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BACKGROUND: Dilated cardiomyopathy (DCM) appears to be diagnosed twice as often in male than in female patients. This 
could be attributed to underdiagnosis in female patients or sex differences in susceptibility. Up to 30% of cases have an 
autosomal dominant monogenic cause, where equal sex prevalence would be expected. The aim of this systematic review, 
meta-analysis, and population study was to assess the sex ratio in patients with DCM, stratified by genetic status, and 
evaluate whether this is influenced by diagnostic bias.

METHODS: A literature search identified DCM patient cohorts with discernible sex ratios. Exclusion criteria were studies with 
a small (n<100), pediatric, or peripartum population. Meta-analysis and metaregression compared the proportion of female 
participants for an overall DCM cohort and the following subtypes: all genetic DCM, individual selected DCM genes (TTN 
and LMNA), and gene-elusive DCM. Population DCM sex ratios generated from diagnostic codes were also compared with 
those from sex-specific means using the UK Biobank imaging cohort; this established ICD coded, novel imaging-first, and 
genotype first determined sex ratios.

RESULTS: A total of 99 studies, with 37 525 participants, were included. The overall DCM cohort had a 0.30 female proportion 
(95% CI, 0.28–0.32), corresponding to a male:female ratio (M:F) of 2.38:1. This was similar to patients with an identified 
DCM variant (0.31 [95% CI, 0.26–0.36]; M:F 2.22:1; P=0.56). There was also no significant difference when compared 
with patients with gene-elusive DCM (0.30 [95% CI, 0.24–0.37]; M:F 2.29:1; P=0.81). Furthermore, the ratio within 
autosomal dominant gene variants was not significantly different for TTN (0.28 [95% CI, 0.22–0.36]; M:F 2.51:1; P=0.82) 
or LMNA (0.35 [95% CI, 0.27–0.44]; M:F 1.84:1; P=0.41). Overall, the sex ratio for DCM in people with disease attributed 
to autosomal dominant gene variants was similar to the all-cause group (0.34 [95% CI, 0.28–0.40]; M:F 1.98:1; P=0.19). In 
the UK Biobank (n=47 549), DCM defined by International Classification of Diseases, 10th revision, coding had 4.5:1 M:F. 
However, implementing sex-specific imaging-first and genotype-first diagnostic approaches changed this to 1.7:1 and 2.3:1, 
respectively.

CONCLUSIONS: This study demonstrates that DCM is twice as prevalent in male patients. This was partially mitigated by 
implementing sex-specific DCM diagnostic criteria. The persistent male excess in genotype-positive patients with an equally 
prevalent genetic risk suggests additional genetic or environmental drivers for sex-biased penetrance.

REGISTRATION: URL: https://www.crd.york.ac.uk/prospero; Unique identifier: CRD42023451944.
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Dilated cardiomyopathy (DCM) is a primary cardio-
myopathy clinically defined by the presence of left 
or biventricular dilation and contractile dysfunc-

tion that cannot be explained by other causes, such as 
coronary artery disease or abnormal loading conditions.1,2 
DCM has a prevalence of ≈1 in every 250 people, with an 
estimated overall male preponderance of 2.5:1.1,3–5 The 
development of DCM has been attributed to both genetic 
and acquired factors, with ≈20% to 30% of cases having 
an identified monogenic cause.2,6,7 The genetic patho-
genesis of DCM is complex, as evident by the diversity 
of implicated genes and the range of observed inheri-
tance patterns.6,8 In addition, DCM-associated genetic 
variants exhibit age-related and incomplete penetrance, 
with most monogenic forms of DCM being highly pen-
etrant by late adulthood in family studies.6,7 Recent gene 
curation efforts for nonsyndromic DCM have defined 
12 genes with robust evidence of monogenic disease 
causation (Table S1).2,8,9 Each of these genes exhibits an 
autosomal dominant (AD) inheritance pattern, which is 
primarily observed in adult-onset forms of DCM.6,9

