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1. Study definitions for phenotyping of cases and controls
The primary GWAS phenotype of DCM required the presence of LV systolic dysfunction
(LVSD) in the absence of coronary artery disease, valvular heart disease, or congenital heart
disease (see below). Participants without heart failure, coronary artery disease, valvular heart
disease, or congenital heart disease were selected as controls.
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A stricter DCM diagnosis was used for sensitivity analysis and required a clinical diagnosis of
DCM based on clinical guidelines, or documented ICD-10 code (142.0) in the absence of
coronary artery, valvular heart disease, or congenital heart disease codes (see below).

LVSD:

e LVEF <50% on cardiac imaging

e Manually adjudicated diagnosis of heart failure with reduced ejection fraction (HFrEF),
heart failure with mid-range ejection fraction HFmrEF, systolic heart failure, DCM,
permanent pacemaker implantation, arrhythmogenic cardiomyopathy, inflammatory
cardiomyopathy and chemotherapy-related cardiomyopathy.

e >1 occurrence of the following codes:

Source Code Description

ICD10 142.0 Dilated cardiomyopathy (Congestive cardiomyopathy)
ICD10 142.6 Alcoholic cardiomyopathy

ICD10 142.7 Cardiomyopathy due to drug and external agent
ICD10 125.5 Ischaemic cardiomyopathy

ICD10 150.2 Systolic (congestive) heart failure

ICD10 090.3 Cardiomyopathy in the puerperium

ICD9 428.2 Systolic heart failure

ICD9 674.5 Peripartum cardiomyopathy

ICD9 425.5 Alcoholic cardiomyopathy

ICD9 425.9 Secondary cardiomyopathy, unspecified

OPCS4 K61.7 Cardiac resynchronisation device

CPT4 33224 Insertion of pacing electrode, cardiac venous system, for left ventricular pacing, with attachment

to previously placed pacemaker or implantable defibrillator pulse generator
(including revision of pocket, removal, insertion, and/or replacement of existing generator)

CPT4 33225 Insertion of pacing electrode, cardiac venous system, for left ventricular pacing, at time of insertion

of implantable defibrillator or pacemaker pulse generator (e.g., for upgrade to dual chamber
system) (List separately in addition to code for primary procedure)
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CPT4 33226 Repositioning of previously implanted cardiac venous system (left ventricular) electrode (including
removal, insertion and/or replacement of existing generator)

Coronary artery disease (CAD), valvular heart disease (VHD) or congenital heart
disease (CHD):

¢ Manually adjudicated diagnosis of myocardial infarction or revascularization.

e Severe primary valve disease defined by a relevant surgical or percutaneous valve
procedure.

¢ Any congenital malformation of the heart or great vessels defined by diagnosis or
relevant surgical or percutaneous procedure.

¢ Any rheumatic heart valve disease defined by diagnosis.

e >1 occurrence of the following codes:

Source Code Description Phenotype
class
ICD10 121.* Acute myocardial infarction CAD
ICD10 122.* Subsequent myocardial infarction CAD
ICD10 123.* Certain current complications following acute myocardial infarction CAD
ICD10 124 1 Dressler's syndrome CAD
ICD10 125.2 Old myocardial infarction CAD
ICD10 125.5 Ischaemic cardiomyopathy CAD
ICD10 125.6 Silent myocardial ischaemia CAD
ICD10 745.* Bulbus cordis anomalies and anomalies of cardiac septal closure CHD
ICD10 Q20.*  Congenital malformations of cardiac chambers and connections CHD
ICD10 Q21.*  Congenital malformations of cardiac septa CHD
ICD10 Q22.*  Congenital malformations of pulmonary and tricuspid valves CHD
ICD10 Q23.*  Congenital malformations of aortic and mitral valves CHD
ICD10 Q24.*  Other congenital malformations of heart CHD
ICD10 Q25.*  Congenital malformations of great arteries CHD
ICD10 Q26.*  Congenital malformations of great veins CHD
ICD10 746.* Other congenital anomalies of heart VHD
ICD10 105.* Rheumatic mitral valve diseases VHD
ICD10 106.* Rheumatic aortic valve diseases VHD
ICD10 107.* Rheumatic tricuspid valve diseases VHD
ICD9 410.* Myocardial infarction CAD
ICD9 412.* Old myocardial infarction CAD
ICD9 394.* Diseases of mitral valve VHD
ICD9 395.* Diseases of aortic valve VHD
ICD9 396.* Diseases of mitral and aortic valves VHD
ICD9 397.* Diseases of other endocardial structures VHD
OPCS4 K40.*  Saphenous vein graft replacement of coronary artery CAD
OPCS4 K41.*  Other autograft replacement of coronary artery CAD
OPCS4 K42.*  Allograft replacement of coronary artery CAD
OPCS4 K43.* Prosthetic replacement of coronary artery CAD
OPCS4 K44.*  Other replacement of coronary artery CAD
OPCS4 K45.*  Connection of thoracic artery to coronary artery CAD
OPCS4 K46.*  Other bypass of coronary artery CAD
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33533

33533

33534

33534

33535

33535

33536

33536

92920

92920

92921

92921

92924

Repair of coronary artery

Other open operations on coronary artery

Transluminal balloon angioplasty of coronary artery

Other therapeutic translu

Percutaneous transluminal balloon angioplasty and insertion of stent into coronary artery

minal operations on coronary artery

Plastic repair of mitral valve

Plastic repair of aortic valve

Plastic repair of tricuspid

valve

Plastic repair of pulmonary valve

Plastic repair of unspecifi

Revision of plastic repair

ed valve of heart

of valve of heart

Open incision of valve of heart

Closed incision of valve of heart

Other open operations on valve of heart

Excision of valve of heart

Removal of obstruction from structure adjacent to valve of heart

Other operations on structure adjacent to valve of heart

Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass
Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass,

