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Polygenic risk scores (PRS) are an increasingly available tool to refine risk prediction for
cardiometabolic diseases. Favourable lifestyle behaviours might offset increased polygenic
risk, but whether frequency of depressed mood stratifies PRS-associated risk is unknown.
Here, we calculated individual-level 3-million-variant PRS for coronary artery disease
(CAD), type 2 diabetes (T2D), and atrial fibrillation? among 328,152 genotyped European-
ancestry individuals in the UK Biobank. After adjustment for clinical/lifestyle factors and
PRS, low versus high frequency of depressed mood was associated with lower risks of
incident CAD by 34%, T2D by 33%, and atrial fibrillation by 20%. Frequency of depressed
mood stratified risk for CAD and T2D across low (lowest quintile), intermediate (middle 3
quintiles), and high (highest quintile) PRS strata. Depression was associated more strongly
with CAD in women compared with men (Pinteraction <0.001). Overall, lower burden of
depressed mood was independently associated with lower risk of CAD and T2D across the
cardiometabolic polygenic risk spectrum.
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While diet, exercise, and smoking have long been recognized as significant behavioural
contributors to cardiovascular health,3-% mounting evidence also implicates depression as

an independent risk factor for cardiovascular disease (CVD).” In the INTERHEART study
of approximately 25,000 individuals across 52 countries, depression was independently
associated with a 1.55-fold risk of myocardial infarction.® In a recent study of 563,255
individuals from 22 pooled cohorts, each additional standard deviation (SD) of greater
depressive symptoms was independently associated with 1.06- to 1.10-fold increased risk for
a composite of CAD and stroke.®

PRS are the quantitative representation of heritable risk for a particular trait or condition
conferred by many common genetic variants.! PRS are predictive of cardiometabolic
disease,10:11 may identify individuals most likely to benefit from preventive therapies, 1012
and are increasingly available in clinical and direct-to-consumer settings. PRS may

be particularly useful for risk assessment early in life, prior to development of overt
cardiometabolic risk factors.! Although optimal management of high polygenic risk

for cardiometabolic diseases remains to be defined, prior observational studies suggest
favourable lifestyle behaviours may mitigate heightened polygenic risk,211:13 implying
lifestyle modification may be an efficient strategy to address elevated polygenic risk. This
analysis aimed to assess whether frequency of depressed mood further stratifies polygenic
risk of cardiometabolic conditions, independent of lifestyle and conventional CVD risk
factors.

Here, we tested the association of frequency of depressed mood with incident CAD, T2D,
and atrial fibrillation across the spectrum of polygenic risk, and secondarily in those at high
polygenic risk, in the UK Biobank.

Description of the Study Cohort

The study cohort included 328,152 genotyped, unrelated, European-ancestry participants
from the UK Biobank (Extended Data Figure 1). Excluded individuals were older and had a
greater burden of cardiometabolic risk factors and prevalent CVD (Supplementary Table 1).
Mean (SD) age of the study sample was 56.8 (7.9) years, and 173,333 (52.8%) were female.
Overall, 255,078 individuals (77.7%) reported no episodes of depressed mood in the past 2
weeks (low frequency of depressed mood), 59,950 (18.3%) reported depression several days
in the past 2 weeks (moderate frequency), and 13,124 (4.0%) reported depression more than
half of days or nearly every day (high frequency).

Individuals with greater frequency of depressed mood were younger at baseline, more likely
to be female, and more likely to be current smokers; reported less vegetable and fresh

fruit intake, exercise, and sleep; and had higher body mass index (BMI), higher C-reactive
protein, and higher baseline prevalence of CAD, hypertension, hypercholesterolemia, and
T2D (Table 1).

Participants were followed up for outcomes over a median (interquartile range) of 11.1
(10.4-11.8) years. Among individuals without each condition at baseline in the full cohort,
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17,880 (of 314,892 [5.7%]) developed CAD, 14,345 (of 321,248 [4.5%]) developed T2D,
and 15,397 (of 322,480 [4.8%]) developed atrial fibrillation.

