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Genetic Liability to Depression and Risk
of Coronary Artery Disease, Myocardial
Infarction, and Other Cardiovascular
Outcomes

Yunlong Lu “&", MDT; Zhen Wang, MDT; Marios K. Georgakis '/, MD; Hefeng Lin, MS; Liangrong Zheng “=’, MD

BACKGROUND: Observational studies have indicated that depression is associated with coronary artery disease (CAD) and my-
ocardial infarction. Nevertheless, causal associations between depression and cardiovascular diseases remain controversial.
Hence, we conducted a Mendelian randomization and mediation analysis to evaluate the associations of depression-related
genetic variants with CAD and myocardial infarction.

METHODS AND RESULTS: Summary statistics from genome-wide association studies of depression (807 553 individuals), and
CAD (60 801 cases, including 43 676 with myocardial infarction, and 123 504 controls) were used. We pooled Mendelian
randomization estimates using a fixed-effects inverse-variance weighted meta-analysis and multivariable Mendelian rand-
omization. The mediation effects of potential cardiovascular risk factors on depression-CAD and myocardial infarction risk
were investigated by using mediation analysis. We also explored the relationship of genetic liability to depression with heart
failure, atrial fibrillation, and ischemic stroke. Genetic liability to depression was associated with higher CAD (odds ratio
[OR], 1.14; 95% Cl, 1.06-1.24; P=1.0x10-%) and myocardial infarction (OR, 1.21; 95% CI, 1.11-1.33; P=4.8x1079) risks. Results
were consistent in all sensitivity analyses. Type 2 diabetes mellitus and smoking demonstrated significant mediation effects.
Furthermore, our Mendelian randomization analyses revealed that the genetic liability to depression was associated with
higher risks of heart failure and small vessel stroke.

CONCLUSIONS: Genetic liability to depression is associated with higher CAD and myocardial infarction risks, partly mediated
by type 2 diabetes mellitus and smoking. The potential preventive value of depression treatment on cardiovascular diseases
should be investigated in the future.
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epression is a common mental illness world- is associated with cardiovascular disease risk, includ-
wide, affecting >264 million people in 2017." As  ing myocardial infarction.®#
the leading cause of disability, it places an im- However, observational studies are not appro-

mense burden on public health systems worldwide.? priate for causal inferences, because they are sus-
Observational studies have suggested that depression ceptible to confounding and reverse causality bias.
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CLINICAL PERSPECTIVE

What Is New?

e Genetically instrumented depression was asso-
ciated with higher risk of coronary artery dis-
ease, myocardial infarction, heart failure, and
small vessel stroke.

e Type 2 diabetes mellitus and smoking demon-
strated significant mediation effects in the as-
sociation of depression with coronary artery
disease and myocardial infarction.

What Are the Clinical Implications?

e The potential preventive value of depression
treatment for reducing the risk of cardiovascular
diseases requires further exploration.

Nonstandard Abbreviations and Acronyms

v instrumental variable
VW inverse-variance weighted
MR Mendelian randomization

Furthermore, the typically short duration of follow-up
in observational studies may not accurately reveal
the association of long-term exposure to depression
with coronary artery disease (CAD) and myocardial
infarction risk. Evidence from a meta-analysis of 4
prospective cohort studies has indicated that there
was no relationship between depression and CAD
when only individuals with >15 years follow-up were
included in the analyses.®

Mendelian randomization (MR) is a method used to
infer causality using genetic variants associated with
exposures of interest.® Since germline genetic variants
are randomly assigned to the offspring and remain
constant after conception, they are not affected by
environmental factors and, therefore, diminish interfer-
ence of potential confounding factors and reverse cau-
sality between exposures and disease outcomes.”®
In addition, the data of MR can be extracted from 2
independent data sets, known as 2-sample MR, which
improves the availability and efficacy of the study.”

Hence, to examine the potential causal relationship
of genetic liability to depression with the risk of CAD and
myocardial infarction, we carried out a 2-sample MR
analysis, using single nucleotide polymorphisms (SNPs)
associated with genetic liability to depression as instru-
mental variables (IVs). Mediation analysis was conducted
to investigate whether the effect of depression on CAD
and myocardial infarction was potentially mediated.
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METHODS