Both genetic and nongenetic forms of DCM have been 
reported to occur more commonly in male patients.4,10 
Among all-cause DCM, this could plausibly be attributed 
to biases in diagnosis and nonbiologic factors, leading 
to underdiagnosis in female patients. However, a simi-

lar male preponderance has been observed within AD 
monogenic DCM, where the prevalence of predisposi-
tion to the condition stratified by sex (sex ratio) would 
be expected to be 1:1 male to female, assuming equal 
penetrance in male and female individuals.11 For patients 
with a titin-truncating variant (TTNtv)—the most com-
mon DCM-associated variant—the male:female ratio 
(M:F) has been reported to be as high as 3:1.9,10 Another 
study encompassing adult-onset variant-positive DCM 
described an M:F of 1.7:1.4 Although the incomplete 
penetrance of DCM variants could explain this observa-
tion, a sex ratio closer to 1:1 would have been expected 
given the equal inheritance risk of AD DCM variants in 
both sexes.

The generalizability of these and other previous studies 
is restricted by their small sample sizes and the limited 
description of gene-level effects, indicating the need for a 
systematic assessment of the sex ratio in genetic, gene-
elusive, and all-cause DCM. If the male preponderance 
exists even in AD genetic forms of DCM, then investiga-
tion into the drivers of sex-specific penetrance would be 
urgently warranted. We therefore conducted a systematic 
review and meta-analysis to systematically analyze evi-
dence from DCM cohort studies to assess the M:F across 
DCM subtypes. Because DCM is diagnosed in a sex-
independent manner, we also investigated whether the 
observed sex ratios could be influenced by diagnostic bias.

METHODS
Literature Search Strategy
The literature review was performed in accordance with 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (Figure 1, Figures S1 and S2, and Methods 
in the Supplemental Material).13 The review question was as 
follows: How does the M:F of prevalent DCM compare with 
subgroups defined by the presence or absence of pathogenic 
variants within the defined DCM-associated genes? To address 
this, we identified articles containing DCM patient cohorts by 
focusing on 3 subject areas: DCM, the 12 genes with strong or 
definitive evidence for causing DCM (Table S1), and the type 
of DCM onset.9

Clinical Perspective

What Is New?
•	 Among individuals with autosomal dominant inheri-

tance of dilated cardiomyopathy (DCM), an equal 
sex distribution is expected. This study systemati-
cally evaluated the sex ratio in DCM (n=37 525), 
finding that all-cause, monogenic, and gene-elusive 
DCM are characterized by a ≈2:1 male to female 
ratio.

•	 The sex imbalance partially corrects on implement-
ing novel sex-specific diagnostic criteria (UK Bio-
bank [n=47 549]), suggesting that DCM may not 
be adequately detected in female patients, leading 
to underdiagnosis.

•	 The sex imbalance does not fully correct, suggest-
ing that male patients are either more susceptible 
to DCM due to genetic or environmental factors or 
that female patients are protected in some way.

What Are the Clinical Implications?
•	 Increased clinical vigilance may be required to diag-

nose DCM in female patients across the disease 
spectrum.

•	 The application of sex-specific DCM diagnostic cri-
teria should be evaluated.

•	 Genetic, reproductive, and environmental factors 
contributing to differences in disease risk in male 
and female patients should be explored.

Nonstandard Abbreviations and Acronyms

AD	 autosomal dominant
CMR	 cardiac magnetic resonance imaging
DCM	 dilated cardiomyopathy
ICD-10	� International Classification of Diseases, 

10th revision
LVEDV	 left ventricular end-diastolic volume
LVEF	 left ventricle ejection fraction
M:F	 male:female ratio
TTNtv	 titin truncating variant
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The final systematic search was performed on June 26, 
2023. Search results were extracted from PubMed, MEDLINE 
Ovid, EMBASE, the Cochrane Central Register of Controlled 
Trials, and Web of Science. For each search both key words 

and Medical Subject Heading terms were included. The inter-
est in genetic DCM was defined using the term “gene*” and by 
listing the 12 genes given a “definitive” or “strong” association 
by the ClinGen Gene Curation Expert Panel.9,14 In line with this, 

Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram.
Flow diagram detailing the number of studies that were included in each step of the literature search screening,13 and the origin of the included 
studies, the number of duplicates removed, and the reason behind exclusion from this study. The figure was generated using Covidence.150
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we based our definition of genetic DCM on the genes in which 
there is high evidence that pathogenic variants clearly cause 
DCM (Table S1). For type of DCM onset, we specified DCM 
studies that discussed adult, late-onset, and nonsyndromic 
forms. This analysis focuses on sex, referring to the different 
biologic and physiologic characteristics of male and female 
individuals, and not gender, which refers to the socially con-
structed characteristics of women and men.12 The full search 
strategies for each of the searched online databases can be 
seen in the Supplemental Material (Methods and Table S2).