Polygenic Risk and Incident Outcomes

PRS for CAD, T2D, and atrial fibrillation were derived from genome-wide

association studies (GWAS) performed in consortia external to the UK Biobank
(CARDIOGRAMplusC4D,1* DIAGRAM,1® and AFGen,16 respectively) using AnnoPred
as previously described.217 Briefly, AnnoPred is a genome-wide Bayesian method that
leverages genomic and epigenomic functional annotations to adjust variant weights.217 The
AnnoPred method recently yielded superior risk prediction compared with other current
state-of-the-art polygenic risk scoring approaches.?

For each condition under study, polygenic risk was independently associated with the
corresponding outcome. After complete covariate adjustment including frequency of
depressed mood, genetically increased risk was associated with higher risk of CAD (hazard
ratio [HR] per SD of CAD polygenic risk: 1.32, 95% 1.30-1.34, P<2.2x10716), T2D (HR
per SD: 1.38, 95% CI 1.35-1.40, P<2.2x10716), and atrial fibrillation (HR per SD: 1.46,
95% Cl 1.44-1.49, P<2.2x10716),

Greater frequency of depressed mood was modestly associated with higher CAD PRS
(higher CAD PRS by 0.012 SD per depression category, 95% CI 0.005-0.019 SD,
P=3.6x1074) and higher T2D PRS (higher T2D by 0.009 SD, 95% CI 0.003-0.016 SD,
P=0.006) but not with atrial fibrillation PRS (P=0.29).

Frequency of Depressed Mood and Incident Outcomes

The primary study exposure was self-reported frequency of depressed mood, ascertained
at study enrolment. After adjustment for age, age?, sex, the first 20 principal components
of ancestry, genotyping array, country of study enrolment (England, Scotland, or Wales),
Townsend deprivation index, smoking status, pack-year smoking history, alcohol intake,
vegetable and fresh fruit intake, days per week of moderate and vigorous exercise,

sleep duration, systolic blood pressure, antihypertensive medication use, non-high-density
lipoprotein cholesterol, cholesterol-lowering medication use, antiplatelet medication use,
antihyperglycemic medication use, prevalent type 2 diabetes mellitus (models for coronary
artery disease and atrial fibrillation only), body mass index, C-reactive protein, and
polygenic risk, low frequency of depressed mood (vs. high frequency of depressed mood
[reference]) was associated with 34% lower risk of CAD (HR 0.66, 95% CI 0.61-0.71,
P<2.2x10716), 33% lower risk of T2D (HR 0.67, 95% CI 0.62-0.72, P<2.2x10716), and 20%
lower risk of atrial fibrillation (HR 0.80, 95% CI 0.73-0.88, P=1.4x107%) (Table 2).

Frequency of depressed mood significantly stratified risk among individuals across low
(lowest quintile), intermediate (middle 3 quintiles), and high (highest quintile) levels of
polygenic risk for incident CAD and T2D, and frequency of depressed mood and polygenic
risk conferred additive risk (Figure 1, Extended Data Figure 2, Supplementary Table 2).
Absolute risk differences associated with a lower frequency of depressed mood were
modestly higher among individuals with high (vs. moderate or low) polygenic risk for
CAD and substantially larger among individuals with high polygenic risk for T2D. Among
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individuals at high polygenic risk without each condition at baseline, low vs. high frequency
of depressed mood was associated with a lower incidence rate for CAD by (7.61 vs. 9.72
per 1,000 person-years, incidence rate difference —2.11 [95% CI —3.31 to —0.90] per 1,000
person-years, P=6.1x1074) and with a lower incidence rate for T2D (6.83 vs. 11.84 per
1,000 person-years, incidence rate difference —5.01 [95% CI -6.34 to —3.68] per 1,000
person-years, P=1.5x10713). In fully adjusted models (Table 3), the combination of high
polygenic risk and high frequency of depressed mood vs. low polygenic risk and low
frequency of depressed mood (reference) was associated with 3-fold risk for incident CAD
(HR 3.11, 95% CI 2.69-3.59, P<2.2x10716), 4-fold risk for incident T2D (HR 3.82, 95%
Cl 3.31-4.40, P<2.2x10716), and 3.5-fold risk for atrial fibrillation (HR 3.51, 95% CI 2.97—
4.15, P<2.2x10716),