Study Design

The diagram of this MR analysis is displayed in
Figure 1. In brief, genetic variants were used as Vs
to explore the association between depression on
CAD and myocardial infarction based on 3 assump-
tions. First, the genetic variants should directly af-
fect risk of depression (genetic IVs for the depression
were selected at a genome-wide significance level
[P<5x1078]). Second, the genetic variants should not
be associated with any possible known confounders.
Third, the genetic variants should affect the outcome
only through the exposure. Depression-associated
IVs were searched in the GWAS (genome-wide as-
sociation study) of the outcome by querying the
matched SNPs. Where SNPs were not available in
the outcome GWAS, proxies were found via a search
through the European population genotype data,
originating from Phase 3 (Version 5) of the 1000
Genomes Project (linkage disequilibrium r?> 0.8;
identified using online tool SNiPa, available at: http:/
snipa.helmholtz-muenchen.de/snipa3/). MR analy-
ses were conducted using publicly available data
(Table S1). All original studies included have obtained
ethical review approval and informed consent from
the participants. The data and statistical coding that
support the findings of this study are available from
the corresponding author upon reasonable request.

Data Sources

Genetic Vs for depression were obtained from the
largest published GWAS meta-analysis to date,® which
included the UK Biobank (127 552 cases, 233 763
controls),'® 23andMe_307k (75 607 cases, 231 747
controls)," and PGC_139k (43 204 cases, 95 680 con-
trols).”? Depression was defined based on responses
to web-based surveys, structured diagnostic inter-
views, or electronic medical records, with individuals
who self-reported as having received a clinical diag-
nosis of or treatment for depression (see Data S1 for
more detail). The GWAS on depression identified 102
independent-lead SNPs located at 101 loci, identified
by linkage disequilibrium r°<0.1 across a 3 Mb window.
The estimate of instrumental variables explained 8.9%
of the heritability of depression in up to 807 5583 indi-
viduals (Table S2).

The primary outcomes were CAD and myocardial
infarction. Summary statistics for the association of
depression-related SNPs with CAD and myocardial
infarction were obtained from the Coronary Artery
Disease Genome-Wide Replication and Meta-
analysis plus the Coronary Artery Disease Genetics
(CardiogramplusC4D) consortium,'® including 60 801
patients with CAD (among whom were 43 676
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[ Assumption 2

IVs are not associated with confounders}
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Assumption 1
IVs directly affect
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Assumption 3

IVs directly affect the outcomes through
exposure rather than other risk factors

Figure 1.
diseases.

Diagram of the Mendelian randomization assumptions of the association between depression and cardiovascular

AF indicates atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; DBP, diastolic blood pressure; HDL, high-density
lipoprotein; HF, heart failure; HTN, hypertension; IVs, instrument variables; LDL, low-density lipoprotein; MI, myocardial infarction;
SBP, systolic blood pressure; SNPs, single nucleotide polymorphisms; and TG, triglyceride.

myocardial infarction cases), and 123 504 controls. We
further explored the associations between depression
and other vascular outcomes, including heart failure,
atrial fibrillation, and ischemic stroke and its subtypes,
as secondary outcomes. Summary-level data were
extracted from the UK Biobank Heart Failure GWAS
for heart failure (6504 cases; 387 652 controls),' the
Atrial Fibrillation Haplotype Reference Consortium for
atrial fibrillation (65 446 cases; 522 744 controls),' and
the MEGASTROKE consortium for ischemic stroke
and stroke subtypes (34 217 cases and 404 630 con-
trols).'® Based on the Trial of Org 10172 in Acute Stroke
Treatment criteria,”” stroke subtypes were categorized
as large-artery stroke (n=4373), small-vessel stroke
cases (n=5386), and cardioembolic-stroke cases
(n=7193) (Table S1).

Statistical Analysis

After extracting the data and harmonizing the direc-
tion of estimates via the effect alleles of Vs on depres-
sion and the outcomes, we generated effect estimates
using the Wald estimator and standard errors with
the Delta method.® A fixed-effects inverse-variance
weighted (IVW) meta-analysis was used to combine
the MR estimates as standard analysis. Sensitivity
analyses using the simple median, weighted median,
MR-robust adjusted profile score,'® and MR-pleiotropy
residual sum and outlier'® were also adopted. The
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MR-robust adjusted profile score corrected for hori-
zontal pleiotropy in the IVW analysis using robust ad-
justed profile scores.'® The MR-pleiotropy residual sum
and outlier test was used to detect and correct for hori-
zontal pleiotropic outliers in the IVW method, and to
explore significant differences in the causal estimates
before and after correction for outliers.'® Heterogeneity
statistics were calculated by means of IVW methods,
>25% or Cochran Q-derived P<0.05 was considered
as horizontal pleiotropy.?® The result estimate of the
IVW method was considered as the most credible if
there was no pleiotropy.?:22 Scatter plots depicting the
associations of genetically determined depression with
CAD and myocardial infarction were also provided. We
performed power calculations to evaluate the minimum
effect of >80% power as the significance according to
the sample size of each outcome.??

