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The supplemental data included the following information:
1. Supplementary Figure S1-S6
2. Supplementary Table S1-S5
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Figure S1. Manhattan plot of GWAS results for arrhythmia. Red line is significant level P < 5x10-8
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Figure S2. QQ plot of GWAS results for arrhythmia 
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Figure S3. Manhattan plot of GWAS results for major depressive disorder. Red line is significant level P < 5x10-8



[image: ]
Figure S4. QQ plot of GWAS results for major depressive disorder 
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Figure S5. Manhattan plot of GWAS results for bipolar disorder. Red line is significant level P < 5x10-8
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Figure S6. QQ plot of GWAS results for bipolar disorder 


Table S1. Definition of phenotypes
	No.
	Phenotypes
	Definition

	1
	Cardiovascular disease (CVD)
	In-patient records include the following diagnosis. Coronary heart disease ICD-10: I20, I21, I22, I23, I24, I25; Heart failure 
 ICD-10: I50; Cerebrovascular disease 
ICD-10: I60, I61, I62, I63, I64, I65, I66, I67, I68, I69.0, I69.1, I69.2, I69.3, I69.4, I69.8, G45, G46; Peripheral artery disease 
ICD-10: I71, I72, I74, I73.9, I70.21.

	2
	Arrhythmia
	In-patient records include the following diagnosis. Atrial Fibrillation/Flutter ICD-10: I48, I48.1, I48.2, I48.3, I48.4, I48.9; Ventricular Arrhythmias ICD-10: I47.0, I47.2, I49.0, I46.0, I46.1, I46.9; Bradyarrhythmia ICD-10: I44.0, I44.1, I44.2, I44.3, I44.5, I49.5

	3
	Mood disorder
	Either major depressive disorder or bipolar disorder.

	4
	Major depressive disorder (MDD)
	Single probable episode of major depression:
EITHER:
4598 Ever depressed/down for a whole week, plus
4609 At least two weeks duration, plus
4620 Only one episode, plus
2090 Ever seen a GP or 2100 a psychiatrist for nerves, anxiety, depression
OR:
4631 Ever anhedonic (unenthusiasm/uninterest) for a whole week, plus
5375 At least two weeks, plus
5386 Only one episode, plus
2090 Ever seen a GP or 2100 a psychiatrist for nerves, anxiety, depression
Probable recurrent major depression (moderate):
EITHER:
4598 Ever depressed/down for a whole week, plus
4609 At least two weeks duration, plus
4620 At least two episodes, plus
2090 Ever seen a GP (but not a psychiatrist) for nerves, anxiety, depression
OR:
4631 Ever anhedonic (unenthusiasm/uninterest) for a whole week, plus
5375 At least two weeks, plus
5386 At least two episodes, plus
2090 Ever seen a GP (but not a psychiatrist) for nerves, anxiety, depression
Probable recurrent major depression (severe):
EITHER:
4598 Ever depressed/down for a whole week, plus
4609 At least two weeks duration, plus
4620 At least two episodes, plus
2100 Ever seen a psychiatrist for nerves, anxiety, depression
OR:
4631 Ever anhedonic (unenthusiasm/uninterest) for a whole week, plus
5375 At least two weeks, plus
5386 At least two episodes, plus
2100 Ever seen a psychiatrist for nerves, anxiety, depression

	5
	Bipolar disorder 
	Probable bipolar disorder (type I):
Either: 4642 Ever manic/hyper 2 days or 4653 Ever irritable/argumentative for 2 days, plus
At least 3 from 6156.01 (more active), 6156.02 (more talkative), 6156.03 (needed less sleep), and 6156.04 (more creative/more ideas), plus
5663 Duration of a week or more, plus
5674 needed treatment or caused problems at work
Probable bipolar disorder (type II):
Either: 4642 Ever manic/hyper 2 days or 4653 Ever irritable/argumentative for 2 days, plus
At least 3 from 6156.01 (more active), 6156.02 (more talkative), 6156.03 (needed less sleep), and 6156.04 (more creative/more ideas), plus
5663 Duration of a week or more

	6
	Diabetes mellitus
	In-patient records include the following diagnosis. ICD-10: E08, E09, E10, E11, E13.

	7
	Hypertension 
	In-patient records include the following diagnosis. ICD-10: I10, I11.9, I13.10, I15.0, I15.1, I15.2, I15.8, I15.9, N26.2, I11, I12, I13.