Among individuals at high polygenic risk, a low vs. high burden of depressed mood was
associated with lower risk of all outcomes in sparsely adjusted models, with greatest
magnitude of risk reduction observed for T2D (Supplementary Table 3). After further
adjustment for lifestyle factors, conventional CVD risk factors, and C-reactive protein,
associations of depression with outcomes remained statistically significant for incident CAD
(HR for low vs. high frequency of depressed mood: 0.70, 95% CI 0.61-0.81, P=1.2x1076)
and T2D (HR for low vs. high frequency of depressed mood: 0.66, 95% CI 0.57-0.74,
P=3.0x10710), while associations with incident atrial fibrillation did not retain significance
(Extended Data Figure 3).

Sensitivity Analyses

Sensitivity analyses excluding all individuals with CAD, T2D, atrial fibrillation, ischemic
stroke, peripheral artery disease, or heart failure at baseline were nearly identical to primary
analyses (Supplementary Table 4). Similarly, further adjustment for use of antidepressants
and exclusion of individuals taking antidepressant medications at baseline each did not
materially change findings (Supplementary Table 5). Additional analyses with follow-up
truncated prior to the outbreak of the SARS-CoV2 pandemic yielded identical results to
those of the primary models (Supplementary Table 6).

In addition, PHQ-2 scores grouped as scores of 0 (low), 1-2 (moderate), and =3

(high) were distributed similarly to the primary exposure (72.7%, 22.6%, and 4.7%,
respectively) and demonstrated strikingly similar associations compared with primary
analyses (Supplementary Table 6). Associations were similar when a low PHQ-2 score was
defined as 0-1 (Supplementary Table 7). In fully adjusted models including polygenic risk,
each additional point on the PHQ-2 score was associated with greater risk of CAD (HR
1.10, 95% CI 1.08-1.11, P<2.2x10716), T2D (HR 1.11, 95% CI 1.09-1.13, P<2.2x10716),
and atrial fibrillation (HR 1.05, 95% CI 1.03-1.07, P=5.7x1079).

Assessment of Interactions

We observed a significant interaction between polygenic risk and frequency of depressed
mood for incident CAD (after full covariate adjustment, HR(interaction): 0.95, 95% CI
0.93-0.98, P=0.003; Supplementary Table 8) whereby the association between depression
and CAD wias slightly smaller among individuals at high vs. low polygenic CAD risk
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(Supplementary Table 9). To test whether this finding might be driven by higher proportion
of individuals with prevalent CAD excluded from analysis among those with high polygenic
risk, we tested interactions for total (prevalent and incident) CAD using logistic regression
and observed identical interactions (Supplementary Table 10). By contrast, interactions
between polygenic risk and frequency of depressed mood were not observed for other
outcomes (Supplementary Table 8).

Sex Differences

We observed an interaction between sex and frequency of depressed mood for incident

CAD (fully adjusted HR(interaction of depression*female sex): 1.11, 95% CI 1.05-1.18,
P<0.001). In fully adjusted models including polygenic risk, a low vs. high burden of
depression was independently associated with greater CAD risk reduction in women (HR
0.57, 95% CI 0.51-0.63, P<2.2x10716) vs. men (HR 0.74, 95% CI 0.67-0.81, P=3.1x107°,
Supplementary Table 11). We did not observe significant sex*depression interactions in fully
adjusted models for T2D or atrial fibrillation.

Comparing Depression Frequency and Polygenic Risk

A high frequency of depressed mood was associated with the same crude cumulative
incidence as the top 27t percentile of CAD PRS and the top 22" percentile of T2D

PRS. Using the magnitude of associations derived from fully adjusted models, low vs. high
frequency of depressed mood was equivalent to having a lower CAD PRS by 1.51 SD, lower
T2D PRS by 1.24 SD, and lower atrial fibrillation PRS by 0.57 SD.

