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Supplementary Methods
Recruitment, genotyping and genotype quality control for the Malmö Diet and Cancer study
The Malmö Diet and Cancer (MDC) study1 is a prospective population-based cohort recruited between 1991 and 1996 in Malmö, Sweden. Malmö is the third largest city in Sweden, and a neighbouring city to Lund, where most of the heart transplantations in this study were performed. At the time of recruitment, Malmö had a population of approximately 230,000 individuals. Letters of invitation were sent to all female citizens of Malmö born between 1923 and 1950, and all male citizens born between 1923 and 1945. A total of 30,447 individuals responded and underwent baseline examination, corresponding to a participation rate of approximately 40%. Anthropometric data, blood pressure, and a detailed questionnaire on medical history, as well as blood samples were collected. DNA was isolated from whole blood using a spin column-based method from Qiagen. Genome-wide genotyping of single nucleotide variants and exome sequencing was performed in the full cohort by Regeneron Genetics Centre. 
Genotyping was performed using the Illumina Infinium Global Screening Array v1 (Illumina Inc., San Diego, CA, USA) according to the manufacturer’s standard protocols. Imputation was performed in three similarly sized batches to the Haplotype Reference Consortium reference panel for European populations (v1.1 from 2016) based on the Michigan imputation server (https://imputationserver.sph.umich.edu/index.html) with phasing based on the eagle software v2.3, resulting in a total number of 39,127,700 markers. Before imputation, autosomal SNPs with minor allele frequency >1%, with less than 1% missingness, with a Handy-Weinberg equilibrium p-value less than 1x10-15 passed the quality control. Individuals with more than 10% of missing genotype data were excluded, as were duplicated or sex discordant samples. 
Exome capture was performed using an automated, high-throughput pipeline at Regeneron Genetics Center. Genomic DNA was enzymatically sheared into 200 base pair fragments and libraries created using a custom NEBNext Ultra II FS DNA library prep kit (New England Biolabs). Samples were pooled with xGen probes from Integrated DNA Technologies (IDT, Coralville, IA, USA). Captured fragments were bound to streptavidin-coupled Dynabeads (Thermo Fisher Scientific) and non-specific fragments removed through a series of washes according to instructions from the manufacturer (IDT). The captured DNA was amplified and quantified by quantitative polymerase chain reaction with KAPA HiFi polymerase (KAPA biosystems). The multiplexed samples were pooled and sequenced using 75 base paired-end reads on a Novaseq 6000 sequencer using S2 flow cells (Illumina Inc). A total of 38,997,831 bases were included in the targeted regions. More than 20x coverage was achieved over more than 90% of targeted bases in 99% of the samples. 
The binary base call (bcl) files generated by the sequencers were transformed into fastq files by the bcl2fastq conversion software from Illumina. Reads were aligned to the human reference genome GRCh38 using the Burrows-Wheeler Aligner. Single nucleotide variants and insertion/deletions were called using the WeCall variant caller. Samples were excluded if disagreement between genetically determined and self-reported sex, homozygosity rates with D-stat >0.4, coverage of less than 20x achieved for less than 85% of targeted bases, genetically-inferred duplicate samples, or if sequencing variants were discordant with array calls.
The study was approved by the Regional Ethics Committee and all individuals provided written consent in accordance with the declaration of Helsinki. 
DNA extraction, purification, whole genome sequencing, and data processing of the SwedeHeartSeq cohort
Myocardial samples were sectioned and either snap-frozen (Gothenburg) or placed in RNAlater (Thermo Fisher Scientific, Waltham, MA, USA) and subsequently frozen (Lund) to -80°C, and remained frozen until thawing for DNA isolation. Genomic DNA was extracted and purified from explanted heart biopsies using a silica-based membrane method on spin columns in accordance with the manufacturers protocol (DNeasy Blood & Tissue kit, Qiagen, Venlo, the Netherlands). DNA quality was confirmed and quantified using a fluorometric method (Qubit, Thermo Fisher Scientific Inc., Waltham, MA, USA; OD260/280 of 1.8-2.0 was required for sequencing) and fragment length using an electrophoretic method (FragmentAnalyzer, Agilent Technologies Inc., Santa Clara, CA, USA). More than 3.5 ug of DNA were available from all patients. Sequencing was performed at the accredited national core facility SciLifeLab in Uppsala, Sweden. DNA libraries were constructed without polymerase chain reaction (PCR) amplification steps using the TruSeq PCR-free library prep kit (Illumina Inc.). Sequencing was performed to an average target sequencing depth of 60x using paired-end 150 bp sequencing in S4 flow cells with v1.5 reagent kits on a NovaSeq 6000 (Illumina Inc.) at the accredited national core facility SciLifeLab (National Genomics Infrastructure Uppsala/SNP&SEQ technology platform, SciLifeLab, Uppsala). Median coverage was 71x and coverage exceeded 30x at 90% of sites on average.
[bookmark: _Hlk102649258]The binary base call (bcl) files generated by the sequencers were transformed into fastq files by the bcl2fastq conversion software from Illumina. Preprocessing, alignment, and variant calling was performed using the Sarek pipeline (v.2.7).2 Briefly, reads were aligned to the human reference genome GRCh38 using the Burrows-Wheeler Aligner. Duplicate read removal and quality score recalibration was performed using GATK (v.4.1.7.0).3 Variant calling for single nucleotide variants (SNVs) and insertions and deletions (indels) was performed using GATK HaplotypeCaller and Strelka (v.2.9.10). 