In addition, we conducted multivariable MR, per-
forming multivariable weighted linear regression with
the intercept term set to 0,%* to intervene on influ-
ence of the potential cardiovascular risk factors on
causal estimates. We used publicly available sum-
marized data for genetic association of instruments
with smoking and alcohol use from the GWAS &
Sequencing Consortium of Alcohol and Nicotine use
(n=1 232 091 individuals),?® type 2 diabetes mellitus
from the Diabetes Genetics Replication and Meta-
analysis (n=149 821 individuals),?® body mass index
from the Genetic Investigation of Anthropometric
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Traits (n=322 154 individuals),?” circulating lipid levels
(low-density lipoprotein cholesterol, high-density lipo-
protein cholesterol, and triglycerides) from the Global
Lipids Genetics Consortium (n=188 578 individuals),?®
and blood pressure measurements (systolic and di-
astolic blood pressure, and hypertension) from the
UK Biobank (n=317 754 individuals), published by the
Neale laboratory,?® respectively.

Cardiovascular risk factors that significantly weak-
ened the association of depression with CAD and
myocardial infarction were subsequently explored via
mediation analysis, to investigate the mediation effects
on the causal pathway from depression to CAD and
myocardial infarction (Figure S1).%°

A 2-sided P value<0.05 was considered sta-
tistically significant. For the primary analyses (as-
sociation of depression with CAD and myocardial
infarction), we adjusted the thresholds by Bonferroni
correction for number of outcomes. Therefore, we
set 2-sided P values of <0.025 (=0.05/2 outcomes)
as the thresholds for significance. For secondary out-
comes, the statistical significance thresholds were
set at P<0.05/6=0.0083 for the 6 cardiovascular
outcomes. MR analyses were conducted using the
TwoSampleMR, MendelianRandomization and MR-
pleiotropy residual sum, and outliers R packages. All
data analyses were conducted with R version 3.6.1.

Depression and Coronary Artery Disease

RESULTS

Genetically Determined Depression With
CAD and Myocardial Infarction

For the primary outcomes, there was >80% power
to detect significant differences at an odds ratio
(OR) of 1.10 or higher for CAD and myocardial in-
farction. In the standard IVW analyses, genetically
instrumented depression was associated with a
higher risk of both CAD (OR, 1.14; 95% CI, 1.06-
1.24; P=1.0x107%) and myocardial infarction (OR,
1.21; 95% Cl, 1.11-1.33; P=4.8x107%) (Figure 2 and
Figure S2). There was no indication of heteroge-
neity in the IVW analyses as measured by /2 and
Cochran Q (°’=8% for CAD, and ’=9% for myo-
cardial infarction, respectively). The MR estimates
of depression on CAD and myocardial infarction
were robust and consistent in all sensitivity analy-
ses (Figure 2). For CAD, the ORs ranged from 1.15
to 1.25, and for myocardial infarction, the ORs
ranged from 1.23 to 1.24, (all P<0.01) in the sen-
sitivity analyses. No outlier SNPs were detected
with the MR-pleiotropy residual sum and outlier
test. There was no causality between genetically
instrumented CAD or myocardial infarction and
depression (Table S3).

Outcomes MR methods OR (95% Cl) P
Coronary artery disease  (1). IVW — 1.14 (1.06-1.24) 1.0x1073
(2). Simple median — 1.23(1.10-1.38) 4.6x10™*
(3). Weighted median L] 1.25(1.11-1.42) 2.5x10™
(4). MR-RAPS — 1.15(1.05-1.26)  2.2x10°3
(5). MR-PRESSO* NA NA
Myocardial infarction (1). IvW — 1.21(1.11-1.33)  4.8x10°°
(2). Simple median — 1.23 (1.08-1.40) 1.4x1073
(3). Weighted median = 1.24(1.09-1.41) 1.3x1073
(4). MR-RAPS L) 1.24(1.13-1.36) 1.0x10
(5). MR-PRESSO* NA NA
T T T T T T 1
09 10 11 12 13 14 15

Figure 2. Mendelian randomization association of genetically predicted depression with coronary artery disease and

myocardial infarction.