Coronary artery bypass,

Reoperation, coronary artery bypass procedure or valve procedure, more than 1 month after

vein only; single coronary venous graft

vein only; single coronary venous graft

, vein only; 2 coronary venous grafts

vein only; 2 coronary venous grafts
vein only; 3 coronary venous grafts
vein only; 3 coronary venous grafts
vein only; 4 coronary venous grafts

vein only; 4 coronary venous grafts

original operation (List separately in addition to code for primary procedure)

Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass
Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass,
Coronary artery bypass,
Percutaneous translumin

Percutaneous translumin

using arterial graft(s); single arterial graft

using arterial graft(s); single arterial graft

, using arterial graft(s); 2 coronary arterial grafts

using arterial graft(s); 2 coronary arterial grafts

using arterial graft(s); 3 coronary arterial grafts

using arterial graft(s); 3 coronary arterial grafts

using arterial graft(s); 4 or more coronary arterial grafts

using arterial graft(s); 4 or more coronary arterial grafts

al coronary angioplasty; single major coronary artery or branch

al coronary angioplasty; single major coronary artery or branch
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CAD
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CAD

CAD

Percutaneous transluminal coronary angioplasty; each additional branch of a major coronary CAD

artery

Percutaneous transluminal coronary angioplasty; each additional branch of a major coronary CAD

artery

Percutaneous transluminal

performed; single major coronary artery or branch
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92928
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92933

92933

92934

92934

92937

92937

92938

92938

92941

92941

92943

92943

92944

92944

Percutaneous transluminal coronary atherectomy, with coronary angioplasty when CAD
performed; single major coronary artery or branch

Percutaneous transluminal coronary atherectomy, with coronary angioplasty when CAD
performed; each additional branch of a major coronary artery

Percutaneous transluminal coronary atherectomy, with coronary angioplasty when CAD
performed; each additional branch of a major coronary artery

Percutaneous transcatheter placement of intracoronary stent(s), with coronary angioplasty CAD
when performed; single major coronary artery or branch

Percutaneous transcatheter placement of intracoronary stent(s), with coronary angioplasty CAD
when performed; single major coronary artery or branch

Percutaneous transcatheter placement of intracoronary stent(s), with coronary angioplasty CAD
when performed; each additional branch of a major coronary artery

Percutaneous transcatheter placement of intracoronary stent(s), with coronary angioplasty CAD
when performed; each additional branch of a major coronary artery

Percutaneous transluminal coronary atherectomy, with intracoronary stent, with coronary CAD
angioplasty when performed; single major coronary artery or branch

Percutaneous transluminal coronary atherectomy, with intracoronary stent, with coronary CAD
angioplasty when performed; single major coronary artery or branch

Percutaneous transluminal coronary atherectomy, with intracoronary stent, with coronary CAD
angioplasty when performed; each additional branch of a major coronary artery

Percutaneous transluminal coronary atherectomy, with intracoronary stent, with coronary CAD
angioplasty when performed; each additional branch of a major coronary artery

Percutaneous transluminal revascularization of or through coronary artery bypass graft CAD
(internal mammary, free arterial, venous), any combination of intracoronary stent,
atherectomy and angioplasty, including distal protection when performed; single vessel

Percutaneous transluminal revascularization of or through coronary artery bypass graft CAD
(internal mammary, free arterial, venous), any combination of intracoronary stent,
atherectomy and angioplasty, including distal protection when performed; single vessel

Percutaneous transluminal revascularization of or through coronary artery bypass graft CAD
(internal mammary, free arterial, venous), any combination of intracoronary stent,
atherectomy and angioplasty, including distal protection when performed; each additional
branch subtended by the bypass graft

Percutaneous transluminal revascularization of or through coronary artery bypass graft CAD
(internal mammary, free arterial, venous), any combination of intracoronary stent,
atherectomy and angioplasty, including distal protection when performed; each additional
branch subtended by the bypass graft

Percutaneous transluminal revascularization of acute total/subtotal occlusion during acute CAD
myocardial infarction, coronary artery or coronary artery bypass graft, any combination of
intracoronary stent, atherectomy and angioplasty, including aspiration thrombectomy when
performed, single vessel

Percutaneous transluminal revascularization of acute total/subtotal occlusion during acute CAD
myocardial infarction, coronary artery or coronary artery bypass graft, any combination of
intracoronary stent, atherectomy and angioplasty, including aspiration thrombectomy when
performed, single vessel

Percutaneous transluminal revascularization of chronic total occlusion, coronary artery, CAD
coronary artery branch, or coronary artery bypass graft, any combination of intracoronary
stent, atherectomy and angioplasty; single vessel

Percutaneous transluminal revascularization of chronic total occlusion, coronary artery, CAD
coronary artery branch, or coronary artery bypass graft, any combination of intracoronary
stent, atherectomy and angioplasty; single vessel

Percutaneous transluminal revascularization of chronic total occlusion, coronary artery, CAD
coronary artery branch, or coronary artery bypass graft, any combination of intracoronary
stent, atherectomy and angioplasty; each additional coronary artery, coronary artery branch,

or bypass graft

Percutaneous transluminal revascularization of chronic total occlusion, coronary artery, CAD
coronary artery branch, or coronary artery bypass graft, any combination of intracoronary
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92975
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33608