Discussion

In a prospective cohort of >325,000 British adults, a lower burden of depressed mood was
associated with decreased risk of CAD, T2D, and atrial fibrillation across the polygenic

risk spectrum. Among individuals at high polygenic risk, who have highest absolute risk of
developing disease, a low vs. high burden of depression was independently associated with
lower risk of CAD and T2D by 30-32%. Although absolute risk differences associated with
frequency of depressed mood were modest in this relatively low-risk cohort, the association
of depressed mood with outcomes was independent of lifestyle factors known to associate
with both mental health and CVD (diet, exercise, sleep, tobacco and alcohol use) and other
conventional CVD risk factors. In addition, frequency of depressed mood was more strongly
linked to incident CAD in women vs. men.

This analysis extends prior work on depression and incident cardiometabolic disease

in several respects. Our study now demonstrates additive effects of depression across

strata of polygenic risk, as assessed using a recently described PRS approach. Although
lifestyle behaviours also stratify polygenic risk of cardiometabolic disease, 21113 frequency
of depressed mood was associated with cardiometabolic outcomes independent of these
lifestyle factors. The large cohort size and detailed phenotyping of UK Biobank
participants permitted a more comprehensive set of covariates (including vital signs and
laboratory biomarkers) than prior large studies of depression and CVD7~9:18.19 and enabled
examination of outcomes beyond atherosclerotic CVD alone.
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We identified an interaction between frequency of depressed mood and CAD PRS whereby
the association between depression and CAD was slightly smaller among individuals at high
vs. low polygenic CAD risk. To our knowledge, no such interaction has been previously
reported. Given the correlation we observed between CAD PRS and frequency of depressed
mood, one potential explanation for this interaction may be that a genome-wide CAD PRS
incorporating millions of variants may be already capturing some of the association between
depression and CAD in the PRS itself.

The findings of this study may have implications for improving individual- and population-
level cardiometabolic health. First, a reduced burden of depressed mood is associated with
lower risk for future development of adverse outcomes independent of other lifestyle factors.
This finding is consistent with recent Mendelian randomization analyses suggesting that
depression may be a causal risk factor for CVD.2%:21 The mechanisms linking depression to
cardiometabolic disease, however, remain incompletely understood.?2 Prior analyses suggest
modest mediating effects of T2D and lipid levels for CAD.20:21 Other proposed mechanisms
linking depression to CVD include autonomic dysregulation, alteration of neuroendocrine
pathways, and elevated systemic inflammation.22-25

Second, the association of depression with CAD risk may be even stronger among women.
Women with established CVD are two-fold more likely than men with established CVD

to have depression.26 However, previous data regarding sex differences for prevalent
depression and subsequent development of CVD are mixed, suggesting stronger association
between depression and incident CVD in women,27-28 men,18.29 or no sex difference.”-30
Here, we observed a stronger association with depression observed in women vs. men. This
finding stands seemingly in contrast with that of the PURE study, where a greater number
of depressive symptoms associated more strongly with a composite CVD outcome in men
vs. women.18 This apparent discrepancy may stem from various differences in experimental
design but potentially more so in outcome definition differences; PURE focused on a

broad composite CVD outcome whereas we observe an interaction specifically for CAD. A
heightened state of systemic inflammation in women vs. men with depression may underlie
this observed sex difference,31:32 although further research to elucidate relevant sex-specific
pathobiology is needed.

Third, these findings imply that management of depressed mood may reduce
cardiometabolic risk. However, high-quality data on the effects of depression treatment
on cardiometabolic outcomes, particularly in primary prevention populations, is currently
lacking,33 and high-quality randomized trials are necessary to affirm this hypothesis.

This work should also be interpreted in the context of study design. First, the primary
exposure was assigned based on a single two-week recall measure. This exposure had
strikingly similar associations with cardiometabolic outcomes compared with PHQ-2 scores;
indeed, the findings of this study underscore the prognostic significance of this single
question, highlighting its potential for incorporation in care settings where depression
screening is not routinely performed. Misclassification related to self-reported exposure
may bias estimates toward the null. Second, frequency of depressed mood and lifestyle
behaviours were assessed only at baseline, and cumulative and time-varying burden of
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depression, lifestyle risk, and other risk factors were not assessed. Third, data restrictions
preclude chart validation of incident events in the UK Biobank; however, genetic analyses
using these phenotype definitions have yielded highly consistent results compared with those
from validated epidemiologic studies.34:3% Fourth, UK Biobank participants are healthier on
average than the broader UK population,3® which may influence absolute risk differences
and the magnitude of estimated associations. Fifth, because polygenic risk scores have

to date focused on European ancestry individuals, the present study cohort was restricted

to white Europeans; further research is needed to establish generalizability to diverse
populations. Finally, as in any observational analysis, we cannot exclude the possibility

of residual confounding, and causality cannot be established from these results.