Study Eligibility and Selection
Filtering of articles for relevance was carried out by 2 inde-
pendent investigators (N.B. and I.P.) and divided into title 
and abstract screening and full-text screening. Studies were 
excluded if they (1) were identified to be unrelated to DCM, (2) 
described in vitro functional studies, (3) included pediatric, syn-
dromic, X-linked, mitochondrial, or autosomal recessive forms 
of DCM, (4) included ischemic DCM or peripartum cardiomy-
opathy,15 (5) described DCM patient cohorts <100 participants, 
(6) did not provide male and female patient counts, (7) included 
a majority of patients <18 years of age, (8) did not include 
a clinical diagnosis of DCM, or (9) were not available in the 
English language.

Articles that met the eligibility criteria were assessed for 
cohort duplication, which was defined by the cohorts deriving 
from the same source with overlapping years of data collection. 
If the source of a cohort was unclear, the hospital or university of 
the first author was used as a substitute. When duplicate cohort 
sources were identified, the article that described a genetic 
DCM cohort progressed and all others were excluded. If no 
genetic DCM cohort was described, the article with the largest 
cohort was chosen. If the cohort size was the same, the article 
published most recently was progressed. If studies described 
multiple DCM cohorts from different sources, the cohorts were 
differentiated and all nonduplicated data were extracted.

Data Extraction and Quality Assessment
Quality assessment and data extraction were performed in 
Covidence using customized templates (see Supplemental 
Material). The extracted data were then categorized into 3 
cohorts: all participants (general DCM), those who had a 
pathogenic variant within 1 of the 12 defined genes (genetic 
DCM), and those who received genetic testing but did not have 
a pathogenic variant identified (gene-elusive DCM). A patient 
was determined to have gene-elusive (nonmonogenic) DCM 
only if they had genetic testing, had been tested for variants in 
at least 9 of the 12 ClinGen genes, and no pathogenic or likely 
pathogenic variants had been identified.9

The quality assessment template was based on the 
Newcastle-Ottawa Quality Assessment Scale for case–con-
trol and cohort studies and the Q-Genie tool.16,17 Risks of 
bias relating to the study’s participants, specifically assess-
ing bias caused by genetic variant classification, retrospective 
enrollment (to reflect ascertainment bias from a retrospective 
cohort design), inclusion criteria, and selective reporting, were 
all assessed and given a risk rating of low, some concerns, or 
high. Bias related to variant classification was assessed by 
comparing each study’s reported method with the American 
College of Medical Genetics and Genomics classification.18 

Inclusion criteria risk of bias was assessed by comparing each 
study’s DCM diagnostic criteria with the European Society of 
Cardiology guidelines.2 To assess attrition bias, the number of 
included participants was compared with the number of identi-
fied patients. The results were visualized using traffic light and 
summary plots produced in RStudio using the ROB1 template 
from the robvis package.19–21

UK Biobank Sex-Specific Expression of 
Genotypic and Phenotypic Traits
We also examined whether the unbalanced sex ratio observed 
in DCM cases could, in part, be driven by use of non–sex-
specific diagnostic imaging criteria. We evaluated 47 549 
participants from the UK Biobank imaging substudy with car-
diac magnetic resonance imaging (CMR) and available whole-
exome sequencing. CMR cine images were segmented using 
an automated deep-learning network22–24 to obtain measure-
ments of left ventricular wall thickness and mass, and biven-
tricular volumes. In line with the definition of genetic DCM in 
the meta-analysis, whole-exome sequencing data were ana-
lyzed to identify carriers of variants in 12 definitive or strong 
evidence DCM genes (Table S1), which would be classified 
as pathogenic or likely pathogenic if identified in a patient 
with DCM, using Cardioclassifier and ClinVar (Methods in 
the Supplemental Material). Hospital Episodes Statistics 
data obtained from the UK Biobank were used to identify 
participants who had a record of an ICD-10 (International 
Classification of Diseases, 10th revision) diagnostic label for 
DCM. In addition, we derived a novel imaging-phenotype label 
for DCM, defined using sex-specific cutoff ranges for abnormal 
indexed left ventricular end-diastolic volume (LVEDV) and left 
ventricular ejection fraction (LVEF),25 in the absence of known 
valve disease or ischemic heart disease, based on CMR imag-
ing obtained at instance 2 UK Biobank Imaging visit (Methods 
in the Supplemental Material).