	8
	Weight
	kg

	9
	Body mass index (BMI)
	weight (kg) / height (m2)

	10
	Body fat percentage
	%

	11
	Waist-hip ratio (WHR)
	cm

	12
	Cholesterol
	mg/dL

	13
	Triglycerides
	mg/dL

	14
	High-density lipoprotein (HDL)
	mg/dL

	15
	Low-density lipoprotein (LDL)
	mg/dL

	16
	Systolic blood pressure (SBP)
	mmHg

	17
	Diastolic blood pressure (DBP)
	mmHg






Table S2. Heritability
	Phenotype
	h2 SNP (S.E.)
	Lambda GC
	LDSC intercept (S.E.)
	Mean Chi-sq

	CVD
	0.0185 (0.0036)
	1.0988
	1.0472 (0.0065)
	1.1007

	Arrhythmia
	0.0177 (0.0043)
	1.0557
	1.0202 (0.0073)
	1.0736

	Mood disorder
	0.0190 (0.0038)
	1.0864
	1.0288 (0.0074)
	1.0877

	MDD
	0.0165 (0.0036)
	1.0772
	1.0272 (0.0074)
	1.0785

	Bipolar disorder
	0.0042 (0.0029)
	1.0165
	1.0028 (0.0060)
	1.0167

	Diabetes mellitus
	0.0270 (0.0042)
	1.0926
	1.0394 (0.0078)
	1.1185

	Hypertension 
	0.0551 (0.0055)
	1.1973
	1.0702 (0.0087)
	1.2269

	Weight
	0.2005 (0.0104)
	1.4817
	1.1131 (0.0118)
	1.6376

	BMI
	0.1908 (0.0094)
	1.4926
	1.1101 (0.0114)
	1.6215

	Body fat percentage
	0.1734 (0.0091)
	1.4709
	1.1292 (0.0111)
	1.5937

	WHR
	0.1126 (0.0073)
	1.3306
	1.0969 (0.0098)
	1.4119

	Total cholesterol
	0.0950 (0.0146)
	1.1683
	1.0585 (0.0109)
	1.3154

	Triglycerides
	0.1221 (0.0210)
	1.2168
	1.1058 (0.0114)
	1.4292

	HDL
	0.1610 (0.0212)
	1.3306
	1.1408 (0.0138)
	1.5609

	LDL
	0.0862 (0.0156)
	1.1491
	1.0560 (0.0113)
	1.2852

	SBP
	0.0989 (0.0070)
	1.2764
	1.0936 (0.0094)
	1.3678

	DBP
	0.1037 (0.0073)
	1.2899
	1.0803 (0.0093)
	1.3681


SNP, single nucleotide polymorphism; Lambda GC, genomic inflation factor; LDSC, linkage disequilibrium score; CVD, cardiovascular disease; MDD, major depressive disorder; BMI, body mass index; WHR, waist-hip ratio; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.


Table S3. Genetic correlations between arrhythmia, MDD and 12 cardiometabolic traits
	Phenotype
	Arrhythmia
	
	MDD

	
	rg
	S.E.
	P
	
	rg
	S.E.
	P

	Diabetes mellitus
	0.2785
	0.1213
	0.0217
	
	0.4945
	0.1564
	0.0016

	Hypertension
	0.3893
	0.0944
	
	
	0.4049
	0.1016
	

	Weight
	0.3912
	0.0677
	
	
	0.1255
	0.0657
	0.0561

	BMI
	0.2914
	0.0687
	
	
	0.2577
	0.0697
	0.0002

	Body fat percentage
	0.3262
	0.0722
	
	
	0.2031
	0.0716
	0.0046

	WHR
	0.3006
	0.0792
	0.0001
	
	0.2773
	0.0783
	0.0004

	Total cholesterol
	-0.1363
	0.0856
	0.1113
	
	0.0342
	0.0806
	0.6711

	Triglycerides
	0.1054
	0.0810
	0.1932
	
	0.2548
	0.0687
	0.0002

	HDL
	-0.2507
	0.0781
	0.0013
	
	-0.1978
	0.0756
	0.0089

	LDL
	-0.0760
	0.0927
	0.4124
	
	0.0576
	0.0858
	0.5025

	SBP
	0.1660
	0.0826
	0.0444
	
	-0.0294
	0.0771
	0.7029

	DBP
	0.1594
	0.0801
	0.0466
	
	0.0064
	0.0697
	0.9265


MDD, major depressive disorder; BMI, body mass index; WHR, waist-hip ratio; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.



Table S4. Comparison of the phenotypic definitions between the current study and the previous studies
	Author
	Trait 1
	Trait 2

	This study
	Mood disorder
· Either major depressive disorder or bipolar disorder by the touchscreen response questionnaire. The details are shown in Supplementary Table S1.
	Cardiovascular diseases
· Including coronary heart disease, heart failure, cerebrovascular disease, and peripheral artery disease by in-patient records of ICD-10 codes. The details are shown in Supplementary Table S1.

	Howard et al., 2018
	Broad depression
· From touchscreen questionnaire at recruitment: "Have you ever seen a GP/psychiatrist for nerves, anxiety, tension or depression?".
· From Hospital Episodes Data from UK bodies (English HES Data, Scottish Morbidity Register, Patient Episode Data). Any primary or secondary diagnosis of ICD-10 Codes for mood disorders (F32–Single Episode Depression, F33–Recurrent Depression, F34–Persistent mood disorders, F38–Other mood disorders and F39–Unspecified mood disorders)
	Coronary artery disease
· A meta-analysis of 48 GWAS of CAD of CARDIoGRAMplusC4D Consortium. (Nikpay et al., 2015) 
· Case status was defined by an inclusive diagnosis criterion of CAD (myocardial infarction, acute coronary syndrome, chronic stable angina or coronary stenosis of >50%).