Odds ratios are scaled per genetically predicted 2.72-fold (1 log-odds unit) increase in the liability to depression. *No outlier detected.
IVW indicates the inverse-variance weighted method; MR, Mendelian randomization; MR-PRESSO, MR-pleiotropy residual sum and
outlier; MR-RAPS, MR-robust adjusted profile scores; NA, not applicable; and OR, odds ratio.
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Table 1. Multivariable Mendelian Randomization Associations of Depression With Coronary Artery Disease and
Myocardial Infarction Risk Adjusting for Cardiovascular Risk Factors

Unadijusted model 1.14 (1.06-1.24) 1.0x1078 1.21 (1.11-1.393) 4.8x107°
Adjusted for alcohol 115 (1.06-1.26) 1.5x10-° 1.22 (1.10-1.34) 7.9x107°°
Adjusted for smoking 1.03 (0.93-1.14) 0.57 1.06 (0.95-1.19) 0.31

Adjusted for T2D 1.09 (0.96-1.24) 0.20 114 (0.98-1.32) 0.08

Adjusted for BMI 115 (1.01-1.31) 0.03 1.23 (1.06-1.42) 5.9x107°
Adjusted for LDL-C 117 (1.03-1.33) 0.02 1.25 (1.08-1.45) 3.6x107°
Adjusted for HDL-C 115 (1.01-1.29) 0.03 1.22 (1.06-1.40) 5.3x107°
Adjusted for TG 115 (1.01-1.32) 0.04 1.21 (1.04-1.42) 0.02

Adjusted for SBP 115 (1.06-1.25) 1.1x107°8 1.22 (1.11-1.34) 2.0x10°
Adjusted for DBP 115 (1.06-1.25) 1.2x10-8 1.22 (1.11-1.393) 2.4x107°
Adjusted for hypertension 1.15 (1.05-1.25) 1.7x1078 1.22 (1.11-1.34) 3.6x10-°

Results are scaled per genetically predicted standard deviation increase of liability to depression. BMI indicates body mass index; DBP, diastolic blood
pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; SBP, systolic blood pressure; T2D, type 2

diabetes mellitus; and TG, triglyceride.

Multivariable MR and Meditation Analysis
of the Depression-CAD and Myocardial
Infarction Risk

The association of genetically predicted depression
with CAD and myocardial infarction was robust in the
multivariable MR analyses adjusted for genetically de-
termined alcohol use, body mass index, circulating lipid
levels, or blood pressure separately. However, after ad-
justing for smoking or type 2 diabetes mellitus, our MR
results demonstrated that there was no causal effect of
depression on CAD or myocardial infarction (Table 1).
We conducted a mediation analysis to investi-
gate whether the effects of depression on CAD and

myocardial infarction were mediated by type 2 dia-
betes mellitus and smoking (Table 2). The mediation
effect of type 2 diabetes mellitus was 0.056 (95% Cl,
0.024-0.087; P=5.4x10"%) with a mediated proportion
of 41.2% (95% Cl, 17.9%-64.4%) on CAD, and 0.041
(95% ClI, 0.017-0.065; P=9.1x10"% with a mediated
proportion of 24.1% (95% ClI, 9.4%- 38.8%) on myo-
cardial infarction, respectively. Likewise, the mediation
effect of smoking was 0.047 (95% CI, 0.018-0.075;
P=1.3x10"%) with a mediated proportion of 30.5%
(95% Cl, 12.5%- 48.5%) on CAD, and 0.048 (95% Cl,
0.022-0.074; P=2.7x10"% with a mediated proportion
of 24.9% (95% Cl, 11.5%—-38.3%) on myocardial infarc-
tion, respectively.

Table 2. Mediation Analysis of the Mediation Effect of Depression on Coronary Artery Disease and Myocardial Infarction

via Type 2 Diabetes Mellitus, Smoking, or Alcohol Use

Coronary Type 2 0.135 0.500 0.111 0.056 5.4x1074 1.2 (17.9, 64.4)
artery disease diabetes (0.054-0.215) (0.272-0.729) (0.074-0.148) (0.024-0.087)
mellitus
Smoking 0.135 0.235 0.175 0.041 9.1x107* 30.5 (12.5, 48.5)
(0.054 -0.215) (0.203-0.266) (0.074-0.276) (0.017-0.065)
Myocardial Type 2 0.135 0.500 0.093 0.047 1.3x1078 241 (9.4, 38.8)
infarction diabetes (0.054 -0.215) (0.272-0.729) (0.056-0.131) (0.018-0.075)
mellitus
Smoking 0.135 0.235 0.206 0.048 2.7x1074 24.9 (11.5, 38.3)
(0.054 -0.215) (0.203-0.266) (0.099-0.313) (0.022-0.074)

*Total effect: the effect of depression on the outcome.
Direct effect A: the effect of the depression on the mediator.