Ethics
The UK Biobank study recruited 500 000 participants age 40 
to 69 years from across the United Kingdom between 2006 
and 2010. All participants provided written informed con-
sent for participation in the study, which was approved by the 
National Research Ethics Service (approval 11/NW/0382). 
This study was conducted under terms of access approval 
number 40616.

Statistical Analysis
Each study’s sex ratio and 95% CI were calculated from 
published data. In the main analyses, these ratios were logit 
transformed and pooled on the logit scale (within predefined 
DCM subgroups) using a random-effects meta-analysis with 
DerSimonian-Laird weights. The pooled estimates and 95% 
confidence limits were back-transformed to proportions for 
presentation. I2 estimates were used to assess between-study 
heterogeneity. Sensitivity analyses used a fixed-effects meta-
analysis implemented through a generalized linear mixed model 
with sex as the outcome variable, a random effect at the study 
level, and a logit link function.29-31 Generalized linear mixed mod-
els were also used to assess whether the sex ratio differed by 
specific characteristics, by including these covariates (measured 
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at a group level) as independent variables in the model (Methods 
in the Supplemental Material). We compared the sex ratio by 
whether DCM was genetic or gene-elusive in all patients, and 
then restricted to the subset of studies that recruited patients 
with both genetic and gene-elusive DCM. We refer to patients 
with genetic DCM from these studies as the “reduced genetic 
DCM cohort.” Statistical analyses were performed in R version 
4.2.3 using the packages metafor19,26–28 and shapes.32

Data and Code Availability
Requests for the extracted data and analysis scripts will be 
considered upon request to the corresponding author.

RESULTS
The search outputs from each of the databases gener-
ated a total of 5787 studies. Removal of duplicates left 
a total of 3530 studies to be assessed by title and ab-
stract screening, of which 870 progressed to full-text 
screening. In full-text screening, 692 studies were not 
relevant, leaving 178 relevant articles (Figure 1). The ar-
ticles that met the inclusion criteria were then assessed 
for described cohort duplication, which left 99 studies to 
be included in the quantitative analysis10,33–130 (Figure 1 
and Table S3). The studies included patients recruited 
between 1970 and 2021 and included cohorts ranging 
from 10072 to 4143 participants73 (Table S4). The rea-
sons for exclusion can be found in the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
flow diagram (Figure 1).

Quality Assessment
The risk of bias within the 99 studies was visualized by 
both a summary plot and a traffic plot (Figures S3 and S4). 
All of the risks of bias were found in <15% of the includ-
ed studies except for the risk of bias due to retrospective 
enrollment (Figure S3). This risk was identified in 56 of 
the studies, with the majority of the studies failing to report 
whether their described cohorts were consecutively enroll
ed34,35,37,38,41,48,49,52,61–63,65,66,71,82,83,85,86,93,97,101,106,111–113,115–121,126,128,129  
or not providing the method of cohort assem-
bly.36,45,54,55,60,64,72,76,78,81,84,87,89,90,102,105,109,114,123,124,130 The in-
fluence of retrospective enrollment bias on the pooled 
logit proportion of female participants was found to not 
be statistically significant for any of the described 4 co-
horts (P>0.05); therefore, no articles were eliminated 
due to a high risk of bias (Table S5). All 99 studies were 
included in the meta-analysis.