	Howard et al., 2019
	Depression
· This study was collected summary statistics from UK Biobank, 23andMe, and the Psychiatric Genomics Consortium (PGC) MDD working group (PGC-MDD).
· (UK Biobank) From touchscreen questionnaire at recruitment:  "Have you ever seen a GP/psychiatrist for nerves, anxiety, tension or depression?" Exclusions were applied to participants who were identified with bipolar disorder, schizophrenia, or personality disorder using self-declared data following the approach of Smith, et al. as well as prescriptions for antipsychotic medications. (Smith et al., 2013)
· (23andMe) Phenotypic status was 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.
· (PGC) Clinically-derived (DSM-IV) phenotypes for MDD.
	Coronary artery disease
· A meta-analysis of 48 GWAS of CAD of CARDIoGRAMplusC4D Consortium. (Nikpay et al., 2015) 
· Case status was defined by an inclusive diagnosis criterion of CAD (myocardial infarction, acute coronary syndrome, chronic stable angina or coronary stenosis of >50%).

	Hagenaars et al., 2020
	Major depressive disorder
· This study was performed using data from the Psychiatric Genomics Consortium (PGC) MDD working group (PGC-MDD), Generation Scotland: The Scottish Family Health Study (GS:SFHS), and UK Biobank.
· (PGC-MDD) All cases were required to have a lifetime diagnosis of MDD based on international consensus criteria (DSM-IV, ICD-9, or ICD-10).
· (GS:SFHS) MDD diagnosis was based on the Structured Clinical Interview for DSM-IV disorders. Participants who answered positively to two mental health screening questions were invited to complete the full SCID to ascertain MDD diagnosis. Cases were further refined through NHS linkage.
· (UK Biobank) MDD cases were defined as individuals meeting lifetime criteria for MDD based on questions from the Composite International Diagnostic Interview. Individuals reporting previous self-reported diagnosis of schizophrenia (or other psychosis) or bipolar disorder were excluded as MDD cases.
	Coronary artery disease
· A meta-analysis of 48 GWAS of CAD of CARDIoGRAMplusC4D Consortium. (Nikpay et al., 2015) 
· Case status was defined by an inclusive diagnosis criterion of CAD (myocardial infarction, acute coronary syndrome, chronic stable angina or coronary stenosis of >50%).

	Li et al., 2022
	Broad depression
· A GWAS of broad depression (self-reported past help-seeking from general practitioners or psychiatrists for problems with “nerve, anxiety, tension or depression”) conducted in UK Biobank participants. (Howard et al., 2018)
	Myocardial infarction
· A meta-analysis of 48 GWAS of coronary artery diseases of CARDIoGRAMplusC4D Consortium. Sub-group analysis was done for subjects with reported history of myocardial infarction. (Nikpay et al., 2015)

	
	Depression
· A meta-analysis of three largest GWAS of depression from the three largest studies of different depression phenotypes, including self-reported clinical diagnosis or treatment of depression, self-reported diagnosis together with conventional methods like structured diagnostic interviews, and broad depression. (Howard et al., 2019) 
	Atrial fibrillation
· A meta-analysis of GWAS of atrial fibrillation from 6 studies: (Nielsen et al., 2018) The Nord-Trøndelag Health Study (HUNT), deCODE, the Michigan Genomics Initiative (MGI), DiscovEHR, UK Biobank, and the AFGen Consortium. Cases and controls are mainly defined by ICD codes.






Table S5. Comparison of lambda and LDSC intercepts between the current study and previous studies
	Author
	Trait 1
	
	Trait 2
	rg
(S.E.)

	
	Trait
	Lambda GC
	LDSC intercept
(S.E.)
	
	Trait
	Lambda GC
	LDSC intercept
(S.E.)
	

	This study


	MD
	1.0864
	1.0288
(0.0074)
	
	CVD
	1.0988
	1.0472 (0.0065)
	0.5519 (0.1482)

	Howard et al., 2018

	BD
	1.3238
	1.0079
(0.0078)
	
	CAD
	–
	0.8881 
(0.0094)
	0.1236
(0.0288)

	Howard et al., 2019

	Depression
	1.63
	1.015 
(0.011)
	
	CAD
	–
	0.8881 
(0.0094)
	0.1328
(0.0244)

	Hagenaars et al., 2020

	MDD
	–
	1.0096 
(0.0094)
	
	CAD
	–
	0.8881 
(0.0094)
	0.121 
(0.03)

	Li et al., 2022
	BD
	1.3238
	1.0079
(0.0078)
	
	MI
	–
	–
	0.1231 (0.0324)

	
	BD
	1.3238
	1.0079
(0.0078)
	
	AF
	–
	–
	0.1258 (0.0272)

	
	Depression
	1.63
	1.015 
(0.011)
	
	MI
	–
	–
	0.1688 (0.0294)

	
	Depression
	1.63
	1.015 
(0.011)
	
	AF
	–
	–
	0.1124 (0.0251)


MD, mood disorder; BD, broad depression; MDD, major depressive disorder; CVD, cardiovascular disease; CAD, coronary artery disease; MI, Myocardial infarction; AF, atrial fibrillation
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