33610

33611

33612

33615

33617

33619
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33675
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33710
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33722

stent, atherectomy and angioplasty; each additional coronary artery, coronary artery branch,
or bypass graft

Percutaneous transluminal coronary thrombectomy, mechanical* CAD
Percutaneous transluminal coronary thrombectomy, mechanical* CAD
Thrombolysis, coronary; by intracoronary infusion, including selective coronary angiography CAD
Thrombolysis, coronary; by intracoronary infusion, including selective coronary angiography CAD

Repair of complex cardiac anomaly other than pulmonary atresia with ventricular septal defect CHD
by construction or replacement of conduit from right or left ventricle to pulmonary artery

Repair of complex cardiac anomalies (eg, single ventricle with subaortic obstruction) by CHD
surgical enlargement of ventricular septal defect

Repair of double outlet right ventricle with intraventricular tunnel repair; CHD

Repair of double outlet right ventricle with intraventricular tunnel repair; with repair of right CHD
ventricular outflow tract obstruction

Repair of complex cardiac anomalies (eg, tricuspid atresia) by closure of atrial septal defect CHD
and anastomosis of atria or vena cava to pulmonary artery (simple Fontan procedure)

Repair of complex cardiac anomalies (e.g., single ventricle by modified Fontan) CHD

Repair of single ventricle with aortic outflow obstruction and aortic arch hypoplasia CHD
(hypoplastic left heart syndrome) (eg, Norwood procedure)

Repair atrial septal defect, secundum, with cardiopulmonary bypass, with or without patch CHD

Direct or patch closure, sinus venosus, with or without anomalous pulmonary venous CHD
drainage

Repair of atrial septal defect and ventricular septal defect, with direct or patch closure CHD

Repair of incomplete or partial atrioventricular canal (ostium primum atrial septal defect), with CHD
or without atrioventricular valve repair

Repair of intermediate or transitional atrioventricular canal, with or without atrioventricular CHD
valve repair

Repair of complete atrioventricular canal, with or without prosthetic valve CHD
Closure of multiple ventricular septal defects; CHD

Closure of multiple ventricular septal defects; with pulmonary valvotomy or infundibular CHD
resection (acyanotic)

Closure of multiple ventricular septal defects; with removal of pulmonary artery band, with or  CHD
without gusset

Closure of single ventricular septal defect, with or without patch; CHD

Closure of single ventricular septal defect, with or without patch; with pulmonary valvotomy CHD
or infundibular resection (acyanotic)

Closure of single ventricular septal defect, with or without patch; with removal of pulmonary CHD
artery band, with or without gusset

Complete repair tetralogy of Fallot without pulmonary atresia; CHD
Complete repair tetralogy of Fallot without pulmonary atresia; with transannular patch CHD

Complete repair tetralogy of Fallot with pulmonary atresia including construction of conduit CHD
from right ventricle to pulmonary artery and closure of ventricular septal defect

Repair sinus of Valsalva fistula, with cardiopulmonary bypass; CHD

Repair sinus of Valsalva fistula, with cardiopulmonary bypass; with repair of ventricular septal CHD
defect

Repair sinus of Valsalva aneurysm, with cardiopulmonary bypass CHD

Closure of aortico-left ventricular tunnel CHD
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33732

33735

33736

33737

33770

33774

33776

33780

33782

33783

33786

33813

33814

33920

33361

33362

33363

33364

33365

33366

33367

33368

33369

33390

33391

33400

33401

Repair of cor triatriatum or supravalvular mitral ring by resection of left atrial membrane CHD

Atrial septectomy or septostomy; closed heart (Blalock-Hanlon type operation) CHD
Atrial septectomy or septostomy; open heart with cardiopulmonary bypass CHD
Atrial septectomy or septostomy; open heart, with inflow occlusion CHD

Repair of transposition of the great arteries with ventricular septal defect and subpulmonary CHD
stenosis; without surgical enlargement of ventricular septal defect

Repair of transposition of the great arteries, atrial baffle procedure (eg, Mustard or Senning CHD
type) with cardiopulmonary bypass;

Repair of transposition of the great arteries, atrial baffle procedure (eg, Mustard or Senning CHD
type) with cardiopulmonary bypass; with closure of ventricular septal defect

Repair of transposition of the great arteries, aortic pulmonary artery reconstruction (eg, CHD
Jatene type); with closure of ventricular septal defect

Aortic root translocation with ventricular septal defect and pulmonary stenosis repair (ie, CHD
Nikaidoh procedure); without coronary ostium reimplantation

Aortic root translocation with ventricular septal defect and pulmonary stenosis repair (ie, CHD
Nikaidoh procedure); with reimplantation of 1 or both coronary ostia

Total repair, truncus arteriosus (Rastelli type operation) CHD
Obliteration of aortopulmonary septal defect; without cardiopulmonary bypass CHD
Obliteration of aortopulmonary septal defect; with cardiopulmonary bypass CHD

Repair of pulmonary atresia with ventricular septal defect, by construction or replacement of CHD
conduit from right or left ventricle to pulmonary artery

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; percutaneous VHD
femoral artery approach

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; open femoral VHD
artery approach

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; open axillary VHD
artery approach

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; open iliac artery VHD
approach

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; transaortic VHD
approach (e.g., median sternotomy, mediastinotomy)