*Direct effect B: the effect of the mediator on the outcome after adjusting for depression.
SMediation effect: the effect of depression on the outcome acting through the mediator.
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Outcomes OR (95% Cl) P ?
Heart failure —— 1.20(1.03-1.39) 0.02 10%
Atrial fibrillation - 1.00 (0.94-1.06) 0.95 59%
Any ischemic stroke il 1.06 (0.98-1.16) 0.17 31%
Large artery stroke — 1.12(0.91-1.39) 0.29 20%
Small vessel stroke — 1.36 (1.11-1.65) 24x107°  12%
Cardioembolic stroke —— 0.94 (0.80-1.11) 0.49 19%
T T T T T 1
06 08 10 12 14 16 18

Figure 3. Mendelian randomization association between genetically predicted depression and

other cardiovascular diseases.

ORs are scaled to per genetically predicted 2.72-fold (1 log-odds unit) increase in the liability to depression.
Estimates were obtained using the inverse variance-weighted method under a fixed-effects model. OR

indicates odds ratio.

Genetically Determined Depression and
Other Cardiovascular Diseases

We further examined the effects of depression on
other cardiovascular diseases (Figure 3). For the sec-
ondary outcomes, power calculations indicated that
depression instruments provided adequate statisti-
cal power (>80%) to detect significant differences at
an OR of 1.10 or higher for heart failure, atrial fibrilla-
tion, and any ischemic stroke, and 1.20 or higher for
ischemic stroke subtypes, respectively. Genetic liabil-
ity to depression was associated with a higher risk of
small-vessel stroke, with an OR of 1.36 (95% CI, 1.11-
1.65; P=2.4x107%). A suggestive association (P=0.05)
was found between depression and heart failure (OR,
1.20; 95% Cl, 1.03-1.39; P=0.02). No indication of het-
erogeneity was found in associations of small vessel
stroke or heart failure with depression as measured
by /7 and Cochran Q. The IVW estimate showed there
was no association of the genetically determined de-
pression with atrial fibrillation (OR, 1.00; 95% ClI, 0.94—
1.06; P=0.95), any ischemic stroke (OR, 1.06; 95% ClI,
0.98-1.16; P=0.17), large-artery stroke (OR, 1.12; 95%
Cl, 0.91-1.39; P=0.29), or cardioembolic stroke (OR,
0.94; 95% ClI, 0.80-1.11; P=0.49). No causal effect of
cardiovascular diseases on depression was detected
(Table S3).

DISCUSSION

This MR study demonstrated significant associations
of genetic liability to depression with CAD and myocar-
dial infarction risk. Genetically instrumented depression

J Am Heart Assoc. 2021;10:e017986. DOI: 10.1161/JAHA.120.017986

was also associated with higher risks of heart failure
and small-vessel stroke.

Our findings were in line with a meta-analysis of
30 prospective studies demonstrating that depres-
sion was associated with both CAD (relative risk, 1.30;
95% Cl, 1.22-1.40) and myocardial infarction (relative
risk, 1.30; 95% Cl, 1.18-1.44) risk.5 However, the re-
lationship between depression and CAD in the me-
ta-analysis disappeared after >15 years of follow-up.
Our MR study revealed long-term and stable effects of
depression on this risk. In addition, previous research
showed that there was no genetic causal effect of CAD
on depression (OR, 1.01; 95% Cl, 1.00-1.03; P=0.11),%
which was consistent with our results.

The causality from depression to CAD and myocar-
dial infarction has a biological basis. Previous studies
have shown that genetic liability to depression was as-
sociated with higher body mass index and obesity,333
hypertension,®* increased sympathetic excitability,®
and endothelial dysfunction.3® A recent MR study re-
ported that depression and CAD shared common risk
factors such as interleukin-6, C-reactive protein, and
triglycerides,®" which was in line with clinical findings.*”

Previous observational studies and MR analyses
yielded inconsistent results on causal relationship
from depression to an increased risk of stroke. Wium-
Andersen et al*® performed a large prospective cohort
study including 93 076 participants. After a follow-up
period of 20.6 years, 11 787 stroke and 2276 depres-
sion cases were identified. They found that depression
was associated with a higher risk of stroke (hazard
ratio, 1.94; 95% ClI, 1.63-2.30). In contrast, Gill et al*®®
showed that there was no genetic causal relationship
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from depression (56 SNPs explaining 1.2% of the vari-
ance) to ischemic stroke or poor functional outcome
90 days after ischemic stroke (60 341 cases and
454 450 controls; the analysis of functional outcome
3 months after ischemic stroke, based on analysis of
6021 patients). A more recent MR study conducted
by Cai et al,*® using 72 SNPs of P<1x107¢ identified
in a study of 135 458 depression cases and 344 901
controls, reported that depression was associated
with a 33% increased risk of small-vessel stroke (95%
Cl, 1.08-1.65), but not with other stroke types, which
was in line with our findings. The discrepancy might
be the result of selection bias, because the use of an-
tidepressants also increases the risk of stroke.! Our
MR estimates were less affected by bias for causal in-
ference between depression and stroke risk with de-
pression-associated SNPs. Moreover, the 102 SNPs
used as IVs in our study, explaining up to 8.9% of the
variance, yielded more reliable results than the above
2 MR studies.