In summary, lower frequency of depressed mood was independently associated was
decreased risk of CAD and T2D across the spectrum of polygenic risk. Further research
is needed to clarify mechanisms and implications for preventive care.

Study Cohort

The UK Biobank is a prospective, observational, population-based cohort of >500,000 adult
residents of the United Kingdom aged 40-69 years at the time of recruitment between 2006—
2010.37 The present study was conducted under UK Biobank application number 7089. The
UK Biobank was approved by the North West Multi-centre Research Ethics Committee,

and all subjects provided written informed consent. Participants were not compensated for
study participation, although reimbursement was available for expenses incurred through
participation. The Massachusetts General Hospital institutional review board approved
secondary analysis of these data.

At enrolment, participants provided detailed information on medical history, medication use,
lifestyle factors, and mental health, and underwent physical assessment and phlebotomy

for laboratory analysis and genotyping. Participants were followed for the development of
incident diagnoses through linkage to national health records and follow-up study visits.3”
The present analysis included genotyped, unrelated European ancestry participants with
complete available data on self-reported frequency of depressed mood, socioeconomic
status, sleep, and health behaviours. Follow-up for the primary analyses occurred through
March 2020.

Study Cohort, Genotyping, and Imputation

A subset of 49,950 participants were genotyped using the UK Biobank BiLEVE Axiom
Array,38 and the remaining 438,427 were genotyped using the UK Biobank Axiom Array
(both arrays by Affymetrix, Santa Clara, CA); these arrays share >95% of marker content.3’
Imputation was performed centrally by the UK Biobank using the Haplotype Reference
Consortium, UK10K, and 1000Genomes phase 3 reference panels as described previously.3”
The present analysis considered individuals with white British ancestry, concordance
between genetic and reported sex, and no sex chromosome aneuploidy. Participants within 3
degree of relatedness were identified using the Kinship-Based Inference for Genome-Wide
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Association Studies tool,3 and one from each pair of related individuals was excluded at

random.

Polygenic Risk Scores and Risk Strata

Exposures

Covariates

PRS for CAD, T2D, and atrial fibrillation were derived from GWAS performed in consortia
external to the UK Biobank (CARDIoOGRAMplusC4D,14 DIAGRAM,1® and AFGen,16
respectively) using AnnoPred.21” AnnoPred is a genome-wide Bayesian method that
leverages genomic and epigenomic functional annotations, all external to the UK Biobank,
to adjust variant weights.217 Ye et al. recently identified optimal AnnoPred PRS for CAD,
T2D, and atrial fibrillation by testing 88 candidate PRS for each trait using 4 levels of
functional annotations (including diverse genome annotations,*® GenoCanyon functionality
scores, GenoSkyline tissue-specific functionality scores, and cell-specific functionality
scores), 2 different assumptions about variant effects, and 11 different tuning parameters,
selecting the score which maximized area-under-the-curve in training and testing datasets.?
The AnnoPred method yielded superior risk prediction compared with other current state-of-
the-art polygenic risk scoring approaches.? The optimal AnnoPred-derived polygenic scores
(using variants with minor allele frequency =0.05) included 2,994,054 variants for CAD,
2,996,76 variants for T2D, and 2,996,792 variants for atrial fibrillation.2 Polygenic risk for
each condition was designated to be high (highest quintile of PRS), intermediate (middle 3
quintiles), or low (lowest quintile).

The primary study exposure was self-reported frequency of depressed mood in the prior

2 weeks, ascertained at study enrolment. Participants were prompted by touchscreen to
complete the Patient Health Questionnaire-2 (PHQ-2) screening instrument for depression,
which includes the question: “Over the past two weeks, how often have you felt down,
depressed or hopeless?” (UK Biobank field ID 2050). Available answers included “not

at all,” “several days”, “more than half of days,” and “nearly every day.” Frequency of
depressed mood was categorized as low (no depressed mood in the prior 2 weeks), moderate
(several days of depressed mood in the prior 2 weeks), or high (depressed mood more than
half of days or nearly every day). In primary analyses, individuals with a high burden of
depressed mood constituted the reference group.