Generation of DCM Subtype Cohorts
The details of the DCM cohorts are presented in Table 1. 
All of the patients from the 99 studies were included in 
the general DCM cohort, which comprised 37 525 pa-
tients with DCM. Of these studies, 23 described patients 
with DCM who had received some form of genetic test-
ing.10,33,37,40,42–44,51,56,75,78,80,84,86,88,97,99,107,108,111,113,120,126 The 

genetic testing methodologies used ranged from single 
gene to large gene panels. The singular DCM-associated 
genes that had individual studies included DES,75 
RBM20,88 MYH7,86,113 and TTN.10,33,37,78,111 The remain-
ing studies used gene panels, which ranged in size from 
1084 to 183 genes.120 These studies generated a genetic 
DCM cohort that comprised 2069 patients. Out of the 
studies that performed genetic testing, 10 reported the 
clinical details of the patients who had not had a patho-
genic variant identified and made up the gene-elusive 
DCM cohort.40,42–44,78,84,107,108,120,126 This cohort contained 
2020 patients.

Due to the use of gene panels, patients with DCM 
with variants within genes that were not included in the 
12 predefined DCM genes were included in the genetic 
DCM cohort. To assess the influence of these patients, the 
sex ratio data were extracted at the gene-specific level to 
generate the gene-specific DCM cohort. Only 10 of the 
12 DCM-related genes had sex ratio data that could be 
extracted, excluding TNNC1 and SCN5A. The patients 
included in this cohort came from 18 of the 23 genetic 
DCM studies and included a total of 1136 patients (Table 1 
and Table S6).10,33,37,40,42,43,51,56,75,78,80,84,86,88,107,111,113,126

DCM Subcohort Proportion Determination and 
Comparison
All-Cause DCM
For the all-cause DCM cohort, the pooled proportion 
of female participants was 0.30 (95% CI, 0.28–0.32; 
Table 2 and Table S8). This proportion was insensitive 
to the choice of fixed- or random-effects meta-analysis 

Table 1.  Included Studies and Participants for the Dilated 
Cardiomyopathy Cohorts

Cohort
Studies included (n=99), 
n (%)

Participants 
(n=37 525), n (%)

General 99 (100) 37,525 (100)

Genetic 23 (23.23) 2069 (5.51)

Gene-elusive 10 (10.10) 2020 (5.38)

Reduced-genetic 10 (10.10) 831 (2.21)

Gene-specific

  �  Total 18 (18.18) 1136 (3.03)

  �  BAG3 2 (2.02) 7 (0.02)

  �  DES 3 (3.03) 13 (0.03)

  �  DSP 2 (2.02) 5 (0.01)

  �  FLNC 1 (1.01) 4 (0.01)

  �  LMNA 8 (8.08) 125 (0.33)

  �  MYH7 4 (4.04) 49 (0.13)

  �  PLN 1 (1.01) 1 (0.003)

  �  RBM20 3 (3.03) 49 (0.13)

  �  TNNT2 2 (2.02) 13 (0.03)

  �  TTN 13 (13.13) 870 (2.32)
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(Table S7). This proportion informed an M:F of 2.38:1 
(Table 2 and Figure 2). The included individual studies 
(n=99) proportions ranged from 0.06 (95% CI, 0.03–
0.12)45 to 0.56 (95% CI, 0.49–0.63),40 with 5 (5.05%) of 
the studies having proportions ≥0.540,60,85,86,119 (Figure 3).

Genetic DCM
The pooled proportion of female participants within the 
genetic DCM cohort was 0.31 (95% CI, 0.26–0.36; 
Table 2 and Table S9). This informed an M:F of 2.22:1 
(Table 2 and Figure 2). The included individual stud-
ies (n=23) proportions were heterogeneous (likelihood 
ratio test P<0.0001; I2=80.6%; Table S9) and ranged 
from 0.05 (95% CI, 0.01–0.19)107 to 0.62 (95% CI, 

0.50–0.73)40 (Figure 4). Two of the studies (8.70%) had 
proportions ≥0.5.40,88 On metaregression analysis, there 
was no significant difference between the proportion of 
female patients for the general and the genetic DCM co-
horts (P=0.57; Table 3).

Gene-Elusive DCM
For the gene-elusive DCM cohort, the pooled proportion 
of female participants was 0.30 (95% CI, 0.24–0.37; Ta-
ble 2, Table S10, and Figure 5). This proportion informed 
a sex ratio of 2.29:1 (Table 2 and Figure 2). The con-
tributing individual studies (n=10) had proportions that 
ranged from 0.17 (95% CI, 0.08–0.31)107 to 0.53 (95% 
CI, 0.44–0.61)40 (Figure 5). One study (10.00%) had a 
proportion >0.540 and, as seen with the genetic DCM 
cohort, the data were heterogeneous (likelihood ratio 
test P<0.0001; I2=89.0%; Table S10). The proportion of 
female participants in the gene-elusive DCM cohort was 
not significantly different from the general DCM propor-
tion (P=0.82; Table 3).