Daskalopoulou et al*® performed a retrospective
cohort study of 1 937 360 participants who were free
from cardiovascular disease at baseline, using UK
electronic health records. After a median follow-up
period of 6.9 years, 367 117 (19.0%) patients with a
history of depression, and 14 359 heart failure events
were identified in the study. Compared with the con-
trols, patients diagnosed with depression had a higher
risk of heart failure (OR, 1.18; 95% CI, 1.13-1.24) in a
fully adjusted Cox regression model. Another study,
including 3 500 570 patients admitted with heart fail-
ure (9.7% with depression), reported that the pres-
ence of depression was associated with a higher
risk of 30-day readmission rate (19.7% versus 18.5%;
P<0.001).43

Our study is the first to use MR analyses to explore
the relationship of depression with CAD and myocar-
dial infarction, with sensitivity analyses and intervening
on potential cardiovascular risk factor for robustness
evaluation. The study included several strengths. First,
a total of 102 SNPs were used as Vs, which explained
8.9% of the variance, in an analysis of 807 553 indi-
viduals. Second, the study used a large sample size,
with up to 60 801 CAD cases and 123 504 controls
by using the 2-sample MR analysis. Third, we included
comprehensive cardiovascular diseases as outcomes.
Fourth, the influence of potential confounders and bias
in observational studies was minimized by using MR
analyses, particularly after correcting for pleiotropy.
However, our MR analyses were subject to some
limitations. First, the definitions of depression were
different in the 3 included studies of GWAS, which
weakened the causal effect of genetic instruments to
some extent. However, there were strong genetic cor-
relations (>0.85) between them, and the large sample
size ensured the directionality agreement. Second,
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patient-level data, such as sex, were lacking; there-
fore, we could not assess the association between
depression and cardiovascular diseases in different
sexes, considering there have been studies report-
ing increased risk of myocardial infarction in women,
but not in men. Third, the majority of the participants
in this study were of European descent, which might
limit the scope of our findings. Fourth, there was a
sample overlap (UK Biobank mainly) in the GWAS of
depression and secondary outcomes of heart failure
and atrial fibrillation, which might lead to some model
overfitting. However, the analysis of depression-re-
lated SNPs (P<1x1076) from only the 23andMe_307K
data set yielded similar results (Figure S3). Fifth, the
potential pleiotropy mediated through unknown causal
pathways in the association between depression and
cardiovascular diseases may affect the results, despite
the lack of evidence for pleiotropy in the analyses, or
the consistent results in the multivariable MR analyses.

In conclusion, our MR study supports the causal
associations of genetic liability to depression with
risks of CAD, myocardial infarction, heart failure, and
small-vessel stroke. Future studies are warranted to
elucidate the potential preventive value of depression
treatment on cardiovascular outcomes.
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Data S1.

Supplemental Methods

Definition of depression

1. UK biobank!°

1) The broad definition of depression was used in the UK Biobank. Measured in a variety of ways:
a. Have you ever seen a general practitioner for nerves, anxiety, tension or depression?
b. Have you ever seen a psychiatrist for nerves, anxiety, tension or depression?

2) Does not include the participants who were identified with bipolar disorder, schizophrenia, or

personality disorder using self-declared data as well as prescriptions for antipsychotic medications.

2.23andMe_307k!!

1) The data were derived from the genome-wide association study results of the discovery 23andMe.
2) Depression was defined based on responses to web-based surveys, with individuals that self-
reported as having received a clinical diagnosis or treatment for depression classified as cases.

3. PGC_139k"?

1) PGC 139k cohort was obtained from the meta-analysis of major depressive disorder utilizing
European-ancestry PGC cohorts with the 23andMe 307k and the previous UK Biobank cohorts
removed.

2) Depression was defined based on structured diagnostic interviews, or electronic medical records,

with individuals that self-reported as having received a clinical diagnosis or treatment for depression.