Pathogenic variant annotation and prioritization pipeline
[bookmark: _Hlk102726903][bookmark: _Hlk102642764]Variant annotation and prioritization were performed using a slightly modified version of the Mutation Identification Pipeline (MIP) algorithm,4 which is an algorithm used for ranking variants according to predicted pathogenicity. This algorithm has been in use at the Clinical Genomics facility at SciLifeLab since 2014 and versions of it is in use at the major clinical genomics departments in Swedish healthcare and for research.4-7 The algorithm is based on output from the tools GATK, VEP, ANNOVAR and CADD and assigns each variant a pathogenicity score based on 8 categories of attributes as listed below. In the list below, categories as well as information on whether the maximum score (max), minimum score (min), or score summation (sum) are to be used. Scores from each category are then summed resulting in the final score. All variants with a total score of 15 or higher, with lower scores considered highly likely to represent benign variants based on clinical experience,4,5 were curated manually and classified according to ACMG criteria.8 Manual curation was also performed for all variants with a previous ClinVar submission classified as LP/P, regardless of pathogenicity score to ensure that no variant previously classified as pathogenic by ClinVar was missed. 
1. Variant call quality filter (sum)
2. Splicing (max)
3. Consequence (max)
4. Gene intolerance prediction (max)
5. Conservation (sum)
6. Protein prediction (sum)
7. Allele frequency (min)
8. Clinical significance (sum)

[bookmark: _Hlk102643241]1. Variant Call Quality Score
All variants that pass the variant call quality filter in GATK HaplotypeCaller are assigned a score of 3.
	Variant call quality
	Score

	Not reported
	  0

	.
	  3

	PASS
	  3



2. Spliceogenicity Score
Spliceogenicity was assessed using MaxEntScan9 and SpliceAI.10 MaxEntScan scores were obtained via the MaxEntScan plugin in VEP and SpliceAI scores were obtained from CADD. The maximum variant score from these tools constitutes the Spliceogenicity Score.
	MaxEntScan alternative score for native splice sites
	Score

	Not reported
	  0

	Low (>0, ≤6.2)
	  3

	Medium (>6.2, ≤8.5)
	  2

	High (>8.5)
	  0



	MaxEntScan difference score for native splice sites
	Score

	Not reported
	  0

	Low (≥0, ≤1.15)
	  3

	High (>1.15)
	  2



	SpliceAI delta score acceptor gain
	Score

	Not reported
	  0

	Low (>0, <0.2)
	  1

	Medium (≥0.2, <0.5)
	  3

	High (≥0.5)
	  5



	SpliceAI delta score acceptor loss
	Score

	Not reported
	  0

	Low (>0, <0.2)
	  1

	Medium (≥0.2, <0.5)
	  3

	High (≥0.5)
	  5



	SpliceAI delta score donor gain
	Score

	Not reported
	  0

	Low (>0, <0.2)
	  1

	Medium (≥0.2, <0.5)
	  3

	High (≥0.5)
	  5

	SpliceAI delta score donor loss
	Score

	Not reported
	  0

	Low (>0, <0.2)
	  1

	Medium (≥0.2, <0.5)
	  3

	High (≥0.5)
	  5





3. Consequence Score
The consequence of the variant as predicted by VEP is assigned a Consequence Score. Some variants have multiple consequence terms, e.g., splice_donor_variant, and non_coding_transcript_variant, in which case the maximum consequence constitutes the Consequence Score.
	Consequence
	Score

