHD) 
and VTE. The evidence would provide crucial 
information on the causal relationship between CHD 
and VET, and whether one modification may lead to 
a decreased risk of the other.

Fig. 1. Mendelian randomization model
SNP: single-nucleotide polymorphism
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3. Results

3.1 Effect of VTE on CHD
A total of 12 SNPs were included as genetic 

variants for VTE. According to the IVW method, the 
genetically instrumented VTE (odds ratio [OR]: 1.05; 
95% confidence interval [CI]: 1.00–1.11; P=0.06), 
DVT (OR: 1.03; 95% CI: 0.99–1.08; P=0.19), or PE 
(OR: 1.07; 95% CI: 0.98–1.16; P=0.11) showed no 
relationships with CHD (Fig. 2). Sensitivity analyses 
using weighted median and MR-Egger methods also 
revealed no significant associations between VTE or 
its subtypes with CHD, except for VTE in the 
multivariable MR method, where VTE increased the 
risk of CHD (OR: 1.05; 95% CI: 1.00–1.10; 
P=0.03) (Table 1). Sensitivity analyses using simple 
mode and weighted mode methods also yielded no 
significant associations (Supplementary Table 1). The 
MR-Egger method revealed no evidence of horizontal 
pleiotropy. However, the heterogeneity was significant 
in all analyses (Table 2). Therefore, IVW under a 
random model was applied to minimize the effect of 
heterogeneity. The scatter plot and forest plot based 
on all SNPs are shown in Supplementary Fig. 1 and 
Supplementary Fig. 2, respectively. The leave-one-out 
sensitivity analysis in Supplementary Fig. 3 indicates 
that the overall estimate was not influenced by an 
individual SNP. The funnel plots were symmetric in 
the IVW method, indicating no horizontal pleiotropy 
and confirming the results from the MR-Egger 
method (Supplementary Fig. 4).

excluding the SNPs in linkage disequilibrium (r 2＞
0.001 and clumping window ＜10,000 kb). Third, 
the F statistic was calculated to verify the strength of 
the SNP, deleting SNPs with an F statistic less than 
10. The data were harmonized to ensure that SNP 
effects on exposure and outcome corresponded to the 
same allele.

2.4 MR Analyses
The inverse-variance weighted (IVW) meta-

analysis under a random-effect model was utilized as 
the principal analysis. The following five methods, 
including weighted median, MR-Egger, multivariable 
MR, simple mode, and weighted mode, were also 
performed to ensure the robustness of the analyses. 
The weighted median method can provide valid 
estimates even if up to 50% of information comes 
from invalid genetic variants13). The MR-Egger 
method can assess and adjust the effect of horizontal 
pleiotropy of selected genetic variants14). Funnel plots 
can also detect horizontal pleiotropy if asymmetry 
exists. Multivariable MR analyses were performed by 
considering the body mass index (BMI) as a potential 
confounder or intermediator. Furthermore, a leave-
one-out sensitivity analysis can analyze the influence 
of an individual SNP on the overall estimates. 
Cochrane’s Q value can assess heterogeneity among 
selected genetic variants. All statistical analyses were 
performed by utilizing the “TwoSampleMR” package 
in R software (version 4.0.3, R Foundation for 
Statistical Computing, Vienna, Austria).

Fig. 2. Mendelian randomization association of CHD with VTE
CHD: coronary heart disease; CI: confidence interval; DVT: deep venous thrombosis; OR: odd ratio; PE: pulmonary embolism; VTE: 
venous thromboembolism
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VTE/DVT/PE, our bidirectional MR analyses showed 
that CHD had no causal relationships with VTE/
DVT/PE. Vice versa, VTE/DVT/PE had no causal 
relationships with CHD.