Table S1. Descriptive information of the studies and datasets included in the analyses

GWAS Phenotype Participants Ancestry Use in this MR study Adjustments*
. 246,363 cases . Age, sex, genotype
Howard et al, 2019° Depression Multi-ancestry Exposure
561,190 controls platform
60,801 cases Multi-ancestry .
CARDIoGRAMplusC4D!*  CAD/MI Primary outcome age, sex
123,504 controls (77% European)
6,504 cases age, Sex, genotypin,
Aragam et al, 20184 HF European Secondary outcome 2 genotyping
387,652 controls platform array
65,446 cases Multi-ancestry
AF HRC" AF Secondary outcome age, sex
522,744 controls (91% European)
Any ischemic stroke and 34,217 cases
MEGASTROKE'® European Secondary outcome age, sex
subtypes (LAS, SVS, CES) 404,630 controls
o Confounder in multivariable
GIANT? BMI 322,154 individuals European MR age, age squared
o Confounder in multivariable
GLGC?® LDL-C, HDL-C, TGL 188,578 individuals European R age, sex
UK Biobank® . Lo Confounder in multivariable
. SBP, DBP, hypertension 317,754 individuals European sex
(Neale lab analysis) MR
34,840 cases European Mediator in  mediation
DIAGRAM?® T2D o . age, sex
114,981 controls Pakistani analysis
) o Mediator  in mediation age, sex, interaction
GSCAN? Smoking, alcohol use 1,232,091 individuals European

analysis

between age and sex

* All GWAS studies have further adjusted for principal components.



GWAS names: AF HRC, Atrial Fibrillation Haplotype Reference Consortium; CARDIoGRAMplusC4D, Coronary ARtery DIsease Genome-wide Replication and Meta-
analysis (CARDIoOGRAM) plus The Coronary Artery Disease (C4D) Genetics; DIAGRAM, DIAbetes Genetics Replication and Meta-analysis; GIANT, Genetic
Investigation of Anthropometric Traits; GLGC, global lipids genetics consortium; GSCAN: GWAS & Sequencing Consortium of Alcohol and Nicotine use.
Phenotypes: AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; CES, cardioembolic stroke; DBP, diastolic blood pressure; HDL-C, high-
density lipoprotein cholesterol; HF, heart failure; LAS, large artery stroke; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; SBP, systolic blood
pressure; SVS, small vessel stroke; T2D, type 2 diabetes; TGL, triglycerides.



Table S2. Characteristics of the genetic variants associated with depression

SNP Effect allele Non-effect  Effect allele Chromosome Position Gene Beta* Standard P-value
allele frequency Error

rs301799 T C 0.569%4 1 8489302 RERE -0.025 0.0035 1.356E-12
rs1002656 T C 0.7033 1 37192741 RP4-614N24.1 -0.0266 0.0038 3.739E-12
rs1466887 T C 0.5511 1 37709328 RP5-1180C18.1 -0.0199 0.0036 4.118E-08
rs11579246 A G 0.9067 1 50559162 ELAVL4 0.0381 0.0061 5.706E-10
rs1890946 T C 0.4671 1 52342427 NRDC -0.0235 0.0035 2.68E-11

rs10789214 T C 0.5661 1 67146817 SGIP1 0.0193 0.0035 4.442E-08
152568958 A G 0.6156 1 72765116 RPL31P12 0.0373 0.0036 8.473E-25
rs10890020 A G 0.5156 1 73668836 RN7SKP19 -0.0277 0.0035 4.028E-15
rs113188507 A G 0.2838 1 80809636 AL606519.1 0.0221 0.0039 1.871E-08
rs10913112 T C 0.3767 1 175913828 RFWD2 -0.0264 0.0036 3.4E-13

rs72710803 A C 0.9121 1 177428018 RP1-35C21.2 -0.041 0.0062 5.289E-11
rs169235 A G 0.753 1 181740924 CACNAIE -0.0229 0.0041 2.976E-08
rs17641524 T C 0.2091 1 197704717 DENNDI1B -0.032 0.0043 1.522E-13
r$12052908 A T 0.5325 2 22503044 N.A. -0.022 0.0035 4.436E-10
151568452 T C 0.3851 2 58012833 ACTGI1P22 0.0248 0.0036 8.118E-12
1s7585722 T C 0.8458 2 86819128 RNF103-CHMP3  -0.0269 0.0048 2.675E-08
151226412 T C 0.7917 2 157111313 LINCO01876 0.0256 0.0043 3.459E-09
1562188629 A G 0.3136 2 208044470 AC007879.1 0.0236 0.0038 7.127E-10
rs4346585 T C 0.696 3 44736493 RP11-944L7.4 -0.0236 0.0038 7.127E-10
rs13084037 A G 0.774 3 49214066 KLHDCS8B -0.0245 0.0042 7.084E-09
187624336 T G 0.2087 3 53244151 AC097015.1 0.0238 0.0043 3.957E-08
rs141954845 A G 0.388 3 61192911 FHIT 0.0229 0.0037 8.145E-10
rs6783233 T C 0.2833 3 117509984 RP11-384F7.2 0.0218 0.0039 2.903E-08
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0.0039
0.0035
0.0054
0.0037
0.0035
0.0042
0.0046
0.0038
0.0044
0.0036
0.0046
0.004