To compare the gene-elusive and genetic cohorts, 
the genetic cohort was reduced to only include the 
participants from the studies that were also included 
in the gene-elusive pooled proportion (n=10 stud-
ies).40,42–44,78,84,107,108,120,126 This reduced genetic DCM 
cohort was found to have a pooled proportion of female 
participants of 0.30 (95% CI, 0.21–0.40; Table 2, 

Table 2.  Pooled Proportion of Female Participants for Each 
Described Cohort

Cohort
Proportion of female 
participants (95% CI)

Sex 
ratio

General 0.30 (0.28–0.32) 2.38:1

Genetic 0.31 (0.26–0.36) 2.22:1

Gene-elusive 0.30 (0.24–0.37) 2.29:1

Reduced-genetic 0.30 (0.21–0.40) 2.38:1

Gene-specific 0.34 (0.28–0.40) 1.98:1

 � TTNtv 0.28 (0.22–0.36) 2.51:1

 � LMNA 0.35 (0.27–0.44) 1.84:1

Figure 2. Summary results illustration.
This figure displays the main summary results found in this investigation. The determined male to female ratios (M:F) are presented for both 
the systematic review and meta-analysis and the population study. Multiple sources of evidence demonstrate a male preponderance in dilated 
cardiomyopathy (DCM), which is partly mitigated by applying sex-specific diagnostic criteria. ICD-10 indicates International Classification of 
Diseases, 10th revision; and TTNtv, titin-truncating variant.
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Figure 5, and Table S11). This reduced genetic DCM 
cohort proportion was found to not significantly differ 
from the total genetic DCM cohort proportion (P=0.84; 
Table 3). Again, the proportion of female patients in the 
gene-elusive DCM cohort and the reduced genetic DCM 
cohort did not differ significantly (P=0.96; Table 3).

Gene-Specific DCM
The gene-specific DCM cohort had a pooled proportion 
of female patients of 0.34 (95% CI, 0.28–0.40; Table 2 
and Table S12). This informed a sex ratio of 1.98:1 for 
the gene-specific cohort (Table 2). The proportions cal-
culated for the included studies ranged from 0.02 (95% 
CI, 0.00–0.29)107 to 0.90 (95% CI, 0.33–0.99)40 (Fig-
ure 6) and were found to be statistically heterogeneous 
(likelihood ratio test P<0.0001; I2=68.6%; Table S12). 
For the assessed DCM-associated genes, the calculated 
pooled proportions ranged from 0.20 (95% CI, 0.03–
0.69) for DSP to 0.71 (95% CI, 0.33–0.93) for BAG3 
(Figure 6). The proportion was the largest for FLNC at 
0.75 (95% CI, 0.24–0.97), but this was determined from 
a single study (Figure 6). Overall, cohorts with TTNtv and 
LMNA variants were enriched for male patients, with 
the gene cohorts generating female proportions of 0.28 
(95% CI, 0.22–0.36) and 0.35 (95% CI, 0.27–0.44), 
respectively (Table 2, Figure 6, and Table S13). Apart 
from TTNtv and LMNA, there were insufficient data to 
interpret the sex ratios in other genes of interest, with 
wide-ranging CIs due to smaller cohort sizes. Despite the 
gene-specific DCM cohort having a higher pooled pro-
portion, when compared with the general DCM cohort 
by a metaregression, the difference was not statistically 
significant (P=0.18; Table 3). A meta-analysis assessing 
differences between the pooled proportions for the in-
dividual genes could not be completed because of the 
highly variable and small cohort sizes.