	transcript_ablation
	 10

	initiator_codon_variant
	  9

	frameshift_variant
	  8

	stop_gained
	  8

	start_lost
	  8

	stop_lost
	  8

	splice_acceptor_variant
	  8

	splice_donor_variant
	  8

	inframe_deletion
	  5

	transcript_amplification
	  5

	splice_region_variant
	  5

	missense_variant
	  5

	protein_altering_variant
	  5

	inframe_insertion
	  5

	incomplete_terminal_codon_variant
	  5

	non_coding_transcript_exon_variant
	  3

	synonymous_variant
	  2

	mature_mirna_variant
	  1

	non_coding_transcript_variant
	  1

	regulatory_region_variant
	  1

	upstream_gene_variant
	  1

	regulatory_region_amplification
	  1

	tfbs_amplification
	  1

	5_prime_utr_variant
	  1

	intron_variant
	  1

	3_prime_utr_variant
	  1

	feature_truncation
	  1

	TF_binding_site_variant
	  1

	stop_retained_variant
	  1

	feature_elongation
	  1

	regulatory_region_ablation
	  1

	tfbs_ablation
	  1

	coding_sequence_variant
	  1

	downstream_gene_variant
	  1

	NMD_transcript_variant
	  1

	intergenic_variant
	  0

	Not reported
	  0



4. Gene Intolerance Score
The Gene Intolerance Score was obtained from LoFtool,11 which predicts gene intolerance based on the ratio of loss of function to synonymous variants in subjects from the ExAC database. The LoFtool score was obtained using a plugin to VEP.
	LoFtool score
	Score

	Not reported
	  0

	High intolerance (≥0, ≤0.01)
	  4

	Medium intolerance (>0.01, ≤0.1)
	  2

	High intolerance (>0.1)
	  0



5. Conservation Score
Evolutionary locus conservation was assessed using three models, GERP++_RS score,12 phastCons score,13 and phyloP score.14 All three scores were obtained from ANNOVAR. The sum of all three scores constitutes the Conservation Score.
	GERP++_RS score
	Score

	Not reported
	  0

	Not conserved (<2)
	  0

	Conserved (≥2)
	  1



	phastCons100way_vertebrate score
	Score

	Not reported
	  0

	Not conserved (<0.8)
	  0

	Conserved (≥0.8)
	  1



	phyloP100way_vertebrate
	Score

	Not reported
	  0

	Not conserved (<2.5)
	  0

	Conserved (≥2.5)
	  1



6. Protein Prediction Score
Four prediction tools are used to assess variant deleteriousness, Polyphen,15 SIFT,16 REVEL,17 and CADD.18 The sum of the individual scores constitutes the Protein Prediction Score. Polyphen, SIFT and CADD phred scores were annotated using the CADD tool, REVEL was annotated using the REVEL plugin in VEP.
	Polyphen value
	Score

	Not reported
	  0

	Benign (≤ 0.446)
	  0

	Possibly damaging (> 0.446, < 0.908)
	  1

	Probably damaging (≥ 0.908)
	  1




	SIFT
	Score

	Not reported
	  0

	Tolerated (≥ 0.05)
	  0

	Deleterious (< 0.05)
	  1



	REVEL
	Score

	Not reported
	  0

	Tolerated (< 0.5)
	  0

	Probably damaging (≥ 0.5, < 0.75)
	  2

	Damaging (≥ 0.75)
	  5



	CADD
	Score

	Not reported
	  0

	Low (< 10)
	  0

	Medium (≥ 10, < 20)
	  2

	High (≥ 20, < 30)
	  3

	Higher (≥ 30, < 40)
	  4

	Highest (≥ 40)
	  5



7. Allele Frequency Score
We obtained allele frequencies from three reference cohorts using VEP (the 1000 genomes project, exome sequencing project of the National Heart Lung and Blood Institute (ESP), and gnomAD19). The maximum allele frequencies in African, admixed American, East Asian, European, and South Asian were used. We also obtained allele frequencies from exome sequencing of our local reference cohort (Malmö Diet and Cancer, MDCS). The minimum score of either the international cohorts (1000 genomes, ESP, gnomAD) or the MDCS was used as the Allele frequency score. Higher allele frequencies yielded lower scores as outlined below.
	gnomAD allele frequency
	Score