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; transapical VHD
exposure
(e.g., left thoracotomy)

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; cardiopulmonary VHD
bypass support with percutaneous peripheral arterial and venous cannulation (e.g., femoral
vessels) (List separately in addition to code for primary procedure)

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; cardiopulmonary VHD
bypass support with open peripheral arterial and venous cannulation (e.g., femoral, iliac,
axillary vessels) (List separately in addition to code for primary procedure)

Transcatheter aortic valve replacement (TAVR/TAVI) with prosthetic valve; cardiopulmonary VHD
bypass support with central arterial and venous cannulation (e.g., aorta, right atrium,
pulmonary artery) (List separately in addition to code for primary procedure)

Valvuloplasty, aortic valve, open, with cardiopulmonary bypass; simple (ie, valvotomy, VHD
debridement, debulking and/or simple commissural resuspension)

Valvuloplasty, aortic valve, open, with cardiopulmonary bypass; complex (eg, leaflet VHD
extension, leaflet resection, leaflet reconstruction or annuloplasty)

Aortic valvuloplasty VHD

Open valvuloplasty of aortic valve with inflow occlusion VHD
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33403

33404

33405

33406

33410

33411

33412

33413

33415

33418

33419

33420

33422

33425

33426

33427

33430

33440

33460

33463

33464

33465

33468

33470

33471

33472

33474

33475

33476

33477

33496

33600

33602

92986

Valvuloplasty, aortic valve; using transventricular dilation, with cardiopulmonary bypass VHD
LV—aorta conduit VHD

Replacement, aortic valve, with cardiopulmonary bypass; with prosthetic valve other than VHD
homograft or stentless valve

Replacement, aortic valve, with cardiopulmonary bypass; with allograft valve (freehand) VHD
Replacement, aortic valve, with cardiopulmonary bypass; with stentless tissue valve VHD
Replacement, aortic valve; with aortic annulus enlargement, noncoronary sinus VHD

Replacement, aortic valve; with transventricular aortic annulus enlargement (Konno VHD
procedure)

Replacement, aortic valve; by translocation of autologous pulmonary valve with allograft VHD
replacement of pulmonary valve (Ross procedure)

Resection or incision of subvalvular tissue for discrete subvalvular aortic stenosis VHD
Transcatheter mitral valve repair, percutaneous approach, including transseptal VHD
Transcatheter mitral valve repair, percutaneous approach, including transseptal puncture VHD

when performed; additional prosthesis(es) during same session (List separately in addition to
code for primary procedure)

Valvotomy, mitral valve; closed heart VHD
Valvotomy, mitral valve; open heart, with cardiopulmonary bypass VHD
Valvuloplasty, mitral valve, with cardiopulmonary bypass VHD
Valvuloplasty, mitral valve, with cardiopulmonary bypass; with prosthetic ring VHD

Valvuloplasty, mitral valve, with cardiopulmonary bypass; radical reconstruction, with or VHD
without ring

Replacement, mitral valve, with cardiopulmonary bypass VHD
Replacement of aortic valve by translocation of autologous pulmonary valve and VHD

transventricular aortic annulus enlargement of left ventricular outflow tract with valved conduit
replacement of pulmonary valve

Valvectomy, tricuspid valve, with cardiopulmonary bypass VHD
Valvuloplasty, tricuspid valve; without ring insertion VHD
Valvuloplasty, tricuspid valve; with ring insertion VHD
Replacement, tricuspid valve, with cardiopulmonary bypass VHD
Tricuspid valve repositioning and plication for Ebstein anomaly VHD
Valvotomy, pulmonary valve, closed heart; transventricular VHD
Valvotomy, pulmonary valve, closed heart; via pulmonary artery VHD
Incision of valve at right lower heart chamber, open procedure VHD
Valvotomy, pulmonary valve, open heart, with cardiopulmonary bypass VHD
Replacement, pulmonary valve VHD
Right ventricular resection for infundibular stenosis, with or without commissurotomy VHD

Transcatheter pulmonary valve implantation, percutaneous approach, including prestenting VHD
of the valve delivery site, when performed

Repair of non-structural prosthetic valve dysfunction with cardiopulmonary bypass (separate VHD
procedure)

Closure of atrioventricular valve (mitral or tricuspid) by suture or patch VHD
Closure of semilunar valve (aortic or pulmonary) by suture or patch VHD
Percutaneous balloon valvuloplasty; aortic valve VHD
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CPT4

CPT4
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92987

92990

93355

93590

93592

0256T

0257T

0262T

0318T

0343T

0345T

0483T

0484T

Percutaneous balloon valvuloplasty; mitral valve VHD
Percutaneous balloon valvuloplasty; pulmonary valve VHD
Echocardiography, transesophageal (TEE) for guidance of a transcatheter intracardiac or VHD
great vessel(s) structural intervention(s) (eg, TAVR, transcatheter pulmonary valve
replacement, mitral valve repair, paravalvular regurgitation repair, left atrial ap

Percutaneous transcatheter closure of paravalvular leak; initial occlusion device, mitral valve VHD

Percutaneous transcatheter closure of paravalvular leak; each additional occlusion device VHD
(List separately in addition to code for primary procedure)

Implantation of catheter-delivered prosthetic aortic heart valve; endovascular approach VHD

Implantation of catheter-delivered prosthetic aortic heart valve; open thoracic approach (eg, VHD
transapical, transventricular)

Implantation of catheter-delivered prosthetic pulmonary valve, endovascular approach VHD