Influence of Ancestry
Of the 99 articles included in this study, 42 provided 
some details on self-reported race or ethnicity. The 
pooled proportion of female participants in the Euro-
pean cohort compared with the general DCM cohort all-
ethnicities group was lower, indicating that if a person 
has DCM and is of European ethnicity, they are more 
likely to be male than in the other assessed ethnicities 
(proportion of female participants, 0.25 [95% CI, 0.21–
0.29]; data from 9 studies, metaregression P=0.02; Re-
sults in the Supplemental Material and Table S14). How-
ever, the pooled proportion of female participants did not 
differ between European ethnicity and the all-ethnicity 
groups in the genetic, gene-elusive, or gene-specific 
DCM cohorts (Results in the Supplemental Material and 
Table S14). There were no significant differences com-
paring other ethnicity groups, although available sex- 
and ethnicity-stratified data were limited (Results in the 
Supplemental Material).

Figure 3. Forest plot of general dilated cardiomyopathy 
cohort.
This figure displays the proportion of female patients with dilated 
cardiomyopathy and the 95% CI for each of the included studies 
along with the pooled estimate of 0.30 (95% CI, 0.28–0.32; Table 2). 
The diamond corresponds to the pooled proportion at its center 
and the diamond’s width represents the 95% CI. The heterogeneity 
estimates are provided. The asterisk next to the study identifier 
indicates familial patients are included within that study’s population. 
RE indicates random effects.
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Sensitivity Analyses to Identify Factors Contributing 
to Heterogeneity
Genetic Testing Methodology
The methodology of genetic testing was not consistent 
across the studies, comprising next-generation, Sanger, 
whole-exome, and other sequencing. Metaregression 
showed that the method of genetic testing did not have 
a significant influence on the proportion of female par-
ticipants across the 4 DCM cohorts and therefore the 
results of this study (Results in the Supplemental Mate-
rial and Table S15).

Time Period of Diagnosis
Studies were included in the meta-analysis if a diagnosis 
of DCM had been made by the study investigators. A 
revision for the clinical diagnostic criteria of DCM by the 

European Society of Cardiology working group was pub-
lished in 2016,2 to a broader definition of DCM that does 
not mandate a specific LVEF threshold. Metaregression 
showed that the time period of recruitment (pre versus 
post 2016) influenced the results within the genetic and 
gene-specific subgroups only (Results in the Supple-
mental Material and Table S16). For both genetic and 
gene-specific cohorts, a person with genetic or gene-
specific DCM was more likely to be male if they were 
diagnosed after 2016.

Age
In sensitivity analysis to evaluate the effect of age on our 
results, we compared the observed proportions across 
the 4 DCM cohorts by age, stratified by those older or 
younger than 50 years (the median age at diagnosis of 

Figure 4. Forest plot of monogenic dilated cardiomyopathy.
This figure displays the individual study and pooled proportions of female patients for the genetic dilated cardiomyopathy cohort. The genetic 
cohort proportion was 0.31 (95% CI, 0.26–0.36; Table 2). The asterisk indicates the study includes familial patients with dilated cardiomyopathy. 
The diamond’s center corresponds to the pooled proportion and the width represents the 95% CI. RE indicates random effects.
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DCM131; Results in the Supplemental Material and Table 
S17). Metaregression showed that the proportion of fe-
male participants was similar across the groups when 
stratified by age (Results in the Supplemental Material 
and Table S17). This indicates that age does not appear 
to be a significant factor when assessing why more male 
patients are diagnosed with genetic DCM.

Geographic Location
We were not able to undertake a country-specific analy-
sis, so studies were grouped into regions of Europe, 
North America, Asia, and other. Metaregression showed 
that in studies comprising cohorts from Asia, participants 
were more likely to be male in the genetic and gene-
specific cohorts, compared with the proportions from all 
geographic regions combined (Results in the Supple-
mental Material and Table S18). In the general DCM 
cohort, studies that comprised participants from North 
America showed a higher proportion of female patients 
compared with the proportions from all geographic re-
gions combined (Results in the Supplemental Material 
and Table S18). Heterogeneity decreased in the genetic 
and gene-specific cohorts upon region-specific analyses.

UK Biobank Sex-Specific Expression of 
Genotypic and Phenotypic Traits
We sought to examine whether the imbalanced sex ra-
tio observed in DCM cases could, in part, be driven by 
heterogeneity in the diagnostic criteria, and specifically 

the use of non–sex-specific diagnostic imaging criteria. 
Of 47 549 UK Biobank participants with available data 
(chamber volumes and ejection fraction) from CMR, 
55 (0.12%) had an ICD-10 diagnosis of DCM, 10 of 
whom were female (18.18%; M:F 4.5:1; Figure 2). When 
a sex-specific imaging-phenotype label was applied to 
the cohort, 377 participants (0.79%) were identified as 
meeting the criteria for phenotypic DCM, 139 of whom 
were female (36.9%; M:F 1.7:1; Figure 2).