Although it is generally believed that arterial and 
venous thrombotic disorders are separate entities, 
several studies have suggested an association between 
arterial and venous thromboses 3, 15, 16). If the 
relationship is confirmed, then the currently used 
agents for the prevention and treatment of arterial 
diseases, such as antiplatelet therapy and statins, could 
be considered for managing VTE. Vice versa, the 
agents for the prevention and treatment of VTE could 
be considered for the management of arterial events. 
Concordant with this assumption, a collaborative 
overview of 53 randomized trials (8400 patients) of 
antiplatelet therapy suggested that a few weeks of 
antiplatelet therapy produced a highly significant 
reduction in DVT17). Aspirin is effective not only in 
preventing arterial events but also in treating VTE18). 
Likewise, low-molecular-weight heparin, a pivotal 
drug for treating VTE, was found to be helpful in 
treating arterial events19). A reduced incidence of VTE 
was also found in patients treated with statins in a 
retrospective cohort study20). However, the Prospective 
Study of Pravastatin in the Elderly at Risk 
(PROSPER) trial did not find that 40 mg/d of 

3.2 Effect of CHD on VTE
A total of 37 SNPs were included as genetic 

variants for CHD. There was also no clear evidence 
showing the causal effects of CHD on VTE (OR: 
1.00; 95% CI: 0.82–1.22; P=0.98), DVT (OR: 1.00; 
95% CI: 0.79–1.27; P=0.97), or PE (OR: 0.98; 95% 
CI: 0.82–1.18; P=0.87) (Fig. 2). Sensitivity analyses 
using the weighted median, MR-Egger, and 
multivariable MR methods also revealed no significant 
associations between CHD with VTE or its subtypes. 
Sensitivity analyses using simple mode and weighted 
mode methods also yielded no significant associations 
between CHD and VTE (Supplementary Table 1). 
The MR-Egger method revealed no evidence of 
horizontal pleiotropy. However, the heterogeneity was 
significant in all analyses (Table 2). The scatter plot 
and forest plot based on all SNPs are shown in 
Supplementary Fig. 1 and Supplementary Fig. 2, 
respectively. The leave-one-out sensitivity analysis 
indicated that the overall estimate was not influenced 
by an individual SNP (Supplementary Fig. 3). The 
funnel plots also revealed no horizontal pleiotropy 
(Supplementary Fig. 4).

4. Discussion

Using genetic variants associated with CHD and 

Table 1. Sensitivity analyses using weighted median, MR-Egger, and MVMR methods

Outcomes Weighted median MR-Egger MVMR

OR (95% CI) P OR (95% CI) P OR (95% CI) P

VTE→CHD 1.03 (0.98-1.08) 0.21 1.01 (0.92-1.11) 0.83 1.05 (1.00-1.10) 0.03
DVT→CHD 1.02 (0.98-1.05) 0.36 1.02 (0.94-1.09) 0.69 1.03 (1.00-1.07) 0.07
PE→CHD 1.03 (0.98-1.08) 0.23 0.89 (0.75-1.06) 0.27 1.02 (0.98-1.05) 0.38
CHD→VTE 0.97 (0.86-1.08) 0.57 0.89 (0.54-1.45) 0.63 0.98 (0.91-1.06) 0.64
CHD→DVT 1.02 (0.88-1.18) 0.81 0.78 (0.44-1.40) 0.41 0.94 (0.85-1.06) 0.32
CHD→PE 1.02 (0.88-1.17) 0.83 0.92 (0.59-1.43) 0.72 1.00 (0.89-1.11) 0.93

CHD: coronary heart disease; CI: confidence interval; DVT: deep venous thrombosis; MR: Mendelian randomization; MVMR: multivariable 
Mendelian randomization; OR: odd ratio; PE: pulmonary embolism; VTE: venous thromboembolism

Table 2. Assessment of pleiotropy and heterogeneity

Outcomes Pleiotropy Heterogeneity

Intercept P Q P

VTE→CHD 0.0123 0.29 34 ＜0.01
DVT→CHD 0.0068 0.60 26 ＜0.01
PE→CHD 0.0520 0.10 25 ＜0.01
CHD→VTE 0.0124 0.61 305 ＜0.01
CHD→DVT 0.0262 0.36 226 ＜0.01
CHD→PE 0.0069 0.75 119 ＜0.01

CHD: coronary heart disease; DVT: deep venous thrombosis; PE: pulmonary embolism; VTE: venous thromboembolism
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may change over time. It is argued that long-term 
follow-up between the baseline measurement and 
event may introduce regression dilution bias, resulting 
in underestimation of the true relationship22). To 
overcome this issue, the atherosclerosis status was 
repeatedly measured within the same individual 
during follow-up in the Tromsø Study. Plaque 
formation (HR: 1.00; 95% CI: 0.98–1.02) or 
progression of carotid plaque size (HR: 0.96; 95% CI: 
0.84–1.11) had no effects on VTE risk. After 
multivariable adjustment, the results remained 
unchanged23). These results corroborated our finding 
that CHD had no causal effect on VTE/DVT/PE.