Implantation of catheter-delivered prosthetic aortic heart valve, open thoracic approach, (eg, VHD
transapical, other than transaortic)

Transcatheter mitral valve repair percutaneous approach including transseptal puncture VHD
when performed; initial prosthesis

Transcatheter mitral valve repair percutaneous approach via the coronary sinus VHD

Transcatheter mitral valve implantation/replacement (TMVI) with prosthetic valve; VHD
percutaneous approach, including transseptal puncture, when performed

Transcatheter mitral valve implantation/replacement (TMVI) with prosthetic valve; VHD
transthoracic exposure (e.g., thoracotomy, transapical)



2. Individual study cohort descriptions and ethics approvals

Full details on individual study genotyping is reported in the HERMES 2.0 study.
Bio-SHiFT-TRIUMPH'2 and Deotinchem Cohort Study

Bio-SHIiFT (Serial Biomarker Measurements and New Echocardiographic Techniques in
chronic Heart Failure Patients Result in Tailored Prediction of Prognosis) is a prospective,
observational study of stable patients with chronic heart failure (CHF). The study was
conducted in Erasmus MC, Rotterdam, the Netherlands, and Noordwest Ziekenhuisgroep,
Alkmaar, the Netherlands. Patients were recruited during their regular outpatient visits and
were in clinically stable condition. Patients were eligible if aged =218 years and CHF was
diagnosed =3 months ago according to the guidelines of the European Society of Cardiology.
Both patients suffering from HF with reduced ejection fraction and HF with preserved ejection
fraction were included. This study was approved by the medical ethics committee of the
Erasmus MC, Rotterdam, the Netherlands, and was conducted in accordance with the
Declaration of Helsinki. Written informed consent was obtained from all patients. The study is
registered in ClinicalTrials.gov, number NCT01851538.
TRIUMPH (TRanslational Initiative on Unique and novel strategies for Management of
Patients with Heart failure, NTR1893), is an observational prospective study of patients
admitted with acute HF in 14 hospitals in the Netherlands between September 2009 and
December 2013. Patients were eligible if aged 218 years and if they were hospitalized with
decompensation of known chronic HF or newly diagnosed HF. The three other inclusion
criteria were: 1) natriuretic peptide levels =3 times higher than the upper limit of normal; 2)
evidence of sustained systolic or diastolic left ventricular dysfunction; and 3) treatment with
intravenous diuretics. Patients with HF that was precipitated by a noncardiac condition, by
severe valvular dysfunction without sustained left ventricular dysfunction, or by an acute ST-
segment elevation myocardial infarction were excluded. Furthermore, patients scheduled for
a coronary revascularization procedure, on a waiting list for heart transplantation, with severe
renal failure for which dialysis was needed, or with a coexisting condition with a life expectancy
<1 year could not participate. The study was approved by the medical ethics committees of all
participating centers. All study participants provided written informed consent.

The Doetinchem Cohort Study is an ongoing prospective study in which participants are re-
examined every 5 years. A general population sample of 7,769 males and females aged 20 to
59 years was examined in 1987-91 (first round) in Doetinchem, a town in the eastern part of
the Netherlands and re-examined in a second (1993-1997), third (1998-2002), fourth (2003-
2007), fifth (2008-2012), and sixth round (2013-2017). This study was approved according to
the guidelines of the Helsinki Declaration by the external Medical Ethics Committee of the
Netherlands Organization for Applied Scientific Research (first four rounds) and the Medical
Ethics Committee of the University of Utrecht (later rounds). All participants provided written
informed consent.

BioVU

The BioVU cohort consisted of patients at Vanderbilt University Medical Center who have
consented to be a part of the program. Study cohort was derived from EHR data available via
VUMC's Synthetic Derivative using the phenotype classifier described in the HERMES
Consortium analysis plan. The Synthetic Derivative is the de-identified version of the VUMC
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EHR and similar to BioVU, contains DNA and genotype data from clinical blood samples that
would otherwise be discarded. The Synthetic Derivative can be used in conjunction with BioVU
to identify record sets for genome-phenome analysis. All patients gave signed informed
consent for use of blood specimens. BioVU is overseen and approved by the VUMC
Institutional Review Board.

The Copenhagen Hospital Biobank Cardiovascular Study and The Danish Blood Donor

Study (CHB)®

This study is part of the study: "Genetics of cardiovascular disease” — a genome-wide
association study on repository samples from Copenhagen Hospital Biobank - the CHB-CVS
study. CHB has previously been described. CHB-CVS is a genetic study on patients from CHB
with cardiovascular disease identified through the Danish National Patient Registry (NPR).
CHB-CVS is approved by the National Committee on Health Research Ethics (NVC 1708829)
and the Danish Data Protection Agency (P-2019-93). DBDS is a prospective cohort and
biobank study on general health among blood donors. The DBDS has previously been
described in detail. The genetic studies within DBDS were approved by the National
Committee on Health Research Ethics (NVC 1700407) and the Data Protection Agency (P-
2019-99). Cases and controls from CHB-CVS and DBDS were defined as per HERMES
analysis plan using ICD-10 codes extracted from the NPR and analyzed collectively.