	Not reported
	  4

	Very rare (> 0, ≤ 0.0005)
	  3

	Rare (> 0.0005, ≤ 0.005)
	  2

	Intermediate (> 0.005, ≤ 0.02)
	  1

	Common (> 0.02)
	-12



	MDC allele frequency
	Score

	Not reported
	  4

	Very rare (> 0, ≤ 0.0005)
	  3

	Rare (> 0.0005, ≤ 0.005)
	  2

	Intermediate (> 0.005, ≤ 0.02)
	  1

	Common (> 0.02)
	-12



8. ClinVar Score
All variants with a previous submission to ClinVar20 obtained a score based on a) clinical significance (the maximum value) and b) clinical review status (the maximum value). ClinVar variants were extracted on April 30th, 2022. The Clinical Review Status Score corresponds to the number of gold stars as assigned by ClinVar. The sum of the Clinical Significance Score and the Clinical Review Status Score constitutes the ClinVar Score.

	ClinVar Clinical Significance
	Score

	Not provided
	  0

	Drug response
	  0

	Other
	  0

	Uncertain significance
	  0

	Benign
	 -1

	Likely benign
	  0

	Likely pathogenic
	  5

	Pathogenic
	  5



	ClinVar Clinical Review Status
	Score

	Not reported
	  0

	No assertion provided
	  0

	No assertion criteria provided
	  0

	No interpretation for the single variant
	  0

	Criteria provided, single submitter
	  1

	Criteria provided, conflicting interpretations
	  1

	Criteria provided, multiple submitters, no conflicts
	  2

	Reviewed by expert panel
	  3

	Practice guideline
	  4



Gene collation
We aimed to establish a gene list incorporating a broad set of genes that may be relevant to genetic forms of heart failure. Genes were collated from three main sources: curated genes by ClinGen, curated genes by PanelApp, and a systematic review of the literature. First, we compiled a list of genes curated by ClinGen as having moderate, strong, or definitive evidence (hereafter referred to as potentially pathogenic) for hypertrophic cardiomyopathy (HCM, including genes associated with clinical syndromes and genes causing HCM phenocopies),21 dilated cardiomyopathy (DCM),22 arrhythmogenic right ventricular cardiomyopathy (ARVC),23 and familial hypercholesterolemia (FH).24 Since we originally planned to analyse left ventricular non-compaction (LVNC) as a separate clinical entity, we also included articles with this subject as well. ClinGen has currently not published any gene curation for monogenic hypertension (MGH), LVNC, or restrictive cardiomyopathy (RCM). We supplemented this list with genes from PanelApp, an online crowd-sourcing tool created and moderated by Genomics England.25 Genes curated as amber or green (hereafter referred to as potentially pathogenic) were abstracted from the following panels: 
a) Hypertrophic cardiomyopathy - teen and adult (v. 2.32), accessed 2021-11-18
b) Dilated cardiomyopathy - adult and teen (v. 1.26), accessed 2021-11-18
c) Arrhythmogenic cardiomyopathy (v 2.13), accessed 2021-11-18
d) Left Ventricular Noncompaction Cardiomyopathy (v. 1.4), accessed 2021-11-18
e) Cardiomyopathies - including childhood onset (v 1.59), accessed 2021-12-20
f) Familial hypercholesterolaemia - targeted panel (v. 1.9), accessed 2021-11-18
All genes that were classified as potentially pathogenic by either ClinGen or PanelApp were included. This list was supplemented with additional genes from a systematic literature review for genes associated with DCM, HCM, ARVC, LVNC, RCM, and MGH. Search phrases used are detailed below. All searches were performed with PubMed on November 1, 2021. Titles and abstracts yielded by the search were screened and articles that applied a systematic approach to review genes for each condition were included and genes included into the gene list. The following phrases were used:
a) Search for DCM: "Cardiomyopathy, Dilated"[Mesh] AND (((gene) OR (genes)) OR (genet*)) AND (review[Filter]) AND (2015:2021/11/1[pdat]). Search yielded 137 results of which 32 articles included a structured gene presentation and were included.
b) Search for HCM: "Cardiomyopathy, Hypertrophic"[Mesh] AND (((gene) OR (genes)) OR (genet*)) AND (review[Filter]) AND (2015:2021/11/1[pdat]). Search yielded 184 results of which 32 articles included a structured gene presentation and were included.
c) Search for ARVC: "Arrhythmogenic Right Ventricular Dysplasia"[Mesh] AND (((gene) OR (genes)) OR (genet*)) AND (review[Filter]) AND (2015:2021/11/1[pdat]). Search yielded 91 results of which 28 articles included a structured gene presentation and were included.
d) Search for RCM: "Cardiomyopathy, Restrictive"[Mesh] AND (((gene) OR (genes)) OR (genet*)) AND (review[Filter]) AND (2015:2021/11/1[pdat]). Search yielded 14 results of which 3 articles included a structured gene presentation and were included.
e) Search for LVNC: "Isolated Noncompaction of the Ventricular Myocardium"[Mesh] AND (((gene) OR (genes)) OR (genet*)) AND (review[Filter]) AND (2015:2021/11/1[pdat]). Search yielded 22 results of which 11 articles included a structured gene presentation and were included.
f) Search for MGH: ("Hypertension"[Mesh]) AND ((monogenic) OR (Mendelian) OR (autosomal) OR (recessive)) AND (review[Filter]) AND (2015:2021/11/1[pdat]). Search yielded 105 results of which 16 articles included a structured gene presentation and were included.
In total, 105 unique articles were included from which 368 genes were extracted. In addition, one participant in our study had a prior diagnosis of glycogen storage disease type IV, carrying a variant in the gene GBE1 which was added to the list also for a total of 369 genes (listed below in Supplementary Fig. and Supplementary Table S1). 
Variant classification
Manual classification was conducted in accordance with the American College of Medical Genetics (ACMG) criteria using gene- and condition-specific criteria when available.8,26-28 Variants were classified as benign/likely benign (B/LB), variant of uncertain significance (VUS), likely pathogenic (LP) and pathogenic (P). Variant interpretation was aided by the Alamut Visual Plus browser (Interactive Biosoftware, Rouen, France). All variants presented in this article were classified by board-certified clinical geneticists (MH and HE) in accordance with ACMG recommendations.8
Polygenic risk score derivation
The HERMES dataset used for development of the risk score included 153,174 HF cases and 1,793,175 controls from a meta-analysis of longitudinal population-based cohorts, hospital-based electronic health record cohorts, case-control studies, and clinical trials. Protocols for quality control and meta-analysis in this consortium have been described previously.29
Polygenic risk scores were derived based on summary statistics from the HERMES dataset using the LDpred2 algorithm as implemented in the R package bigsnpr 1.8.1 in R version 3.6.0 (R Foundation, Vienna, Austria).30 The ‘auto’ option in LDpred2 was used, which directly learns the two LDpred2 parameters (sparsity and SNP heritability) from the dataset. The correlation of polymorphisms (linkage disequilibrium) was obtained from a reference panel provided by the software which is based on the UK Biobank and 1000 Genomes Project samples. Analyses were restricted to variants with minor allele frequency>0.01, and Hardy-Weinberg equilibrium P<10-10.