The effect of VTE on atherosclerosis was 
investigated for the first time in a prospective study 
that included 360 patients with the first episode of 
PE. Compared with patients with PE associated with 
transient risk factors, patients with idiopathic PE had 
a higher incidence of arterial cardiovascular events 
(3.2% vs. 0.4%; RR: 7.2; 95% CI: 1.71–30.45). After 
adjusting for age, the difference remained 
unchanged24). However, as individuals free from VTE 
were not included, the risk in the general VTE 
population was not validated. Later, Schulman et al. 
found higher mortality rates from acute myocardial 
infarction and stroke in patients with previous VTE25). 
Bova et al. also found that the rate of acute myocardial 
infarction, ischemic stroke, or peripheral arterial 
disease was more common in patients with 
unprovoked VTE than in control subjects. After 
adjusting for cardiovascular risk factors, the difference 
remained unchanged2). In a cohort study based on 
nationwide Danish medical databases, 25,199 patients 
with DVT events, 16,925 patients with PE events, 
and 163,566 population controls were analyzed. 
Patients with DVT had higher risks of myocardial 
infarction (RR: 1.60; 95% CI: 1.35–1.91) and stroke 
(RR: 2.19; 95% CI: 1.85–2.60) in the first-year 
follow-up. Patients with PE also had higher risks of 
myocardial infarction (RR: 2.60; 95% CI: 2.14–3.14) 
and stroke (RR: 2.93; 95% CI: 2.34–3.66) in that 
year. During the subsequent 20-year follow-up, the 
incidences of arterial events remained higher in 
patients with VTE than in matched controls26). 
Therefore, it seems that VTE may increase the risk of 
CHD. However, as in any observational study, 
unrecognized confounders may be present despite the 
extensive evaluation of patient characteristics.

As genetic variants are randomly allocated before 
birth, we can minimize the effect of confounders and 
reverse causation on outcomes by using genetic 
variants strongly associated with exposure as instrumental 
variables. We found no causal associations between 
CHD and VTE/DVT/PE, and vice versa. Concordant 

pravastatin decreased the risk of VTE compared with 
placebo in individuals aged between 70 and 82 years 
(hazard ratio [HR]: 1.42; 95% CI: 0.80–2.52; 
P=0.23)21). 

The potential association between VTE and 
atherosclerosis was assessed for the first time in 2003. 
Prandoni et al. found that the prevalence of carotid 
plaques was more common in patients with 
spontaneous thrombosis (47.1%) than in patients 
with secondary thrombosis (27.4%) or in controls 
without thrombosis (32.0%). Their results remained 
unchanged after adjustment for risk factors for 
atherosclerosis and became even more evident in 
elderly patients3). After that, numerous relevant 
studies have been published, providing conflicting 
results. In the prospective Atherosclerosis Risk in 
Communities study, 13,081 individuals were followed 
for a mean of 12.5 years to assess the association 
between subclinical atherosclerosis (carotid intima-
media thickness or carotid plaque) and VTE, during 
which 225 first VTE events were identified. Although 
a higher risk of VTE was observed across quartiles of 
baseline carotid intima-media thickness, this 
association was nonsignificant after adjustments for 
age, sex, and ethnicity. Adjustments for BMI and 
diabetes further weakened the association. The 
presence of carotid plaques at baseline also had no 
associat ion with VTE 8).  Similar ly,  in the 
Cardiovascular Health Study, 4108 individuals 
without baseline clinical cardiovascular diseases were 
included and followed for a median of 11.7 years. 
Subclinical atherosclerosis did not affect overall or 
idiopathic VTE, yet overall (relative risk [RR]: 0.60; 
95% CI: 0.39–0.91) and idiopathic VTE (RR: 0.32; 
95% CI: 0.18–0.59) decreased the risk of subclinical 
atherosclerosis9). Unlike the above null effects of 
atherosclerosis on VTE, the population-based, case–
cohort Norwegian study found that subjects with a 
family history of CHD had a higher incidence of 
VTE15). Another retrospective case–control study also 
found that coronary artery calcium increased the risk 
of VTE (OR: 4.3; 95% CI: 1.9–10.1)16).