Medical conditions at baseline were captured by participant self-report, with verification
by a trained study nurse, and/or by the presence of qualifying ICD code in the
participant’s medical record (Supplementary Appendix). Health behaviours, including
dietary intake, exercise frequency, sleep, alcohol and tobacco use, were systematically
ascertained by self-report. Pack-years of tobacco use were coded by the UK Biobank as
0 if subject quit smoking before age 16 or total duration of smoking was <6 months.

We extracted medication use at baseline, including all cholesterol-lowering medications,
antihypertensive medications, antiplatelet medications (aspirin, clopidogrel, dipyridamole),
and antihyperglycemic medications (metformin, sulfonylureas, thiazolidinediones, and
insulin). In addition, we extracted data on baseline use of antidepressant medications
(selective serotonin reuptake inhibitors, serotonin/norepinephrine reuptake inhibitors,
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tricyclic antidepressants, monoamine oxidase inhibitors, bupropion, mirtazapine, and
trazodone). Participants underwent measurement of anthropomorphic data and vital signs,
as well as phlebotomy for laboratory analysis, including total and high-density lipoprotein
cholesterol and high-sensitivity C-reactive protein (AU5800 platform, Beckman Coulter,
UK).

The 3 co-primary study outcomes were incident (newly diagnosed) CAD, T2D, and atrial
fibrillation. Outcomes were ascertained by the appearance of a qualifying /nternational
Classification of Diseases or procedure code (Supplementary Appendix) in the patient’s
medical record.

Statistical Analysis

Participants’ baseline characteristics were compared across depression categories using
analysis of variance or the Kruskal-Wallis test, as appropriate, for continuous variables,
and using the Pearson chi-squared test for categorical variables. Absolute incidence rates
and incidence rate differences across strata of frequency of depressed mood and polygenic
risk were calculated using the ‘fmsb’ package in R version 3.6.0 per 1,000 person-years of
follow-up time.

Multivariable Cox proportional hazard models were fitted to test the association of
frequency of depressed mood with each cardiometabolic disease outcome. Follow-up began
at study enrolment, and time to censoring was determined by the appearance of a qualifying
diagnosis in the participant’s medical record or the date of last follow-up. Participants

were excluded from each model for which they had an established diagnosis at baseline
(e.g., participants with prevalent CAD were excluded from models for incident CAD). The
proportional hazards assumption was verified using Schoenfeld residuals. Cox models for
each outcome were performed with two levels of covariate adjustment: Model 1: adjusted
for age, age?, sex, the first 20 principal components of ancestry, genotyping array, country
of UK Biobank enrolment (England, Scotland, or Wales), and the inverse-normalized
Townsend deprivation index; and Model 2: Model 1 plus smoking status, pack-years of
smoking, alcohol intake, vegetable and fresh fruit intake, days per week of moderate

and vigorous exercise, nightly sleep duration, systolic blood pressure, antihypertensive
mediation use, non-high-density lipoprotein cholesterol, cholesterol-lowering medication
use, antiplatelet medication use, antihyperglycemic medication use, prevalent T2D (models
for coronary artery disease and atrial fibrillation only), body-mass index, and log-
transformed C-reactive protein. Sensitivity analyses (1) probed possible reverse causation
by excluding individuals with any prevalent study outcome (CAD, T2D, and/or atrial
fibrillation) as well as ischemic stroke, peripheral artery disease, or heart failure at
baseline, (2) further adjusted for antidepressant use and excluded those taking antidepressant
medications, (3) tested associations between PHQ-2 score and outcomes, and (4) truncated
follow-up at December 31, 2019, to ensure observations were not influenced by the SARS-
CoV2 pandemic or associated lockdowns.
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We evaluated interactions between frequency of depressed mood, modelled as an ordinal
term (0, 1, 2), and polygenic risk as a continuous quantitative variable. To avoid residual
confounding, interactions terms were included between frequency of depressed mood and
each covariate. We further assessed interactions between frequency of depressed mood,
and sex-stratified models were performed for outcomes with significant sex*depression
interactions.