Supplementary results
Overall yield of genetic testing for monogenic variants
[bookmark: _Hlk146567942]A total of 22,393,708 single nucleotide variants and indels were identified from WGS in the 101 early-onset HF cases, with a median of 5,028,520 variants per individual (interquartile range 5,007,377-5,057,396). Of these, 243,634 variants were located in the 369 genes from our early-onset HF list with a median of 50,673 per individual (49,816-51,353). Our pathogenicity annotation pipeline identified 1,059 of these variants with a pathogenicity score of 15 or higher that were prioritized for manual classification. Of these, manual classification according to ACMG criteria resulted in 71 (6.7%) being classified as LP/P, out of which 39 (3.7%) were categorized as contributing to the observed phenotype whereas the other 32 (3.0%) were heterozygous variants in autosomal recessive genes or pathogenic variants not consistent with exhibited phenotype. Conversely, 450 variants (42.4%) were classified as LB/B. The remaining 538 variants were classified as VUS (50.8%), of which 13 (1.2%) were identified as having suggestive evidence of contributing to phenotype during manual curation. From the VUS group, 103 were missense variants in the TTN gene.
Of the 39 LP/P variants, at least one was identified in each of 34 individuals (34%), while at least one VUS was present in almost all (100, 99%) and at least one VUS with suggestive evidence of pathogenicity in 11 individuals (11%). All LP/P and VUS variants with suggestive evidence are listed in Supplementary Table S4 (manually curated variants classified as not significant are not presented). Four of the 39 LP/P variants (two in POLG, one in TTR, and one in KCNQ1) and none of the 11 VUS variants with suggestive evidence of pathogenicity (DSG2) were present in the local population-based cohort MDCS, although at sufficiently low frequency to not reduce pathogenicity scores and with a lower prevalence than the maximum ancestry-based allele frequency in gnomAD.
Four individuals had more than one LP/P variant concurrently, however, in three of these cases, one or two of the variants was interpreted as non-Mendelian, low-penetrance risk factors (in MYL3, MYBPC3 and POLG in carriers of pathogenic TNNT2, MYBPC3 and TTR variants respectively) while in one case two GYG1 variants were interpreted as compound heterozygous. 
Two individuals had one pathogenic variant and one VUS of suggestive evidence: the patient with a previous diagnosis of glycogen storage disease IV and a pathogenic variant in GBE1 carried a VUS in the same gene, and one patient with ARVC and a pathogenic variant in DSG2 carried a VUS in the same gene. 
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	Table S2. Restrictive panel consisting of genes curated as moderate or higher level of evidence for pathogenicity by ClinGen