DCM-Garnier*

The GWAS by Garnier et al. consisted of 2,719 DCM cases and 4,440 controls in the discovery
cohort, recruited from France (DCM samples : CARDIGENE [n=408], EUROGENE [n=84],
and PHRC [n=204]; controls: PP3S study [n=1,084]), Germany (DCM samples : German Heart
Institute Berlin cohort [n=987], and EUROGENE study [n=214]; Controls: KORA F4 study
[n=3,264]), and ltaly (DCM samples : EUROGENE [n=82]; Controls: EUROGENE study
[n=92]). The study protocol was approved by local ethics committees, complied with the
Declaration of Helsinki, and all patients signed informed consent. Full details are supplied in
ref 4.

deCODE Heart Failure Study

The deCODE Icelandic heart failure (HF) sample set included patients diagnosed with HF at
Landspitali — The National University Hospital (LUH) in Reykjavik and the Primary Health Care
Clinics of the Reykjavik capital region, following ICD-9 and ICD-10 codes for heart failure, as
described in this manuscript. Information on exclusion criteria and comorbities comes from the
same sources. The controls included population controls from the Icelandic genealogical
database and individuals recruited through different genetic studies at deCODE genetics.
Individuals of non-Icelandic origin were excluded from the study. The study was approved by
the Data Protection Authority of Iceland and the National Bioethics Committee of Iceland
(Approvals No. VSNb2015080003-03.01 and VSNb2015030022-03.01 with amendments). All
participants donating samples signed informed consents.

DiscovEHR

DiscovEHR is a collaboration between Geisinger and the Regeneron Genetics Center. The
population is derived from patients who have previously consented to participate in the
Geisinger MyCode Community Health Initiative. MyCode is an IRB-approved research study,
and all participants have provided informed consent for broad use of samples for research.
Participants are broadly recruited to MyCode from both primary and specialty care clinics
across the Geisinger system. Exome sequencing and genome-wide genotyping of samples
are performed by Regeneron, and genomic data are linked with Geisinger’s long-standing
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electronic health record, comprising both inpatient and outpatient records. At the time of this
study, data for 144,204 patients were available for analysis. This work was supported by the
Regeneron Genetics Center and Geisinger. The Geisinger-MyCode initiative and the
DiscovEHR study were approved by the Geissinger Institutional Review Board (2006-0528).

Estonian Biobank (EstBiobank)®

The Estonian Biobank (EstBiobank) is a population-based biobank with over 200,000
participants. All biobank participants have signed a broad informed consent form. All
EstBiobank participants have been genotyped at the Core Genotyping Lab of the Institute of
Genomics, University of Tartu. Phenotypes for the present analysis were defined according to
HERMES 2.0 analysis plan, using electronic health records (EHRs) available to EstBiobank.
Individuals were phenotyped according to 109 separate ICD-10 diagnosis codes (EHRs from
Estonian Health Insurance Fund, epicrises and local hospitals) and/or drug prescriptions
based on two separate ATC codes (data from Estonian Health Insurance Fund and self-
reported by biobank participants). Information on ICD codes is obtained via regular linking with
the national Health Insurance Fund and other relevant databases. Research was conducted
in accordance with good ethical standards and was approved by the Estonian Committee of
Bioethics and Human Research (1.1-12/1020).

The 100,000 Genomes Project (Gel)

The 100,000 Genomes Project (GelL ) is a national UK programme that recruited probands with
rare diseases and cancer from clinical centres, together with family members, and performed
germline and somatic (for a subset of participants with cancer) whole genome sequencing®’.
DCM cases were identified from HPO terms at time of study recruitment, and ICD codes from
preceding and subsequent clinical episodes. The 100,000 Genomes Project was reviewed by
the National Research Ethics Service (14/EE/1112 and 13/EE/032).

The Genetics of Diabetes Audit and Research Tayside Scotland (GoDARTS)®

GoDARTS is a cohort study of 18,306 participants, 10,149 with type 2 diabetes and 8,157
healthy controls at baseline recruited from 1996 to 2009 in Tayside, Scotland. Genetic data
are available for 8,564 T2D cases and 4,586 controls. Overall, 53.33% of the cohort are male.
The majority of the cohort are Caucasian (99.70%) and the median age at recruitment was 64
years. Patients consented to electronic health record linkage to allow follow-up on mortality,
hospitalisations and investigations including echocardiography. The GoDARTS study was
approved by the Tayside Committee for Medical Research Ethics.

Myocardial Applied Genomics Network (MAGNet)

MAGNet is a collaborative group of investigators based at Perelman School of Medicine,
University of Pennsylvania who use genomic approaches to understand human myocardial
disease (http://www.med.upenn.edu/magnet/, NHLBI grant number 1R01HL105993-01A1).
The present analysis includes a case-control GWAS comparing a subset of patients with
prevalent heart failure referred for evaluation and treatment at a heart failure specialty centre
at a local institution. Prevalent heart failure was identified by a heart failure cardiologist based
on clinical evaluation and cardiac imaging.

The Mass General Brigham Biobank (MGB)

The Mass General Brigham (formerly “Partners Healthcare”) Biobank is a large research data
and sample repository comprising more than 100,000 participants that is embedded within the
framework of Mass General Brigham Personalized Medicine. Participants are prospectively
enrolled in the context of outpatient visits, inpatient stays, and emergency department
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encounters. The Biobank contains banked samples (plasma, serum, DNA and buffy coats),
genomic data, and other health information, including data from the electronic health record
(EHR) at hospitals affiliated with the Mass General Brigham Healthcare system — primarily the
Massachusetts General Hospital and the Brigham and Women’s Hospital in Boston, MA.
Array- based genotyping was performed using either the lllumina Multi-Ethnic Genotyping
Array, Expanded Multi-Ethnic Genotyping Array, or the Multi-Ethnic Global BeadChip Array
(NMlumina, Inc., San Diego, CA). The present study included the first 25,784 genotyped
participants of European genetic ancestry from the Mass General Brigham Biobank with
relevant clinical data available. The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Mass General Brigham (protocol
code 2009-P-002312).

Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS)®

The PIVUS study, initiated in 2002, is a community-based prospective cohort comprising
1016 randomly selected men and women aged 70 years in Uppsala county. Subjects were
re-investigated at age 75 and age 80 years. The PIVUS-study is unique in its detailed
characterization of vascular and cardiac function and morphology. The cohort is also well
characterized with regards to genomics, epigenomics, proteomics and metabolomics. Ten
year follow-up data on cardiovascular events and mortality is available. The study was
approved by the Ethics Committee of the University of Uppsala and the participants gave
informed consent.

The Royal Brompton and Harefield Hospital, UK (RBH)"®

The Royal Brompton & Harefield Hospitals, UK are tertiary national cardiomyopathy referral
centers. Participants with dilated cardiomyopathy were diagnosed using national and
international clinical guidelines, with advanced cardiac imaging in all cases, and were recruited
into the Royal Brompton & Harefield Hospitals Cardiovascular Research Biobank'' (RBH).
The Royal Brompton Biobank was reviewed and approved by the South Central — Hampshire
B Research Ethics Committee (09/H0504/104+5 and 19/SC/0257).

University College of London, UK (UCL) and COVID-sortium

The UCL Dilated Cardiomyopathy Cohort were recruited as part of the Inherited Cardiac
Disease: A clinical and genetic investigation study, a research registry of patients referred to
specialist cardiomyopathy clinics at the UCLH Heart Hospital and Saint Bartholomew’s
Hospital. Patients were included who had a clinical diagnosis of DCM (defined as LVEF <
50% in the absence of abnormal loading conditions or coronary artery disease sufficient to
cause the phenotype). Sample dates ranged from October 2010 to September 2020. Control
participants were healthcare workers recruited to the COVID-sortium Healthcare Workers
Bioresource. COVID-sortium was approved by the ethical committee of UK National Research
Ethics Service (20/SC/0149) and conforms to the principles of the Helsinki Declaration, with
all subjects providing written consent.

UK Biobank (UKB)'?

The UK Biobank is a population-based prospective cohort with extensive genetic and
phenotypic data collected on approximately 500,000 individuals aged 40-69 years recruited
from across the UK between 2006 and 2010. Collected information include socio-
demographics, lifestyle, and health-related factors, physical measures, biological samples
(blood, urine, and saliva) for genomics and biochemical markers assessments, linked
electronic health records, disease registers, and death register, with a planned repeat
assessments and multi-modal imaging. The UK Biobank genetic data contains genotypes for
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488,377 participants assayed using two very similar genotyping arrays with extensive phasing
and genotype imputation. To define phenotypes used in the GWAS analysis, the present study
used the diagnosis and procedure codes in linked primary care record (covering 228,948
participants with latest clinical event recorded on 18 August 2019) and hospital admission
record (covering 435,632 participants with latest diagnosis or procedure code recorded on 30
June 2020). The UK Biobank study was reviewed by the National Research Ethics Service
(11/NW/0382, 21/NW/0157).

Uppsala Longitudinal Study of Adult Men (ULSAM)"

The ULSAM study is a longitudinal community based cohort study of 50 year old men that
started in 1970 (n=2322). All 50 year old men in Uppsala were invited to participate. Subjects
were reinvestigated at the ages of 60, 70, 77, 82 and 88 years. GWAS data are available in
approximately half of the study sample. Untargeted metabolomics and proteomics data are
available both in serum and urine in subsamples of the cohort. A large number of
cardiovascular events and mortality data are available with more than 20 years of follow-up.
The ULSAM study is described in detail on http://www.pubcare.uu.se/ULSAM. All subjects
gave written informed consent and the study was approved by the Ethics Committee of the
University of Uppsala.
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3. Study level GWAS methods and quality control

The HERMES Consortium recommended individual studies perform GWAS using the
following procedure, but did not mandate it. All individual genotyping, quality control (QC),
imputation, and analysis methods are reported in Supplementary Table 2. Ancestries were
defined using self-reported followed by validation using genetically determined ancestry. Pre-
imputation quality control (QC) recommendations included per marker (genotyping rate >98%,
clear Hardy Weinberg equilibrium deviations and P-values in controls >1x10°, duplicate
concordance, Mendelian inconsistencies, minor allele frequency [MAF] concordance with
reference populations, MAF>0.5% or >1%) and per sample (genotyping rate >95%,
heterozygosity within 3 standard deviations, exclusion of genetic ancestry outliers on principal
component [PC] plots) checks. Related individuals (pihat >0.1) were excluded unless
specialized models that account for relatedness (e.g. mixed linear models) were used. Post-
QC genotypes were imputed using the Michigan Imputation Server with HRC r1.1 2016
reference. GWAS was performed per study per phenotype, using logistic regression assuming
additive genetic effects, adjusted for age, sex, genetic principal components (PC), and study-
specific covariates. Additional study-level QC was performed for GWAS summary statistics:
variants with >2 alleles, regression coefficients >10, coefficient standard errors >10, minor
allele frequency (MAF) <1%, imputation (INFO) score <0.6, or effective sample size <50 were
excluded. Of remaining variants, allele frequency differences >0.2 compared against
European ancestry reference panel (whole-genome sequencing data from HRC and 1000G
project phase 3 version 5) were further excluded. Genomic inflation adjustment were applied
for summary statistics with genomic control coefficient >1.1.
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4. Mendelian cardiomyopathy causing genes from ClinGen and
GenCC

List of genes used to test for enrichment of Mendelian cardiomyopathy genes within GWAS
loci (https://www.clinicalgenome.org and https://thegencc.org accessed 1% February 2023).