Given 3 outcomes studied, two-sided P <0.05/3 = 0.0167 was considered statistically
significant. Secondary analyses were considered supportive and hypothesis-generating at
P <0.05. Analyses were performed using R version 3.6.0 (R Foundation for Statistical
Computing).

Extended Data

360,468 unrelated, genotyped individuals with European ancestry
and self-reported mental health data

Excluded (n=32,316):

. Missing exercise data (n=25,129)

«  Missing vegetable and/or fresh fruit intake (n=3,703)

*  Missing socioeconomic status (n=392)

. Missing alcohol consumption (n=100)

. Missing sleep duration (n=761)

. Reported sleep duration <4 h or >11 h (n=1,238)

. Missing smoking status (n=770)

*  Already diagnosed with all study outcomes at
baseline (n=223)

328,152 individuals included in >1 analysis

diabetes risk

Extended Data Fig. 1. Creation of the study cohort.

Genotyped, unrelated European ancestry participants in the UK Biobank with complete
available data on self-reported frequency of depressed mood, socioeconomic status, sleep,

13,260 excluded 6,904 excluded 5,672 excluded
for prevalent for prevalent for prevalent
CAD type 2 diabetes atrial fibrillation
314,892 included in 321,248 included in 322,480 included in
incident CAD incident type 2 incident atrial
analysis diabetes analysis fibrillation analysis
60,849 at high 62,974 at high 63,414 at high
genetic CAD risk genetic type 2 genetic atrial

fibrillation risk

and health behaviors were included. CAD = coronary artery disease.
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Extended Data Fig. 2. Additive associations of frequency of depressed mood and polygenic risk
for incident coronary artery disease and type 2 diabetes mellitus.

Spline plots of crude cumulative incidence (right) were generated with the ‘ggplot2” package
in R version 3.6.0 using a cubic spline with 3 knots. The colored lines represent the modeled
cumulative incidence at each polygenic risk percentile, and the shaded bands represents the
modeled 95% confidence bands.
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Depression
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disease
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r T
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Multivariable-adjusted hazard ratio for incident

cardiometabolic disease

Extended Data Fig. 3. Reduction in cardiometabolic risk associated with lower frequency of
depressed mood among individuals at high polygenic risk.

Data are presented as hazard ratios (black squares) and 95% confidence intervals (error
bars). Multivariable-adjusted hazard ratios are calculated among 60,849 individuals without
prevalent coronary artery disease (2,510 with high, 11,305 with moderate, and 47,034

with low frequency of depressed mood); 62,974 individuals without prevalent type 2
diabetes (2,520 with high, 11,622 with moderate, and 48,832 with low frequency of
depressed mood); and 63,414 individuals without prevalent atrial fibrillation (2,573 with
high, 11,683 with moderate, and 49,158 with low frequency of depressed mood). Hazard
ratios (left) are adjusted for age, age?, sex, the first 20 principal components of ancestry,
genotyping array, country, socioeconomic deprivation, smoking status, pack-year smoking
history, alcohol intake, vegetable and fresh fruit intake, days per week of moderate and
vigorous exercise, sleep duration, systolic blood pressure, antihypertensive medication use,
non-HDL cholesterol, cholesterol-lowering medication use, antiplatelet medication use,
antihyperglycemic medication use, prevalent type 2 diabetes mellitus (models for coronary
artery disease and atrial fibrillation only), body-mass index, and C-reactive protein.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Absoluteincidenceratesfor (a) coronary artery disease, (b) type 2 diabetes mellitus,
and (c) atrial fibrillation by polygenic risk tier and frequency of depressed mood.

Data are presented as incidence rates (black squares) and 95% confidence intervals (error
bars). Two-sided P-values (unadjusted for multiple comparisons) are calculated from the
chi-squared statistic for the difference in incidence rates using the ‘fmsb’ package in R
version 3.6.0. Absolute crude incidence rates are calculated among individuals without each
condition at baseline and are reported per 1,000 person-years of follow-up.
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