	Name
	Phenotype
	Highest level of evidence

	ACTC1
	DCM, HCM
	Definitive

	ACTN2
	DCM, HCM
	Moderate

	ALPK3
	HCM
	Strong

	BAG3
	DCM, HCM
	Definitive

	CACNA1C
	HCM
	Definitive

	CSRP3
	HCM
	Moderate

	DES
	DCM, HCM, ARVC
	Definitive

	DSC2
	ARVC
	Definitive

	DSG2
	ARVC
	Definitive

	DSP
	DCM, ARVC
	Definitive

	FHL1
	HCM
	Definitive

	FLNC
	DCM, HCM
	Definitive

	GLA
	HCM
	Definitive

	JPH2
	DCM, HCM
	Moderate

	JUP
	ARVC
	Definitive

	LAMP2
	HCM
	Definitive

	LMNA
	DCM
	Definitive

	MYBPC3
	HCM
	Definitive

	MYH7
	DCM, HCM
	Definitive

	MYL2
	HCM
	Definitive

	MYL3
	HCM
	Definitive

	NEXN
	DCM
	Moderate

	PKP2
	ARVC
	Definitive

	PLN
	DCM, HCM, ARVC
	Definitive

	PRKAG2
	HCM
	Definitive

	PTPN11
	HCM
	Definitive

	RAF1
	HCM
	Definitive

	RBM20
	DCM
	Definitive

	RIT1
	HCM
	Definitive

	SCN5A
	DCM
	Definitive

	TMEM43
	ARVC
	Definitive

	TNNC1
	DCM, HCM
	Definitive

	TNNI3
	DCM, HCM
	Definitive

	TNNT2
	DCM, HCM
	Definitive

	TPM1
	DCM, HCM
	Definitive

	TTN
	DCM
	Definitive

	TTR
	HCM
	Definitive

	VCL
	DCM
	Moderate




	Table S3. Baseline characteristics of the early onset advanced heart failure cohort (SwedeHeartSeq) and the population-based Malmö Diet and Cancer study.

	
	No. (%)
	

	Variable
	SwedeHeartSeq (n=101)
	Malmö Diet and Cancer (n=30,447)

	 Age, mean (SD), y
	50.1 (14.3)
	58.0 (7.6)

	Sex
	
	

	   Female
	26 (26)
	18,326 (60)

	   Male
	75 (74)
	12,121 (40)

	Hypertension
	17 (17)
	4,960 (19)

	Diabetes
	11 (11)
	877 (3)

	Stroke
	14 (14)
	408 (2)

	Coronary disease
	18 (18)
	600 (2)

	CABG
	3 (3)
	NA

	PCI
	15 (15)
	NA

	Smoking
	
	

	   Current
	0 (0.0)
	8087 (28)

	   Previous
	37 (37)
	9658 (34)

	   Never
	64 (63)
	10819 (38)

	HTx or LVAD
	
	

	   HTx
	97 (96)
	NA

	   LVAD
	4 (4)
	NA

	
CABG, coronary artery bypass graft; HTx, heart transplant; LVAD, Left ventricular assist device; NA, not available/applicable; PCI, percutaneous coronary intervention. A total of 87 individuals (0.3%) from the MDCS had been diagnosed with HF prior to study inclusion.







	Table S4. List of all variants classified as pathogenic, likely pathogenic, or as variants of uncertain significance with suggestive evidence of pathogenicity. Note that a few individuals had more than one variant simultaneously.