6.229E-18
9.1E-10
5.021E-09
3.911E-10
1.681E-13
2.059E-08
6.363E-10
7.308E-13
3.718E-14
3.936E-11
6.033E-09
4.331E-10
4.447E-11
3.739E-12
1.506E-12
1.297E-09
3.172E-08
1.18E-12
1.497E-11
1.954E-09
1.252E-11
3.699E-16
2.698E-10
4.812E-08
2.288E-09
7.441E-09




rs5995992 T C 0.7155 22 41487218 rs5995992 -0.0266 0.0039 1.3E-11

*The beta coefficients represent the 1-unit change in the probability of getting depression for each additional effect allele.



Table S3. Mendelian randomization associations of genetically predicted cardiovascular diseases with depression.

IVW MR-PRESSO

Outcome Risk factors SNP OR (95% CI) D OR (95%CI) P

Depression Coronary artery disease 39 1.01 (1.00-1.03) 0.14 1.01 (0.99-1.03)* 0.20
Myocardial infarction 23 1.01 (0.99-1.03) 0.50 NAT NA
Heart failure 5 1.01 (0.97-1.05) 0.79 1.04 (0.97-1.12)% 0.35
Atrial fibrillation 90 1.00 (0.99-1.02) 0.71 1.00 (0.99-1.02)§ 0.62
Any Ischemic Stroke 9 1.02 (0.96-1.07) 0.54 NATt NA
Large artery stroke 3 1.01 (0.97-1.05) 0.73 NAT NA
Small vessel stroke 0 / / / /
Cardioembolic stroke 3 1.02 (0.99-1.05) 0.32 NA+t NA

CI, confidence interval; OR, odds ratio; IVW, the inverse-variance weighted method; MR-PRESSO, MR-Pleiotropy Residual Sum and Outlier; NA, not available; SNP,
single nucleotide polymorphism.

*MR-PRESSO IV outliers detected: rs11191416 and rs663129.

+No outlier detected.

TMR-PRESSO 1V outliers detected: rs2234962.

§ MR-PRESSO 1V outliers detected: rs2738413, rs62011291, 1572926475, and rs7978685.



Figure S1. Diagram for the mediation analysis of the mediation effect of depression on coronary artery disease and myocardial infarction via type 2
diabetes mellitus, smoking or alcohol use.

Instrument variables
Mediators-associated SNPs

A

Mediators
T2D, smoking, alcohol use
A B
Instrument variables Exposure Outcome
Depression-associated SNPs Depression C’ CAD/MI

A, the effect of the depression on the mediator. B, the effect of the mediator on the outcome after adjusting for depression. C’, the effect of depression on the outcome
acting through the mediator. The mediation effect (C’) is calculated by multiplying A times B. The standard error of mediation effect is calculated as

= |z 4 oy

with Sc, Sa, Sp the standard errors of C’, A, B, respectively. The corresponding 95% confidence intervals are implemented as
95% confidence intervals = e¢~1965c¢/ g @€ +1.965cs

CAD, coronary artery disease; MI, myocardial infarction; SNPs, Single nucleotide polymorphisms; T2D, type 2 diabetes mellitus.



Figure S2. Scatter plots of SNP potential effects regarding the associations of genetically determined depression with (A) coronary artery disease and
(B) myocardial infarction, with the slope of line corresponding to estimated MR effect derived from inverse-variance-weighted MR analyses.
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Figure S3. Mendelian randomization association of genetically predicted depression with heart failure and atrial fibrillation.

Outcomes OR (95% Cl) P I
—0— 1.20(1.03-1.39) 0.02 10%
Heart failure -
o 1.33(1.02-1.74) 0.04 12%
- 1.00 (0.94-1.06) 0.95 59%
Atrial fibrillation -
- — 0.94 (0.84-1.04) 0.23 35%

Odds ratios are scaled to per genetically predicted 2.72-fold (1 log-odds unit) increase in the liability to depression.
CI, confidence interval; OR, odds ratio

® All cohorts
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