Gene Phenotype ClinGen GenCC

ACTC1 dilated cardiomyopathy Moderate Moderate
ACTC1  hypertrophic cardiomyopathy Definitive Definitive
ACTN2 intrinsic cardiomyopathy Moderate Moderate
ALPK3  hypertrophic cardiomyopathy Definitive Strong

BAG3 dilated cardiomyopathy Definitive Definitive
CSRP3  hypertrophic cardiomyopathy Moderate Moderate
DES dilated cardiomyopathy Definitive Definitive
DES arrhythmogenic right ventricular cardiomyopathy Moderate Moderate
DSG2 arrhythmogenic right ventricular cardiomyopathy Definitive Definitive
DSP arrhythmogenic cardiomyopathy with woolly hair and keratoderma | Definitive Strong

FHOD3 | hypertrophic cardiomyopathy Moderate
FLNC dilated cardiomyopathy Definitive Definitive
JPH2 dilated cardiomyopathy Moderate Moderate
JPH2 hypertrophic cardiomyopathy Moderate Moderate
LMNA dilated cardiomyopathy Definitive Definitive
MYBPC3 hypertrophic cardiomyopathy Definitive Definitive
MYH7 dilated cardiomyopathy Definitive Definitive
MYH7 hypertrophic cardiomyopathy Definitive Definitive
MYL2 hypertrophic cardiomyopathy Definitive Definitive
MYL3 hypertrophic cardiomyopathy Definitive Strong

NEXN dilated cardiomyopathy Moderate Moderate
PKP2 arrhythmogenic right ventricular cardiomyopathy Definitive Definitive
PLN intrinsic cardiomyopathy Definitive Definitive
PLN arrhythmogenic right ventricular cardiomyopathy Moderate Moderate
PRKAG2 | hypertrophic cardiomyopathy Definitive Definitive
RBM20 | dilated cardiomyopathy Definitive Definitive
SCN5A  dilated cardiomyopathy Definitive Definitive
TNNC1 dilated cardiomyopathy Definitive Definitive
TNNC1  hypertrophic cardiomyopathy Moderate Moderate
TNNI3  dilated cardiomyopathy Moderate Moderate
TNNI3 hypertrophic cardiomyopathy Definitive Definitive
TNNT2  dilated cardiomyopathy Definitive Definitive
TNNT2  hypertrophic cardiomyopathy Definitive Definitive
TPM1 dilated cardiomyopathy Moderate Moderate
TPM1 hypertrophic cardiomyopathy Definitive Definitive
TTN dilated cardiomyopathy Definitive Definitive
VCL dilated cardiomyopathy Moderate Moderate
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5. Curation of pathogenic and likely pathogenic rare variants in DCM-

causing genes in the UK Biobank

Variants 100 bp up- and down-stream the region of 19 DCM-associated genes with definitive,
strong, or moderate evidence for disease, were extracted from the whole exome sequencing
data of 454,756 UKB participants'’. MANE, protein-altering variants that had a MAF <0.1% in
gnomAD and UKBB were identified. Intron variants that were pathogenic in ClinVar were
manually curated for functional evidence of splicing. Splice region variants and other splice
variants (excluding essential splice and splice donor 5th base), were included if they were
predicted to cause splicing through SpliceAl (threshold >0.8)'®. Only TTN truncating variants
in PSI>90% exons or variants with a splice prediction or curation of pathogenic (with
assessment) were included.

The variant list was then shortened to only include the 12 definitive or strong
evidence DCM genes (BAG3, DES, DSP, FLNC, LMNA, MYH7, PLN, RBM20, SCN5A,
TNNC1, TNNT2, TTN). LOFTEE was used to identify low confidence LoF variants and identify
PAVs that are mislabelled (e.g. NAGNAG sites)'®. All predicted LoF variants were annotated
for prediction of NMD escaping; using the NMD plugin, a threshold of 55bp into the penultimate
exon of the genes, and additional curation of frameshift variants upstream to the 55bp
threshold but where the PTC is predicted to be within the threshold using HGVSp. Additionally,
"missense_variant, splice_region_variant"s were only flagged as NMD escaping if they also
had a prediction of splicing by SpliceAl. The variants were then filtered for disease-causing
mechanisms; all protein-altering variants were kept for BAG3, LMNA, PLN, SCN5A, RBM20,
and DSP; variants influencing gene product structure (i.e. indels, missense, start and stop
lost) or gene product level (i.e. frameshift, splice, stop gained) (but NMD escaping) were kept
for MYH7, DES, TNNC1, and TNNT2; and variants predicted to influence gene product level
were kept for TTN and FLNC.

The variant list was then shortened to only include variants that met a filtering allele
frequency (FAF) (gnomAD population max FAF <0.00004) and as a MAF in UKB. Additionally,
compound heterozygous carriers of common TTN truncating variants (same two TTN variants
identified in >10 individuals) were removed from the analysis as these were likely rescued.
Finally, only variants that would be called pathogenic or likely pathogenic if identified in a
patient with DCM were included; using Cardioclassifier and ClinVar, the variants were
manually curated if they had any evidence of pathogenicity.
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