	Subject
	Gene
	HGVSc
	HGVSp
	Path. score
	Class
	Phenotype
	Comment

	1
	TNNT2
	NM_001276345.2:c.776A>C
	p.Asp259Ala
	24
	VUS
	DCM
	

	2
	PKD1
	NM_001009944.3:c.8299C>T
	p.Arg2767Cys
	30
	LP
	ICM
	Known polycystic kidney disease

	3
	TNNT2
	NM_001276345.2:c.547C>T
	p.Arg183Trp
	32
	P
	DCM
	

	4
	FLNC
	NM_001458.5:c.4181A>G
	p.Lys1394Arg
	30
	VUS
	DCM
	

	5
	LAMP2
	NM_002294.3:c.795C>A
	p.Cys265Ter
	28
	P
	HCM*
	Diagnosed with Danon disease.

	6
	TNNT2
	NM_001276345.2:c.547C>G
	p.Arg183Gly
	27
	LP
	DCM
	

	6
	MYL3
	NM_000258.3:c.170C>G
	p.Ala57Gly
	24
	LP
	DCM
	Low penetrance risk factor.

	7
	MYLK3
	NM_182493.3:c.618dup
	p.Ile207HisfsTer9
	17
	LP
	DCM
	

	8
	TTN
	NM_001267550.2:c.13522del
	p.Asp4508IlefsTer22
	19
	LP
	DCM
	I-band, exon 49 (LRG), PSI 100%

	9
	TTR
	NM_000371.4:c.323A>G
	p.His108Arg
	33
	LP
	ATTR-CM
	

	10
	TTR
	NM_000371.4:c.220_221delinsTT
	p.Glu74Leu
	26
	P
	ATTR-CM
	

	10
	POLG
	NM_002693.3:c.1760C>T
	p.Pro587Leu
	26
	P
	ATTR-CM
	Low penetrance risk factor. Interpreted as incidental finding.

	10
	POLG
	NM_002693.3:c.752C>T
	p.Thr251Ile
	19
	P
	ATTR-CM
	Low penetrance risk factor. Interpreted as incidental finding.