Therefore, it seems that positive associations 
between markers of subclinical atherosclerotic CHD 
and risk of VTE were mainly found in case–control 
studies3, 15, 16), whereas that was not the case in 
prospective cohort studies8, 9). Although previous case–
control studies found a link between carotid plaques 
and a higher VTE risk3), the recruited control group 
was not fully representative of the case-derived 
population and may lead to an overestimation of the 
true effect. This issue is more obvious when the 
sample size of the control group is small. In 
prospective cohort studies, however, atherosclerosis 
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with our results, it is commonly believed that if an 
association between CHD and VTE exists, the 
mechanism is probably due to the shared common 
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individual participant data meta-analysis of nine 
prospective studies revealed that in the unadjusted 
models, nearly all cardiovascular risk factors 
(hypertension, hyperlipidemia, diabetes, and smoking) 
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Limitations

Our study is the first to use the MR approach to 
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confirmed the robustness of our results. Nonetheless, 
several limitations deserve our attention. First, the 
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make specific statements about the relative risk 
according to subgroups, such as males versus females.

5. Conclusions
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suggested no causal associations between CHD and 
VTE/DVT/PE. This finding confirms that VTE and 
atherosclerosis represent separate entities. The 
previously reported significant associations may be 
explained by not fully accounting for confounders.
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Supplementary Fig. 1. Scatter plot of the association of CHD with VTE 
A: CHD→VTE; B: CHD→DVT; C: CHD→PE; D: VTE→CHD; E: DVT→CHD; F: PE→CHD
CHD: coronary heart disease; DVT: deep venous thrombosis; PE: pulmonary embolism; SNP: single-nucleotide polymorphism; VTE: venous 
thromboembolism

Supplementary Table 1. Sensitivity analyses using simple mode and weighted mode methods

Outcomes Simple mode Weighted mode

OR (95% CI) P OR  (95% CI) P

VTE→CHD 1.06 (0.96-1.17) 0.28 1.02 (0.97-1.08) 0.46
DVT→CHD 1.02 (0.95-1.10) 0.57 1.01 (0.97-1.05) 0.61
PE→CHD 1.01 (0.95-1.08) 0.71 1.02 (0.97-1.08) 0.47
CHD→VTE 1.01 (0.80-1.27) 0.94 1.00 (0.85-1.17) 0.99
CHD→DVT 1.02 (0.76-1.35) 0.91 1.00 (0.84-1.20) 0.97
CHD→PE 0.99 (0.80-1.24) 0.94 1.01 (0.86-1.19) 0.87

CHD: coronary heart disease; CI: confidence interval; DVT: deep venous thrombosis; OR: odd ratio; PE: pulmonary 
embolism; VTE: venous thromboembolism
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Supplementary Fig. 2. Forest plot of the association of CHD with VTE
A: CHD→VTE; B: CHD→DVT; C: CHD→PE; D: VTE→CHD; E: DVT→CHD; F: PE→CHD
CHD: coronary heart disease; DVT: deep venous thrombosis; PE: pulmonary embolism; VTE: venous thromboembolism
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Supplementary Fig. 3. Leave-one-out sensitivity analysis of the association of CHD with VTE
A: CHD→VTE; B: CHD→DVT; C: CHD→PE; D: VTE→CHD; E: DVT→CHD; F: PE→CHD
CHD: coronary heart disease; DVT: deep venous thrombosis; PE: pulmonary embolism; VTE: venous thromboembolism



1275

Atherosclerosis and VTE

Supplementary Fig. 4. Funnel plot of the association of CHD with VTE
A: CHD→VTE; B: CHD→DVT; C: CHD→PE; D: VTE→CHD; E: DVT→CHD; F: PE→CHD
CHD: coronary heart disease; DVT: deep venous thrombosis; PE: pulmonary embolism; VTE: venous thromboembolism
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