	11
	FLNC
	NM_001458.5:c.7813G>A
	p.Glu2605Lys
	15
	VUS
	HCM
	

	12
	GYG1
	NM_004130.4:c.248C>T
	p.Thr83Met
	26
	P
	DCM
	Diagnosed with GSD XV.

	12
	GYG1
	NM_004130.4:c.487del
	p.Asp163ThrfsTer5
	18
	P
	DCM
	Diagnosed with GSD XV.

	13
	TTR
	NM_000371.4:c.424G>A
	p.Val142Ile
	26
	P
	ATTR-CM
	

	14
	TNNI3
	NM_000363.5:c.337G>A
	p.Asp113Asn
	24
	VUS
	DCM
	

	15
	PLN
	NM_002667.5:c.25C>T
	p.Arg9Cys
	32
	P
	DCM
	

	16
	GBE1
	NM_000158.4:c.1571G>A
	p.Arg524Gln
	31
	LP
	HCM*
	Diagnosed with GSD IV.

	16
	GBE1
	NM_000158.4:c.1301G>A
	p.Arg434Gln
	25
	VUS
	HCM*
	Diagnosed with GSD IV.

	17
	TNNI3K
	NM_015978.3:c.827+1G>T
	
	26
	VUS
	DCM
	Predicted to disrupt splicing.

	18
	DSC2
	NM_024422.6:c.1034T>C
	p.Ile345Thr
	22
	VUS
	ARVC
	Homozygous.

	19
	DES
	NM_001927.4:c.1234G>A
	p.Glu412Lys
	29
	VUS
	ARVC
	

	20
	MYBPC3
	NM_000256.3:c.2490dup
	p.His831SerfsTer2
	24
	P
	HCM
	

	21
	MYH7
	NM_000257.4:c.428G>A
	p.Arg143Gln
	34
	LP
	HCM
	

	22
	TPM1
	NM_001018005.2:c.574G>A
	p.Glu192Lys
	29
	P
	HCM
	

	23
	LMNA
	NM_170707.4:c.1129C>T
	p.Arg377Cys
	37
	P
	DCM
	

	24
	MYH7
	NM_000257.4:c.2156G>A
	p.Arg719Gln
	29
	P
	HCM
	

	25
	TTR
	NM_000371.4:c.323A>G
	p.His108Arg
	33
	LP
	ATTR-CM
	

	26
	TTN
	NM_001267550.2:c.100295del
	p.Arg33432LeufsTer11
	20
	LP
	DCM
	A-band, exon 358 (LRG), PSI 100%

	27
	DSG2
	NM_001943.5:c.2315T>G
	p.Leu772Ter
	29
	LP
	ARVC
	

	27
	DSG2
	NM_001943.5:c.1003A>G
	p.Thr335Ala
	19
	VUS
	ARVC
	

	28
	LMNA
	NM_170707.4:c.1072_1077del
	p.Glu358_Tyr359del
	19
	VUS
	DCM
	

	29
	TTN
	NM_001267550.2:c.658C>T
	p.Arg220Ter
	22
	LP
	ICM
	Z-disc, exon 5 (LRG), PSI 100%

	30
	TTN
	NM_001267550.2:c.90566dup
	p.Leu30189PhefsTer4
	20
	LP
	DCM
	A-band, exon 336 (LRG), PSI 100%

	31
	DMD
	NM_004006.3:c.31+1del
	
	24
	LP
	DCM
	Predicted to disrupt splicing. Hemizygous.

	32
	PKP2
	NM_001005242.3:c.2014-1G>C
	
	33
	P
	ARVC
	Predicted to disrupt splicing.

	33
	MYBPC3
	NM_000256.3:c.2490dup
	p.His831SerfsTer2
	24
	P
	DCM
	

	34
	LMNA
	NM_170707.4:c.1304_1307dup
	p.Ser437HisfsTer2
	29
	P
	DCM
	

	35
	FLNC
	NM_001458.5:c.6826G>A
	p.Val2276Met
	26
	VUS
	HCM
	

	36
	LMNA
	NM_170707.4:c.992G>A
	p.Arg331Gln
	29
	P
	ACHD
	

	37
	DES
	NM_001927.4:c.735G>A
	p.Glu245%3D
	21
	LP
	DCM
	

	38
	ACTC1
	NM_005159.5:c.301G>A
	p.Glu101Lys
	31
	P
	DCM
	

	39
	MYBPC3
	NM_000256.3:c.2490dup
	p.His831SerfsTer2
	24
	P
	DCM
	

	39
	MYBPC3
	NM_000256.3:c.442G>A
	p.Gly148Arg
	20
	LP
	DCM
	Low penetrance risk factor.

	40
	LMNA
	NM_170707.4:c.1304_1307dup
	p.Ser437HisfsTer2
	29
	P
	DCM
	

	41
	KCNQ1
	NM_000218.3:c.1588C>T
	p.Gln530Ter
	33
	(P)
	Myocarditis
	Interpreted as secondary finding.

	42
	ACTC1
	NM_005159.5:c.1132T>C
	p.Ter378GlnextTer46
	20
	VUS
	DCM
	

	43
	MYLK3
	NM_182493.3:c.1569-2A>C
	
	27
	LP
	DCM
	Predicted to disrupt splicing.

	44
	DMD
	NM_004006.3:c.5632C>T
	p.Gln1878Ter
	30
	P
	DCM
	Hemizygous.

	45
	KCNQ1
	NM_000218.3:c.1552C>T
	p.Arg518Ter
	24
	(P)
	HCM
	Interpreted as secondary finding.

	45
	MYH7
	NM_000257.4:c.3301G>A
	p.Gly1101Ser
	18
	VUS
	HCM
	

	46
	TTN
	NM_001267550.2:c.85150C>T
	p.Arg28384Ter
	29
	LP
	DCM
	A-band, exon 327 (LRG), PSI 100%


All variants were heterozygous unless otherwise stated. 
Abbreviations: HGVSc, Human Genome Variation Society [HGVS] coding sequence name; HGVSp, HGVS protein sequence name; Path. score, pathogenicity score as created from prioritization algorithm; ACMG criteria, American College of Medical Genetics criteria8; VUS, variant of uncertain significance; LP, likely pathogenic; P, pathogenic; (P), pathogenic but interpreted as secondary finding; DCM, dilated cardiomyopathy (CM); ICM, ischemic cardiomyopathy; HCM, hypertrophic CM; HCM*, HCM phenocopy; ATTR-CM, transthyretin amyloid CM (counted as HCM phenocopy here); ARVC, arrhythmogenic right ventricular CM; ACHD, adult congenital heart disease; LRG, Locus Reference Genomic sequence; PSI, proportion spliced-in31; GSD, glycogen storage disease



Supplementary Figures
Figure S1. Genes associated with monogenic heart muscle disease from systematic literature review. Genes were grouped by cellular organelle of principal function. Refences for the genes are listed in Supplementary Table S1.
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Figure S2. Distribution of polygenic risk scores between heart transplanted individuals with and without an identified likely pathogenic or pathogenic variant. Scores are standardized to the scores of the population-based Malmö Diet and Cancer cohort.
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