We then applied a genotype-first approach to examine 
the proportion of male and female variant carriers who 
manifest DCM defined either by ICD-10 code or by an 
imaging-defined phenotype: 190 participants (0.4%) 
were found to be carriers of a pathogenic or likely patho-
genic variant (Methods in the Supplemental Material). Of 
these, 8 (4%) had an ICD-10 diagnosis of DCM, and 
all 8 were male. When a sex-specific imaging-phenotype 
label for DCM was used in place of an ICD-10 code, 13 
of 190 pathogenic or likely pathogenic variant carriers 
(7%) were identified, 4 of whom were female (31%; M:F 
2.3:1; Figure 2).

DISCUSSION
This study systematically evaluated the sex ratio for DCM 
defined by the presence and absence of monogenic 
variants evaluated as causative. Between all-cause, ge-
netic, and gene-elusive DCM cohorts, a consistent M:F 
of ≈2.2:1 was observed. The observed sex imbalance 
partially corrects on implementing sex-specific diagnos-
tic criteria, suggesting that DCM may not be adequately 
detected in female patients, potentially leading to un-
derdiagnosis. However, the sex imbalance does not fully 
correct. This supports that DCM may be subject to sex-
specific penetrance for those at genetic risk, subject to 
biologic and environmental factors that increase the risk 
of DCM diagnosis in male patients in all-cause DCM, or 
diagnosed more frequently or earlier in men regardless 
of subgroup.

Diagnostic criteria for DCM are sex agnostic. 
Increased clinical vigilance is required to diagnose DCM 
in female patients across the disease spectrum, and 
the application of sex-specific DCM diagnostic criteria 
should be considered. A potential explanation for the sex 
imbalance is that female patients with DCM are underdi-
agnosed compared with their male counterparts due to 
conservative diagnostic thresholds. Our interrogation of 
the UK Biobank data partially validated this observation 
in the general population. Using sex-stratified imaging 
criteria and a phenotype-first approach to diagnosis, the 
male to female imbalance declined from 4.5:1 to 1.7:1. 
In addition, those with pathogenic or likely pathogenic 
variants in DCM genes in the UK Biobank who had a 
diagnosis of DCM were all male, but when sex-stratified 
imaging criteria were applied, 4 female patients and 1 
additional male patient were identified. LVEF is known 

Table 3.  Comparative Metaregression Results

Comparison and output Estimate
Standard 
error P value

General versus genetic

 � Intercept −0.8668 0.0484 <0.0001

 � Genetic variance 0.0711 0.1247 0.57

Genetic versus reduced genetic

 � Intercept −0.8021 0.1323 <0.0001

 � Reduced genetic variance −0.0463 0.2338 0.84

Reduced genetic versus gene-elusive

 � Intercept −0.8492 0.1952 <0.0001

 � Gene-elusive variance 0.0135 0.2690 0.96

General versus gene-elusive

 � Intercept −0.8667 0.0481 <0.0001

 � Gene-elusive variance 0.0373 0.1637 0.82

General versus gene-specific

 � Intercept −0.8671 0.0490 <0.0001

 � Gene-specific variance 0.1709 0.1291 0.19

General versus LMNA and TTNtv

 � Intercept −0.8669 0.0485 <0.0001

  �LMNA variance 0.2163 0.2649 0.41

  �TTNtv variance −0.0385 0.1697 0.82
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to be higher in female patients compared with male 
patients in the healthy population, yet these differences 
are not accounted for in disease.132 In addition, LVEF may 
not adequately reflect contractile dysfunction in female 
patients, and the evaluation of sex-specific approaches 
to DCM diagnosis remains a major unmet need.

The sex-stratified imaging criteria we applied are 
based on sex-specific reference ranges of CMR indexed 
values for left ventricular dilation and function.25 Inter-
national guidelines (eg, European Society of Cardiology 
20162) recommend diagnosing DCM on the basis of left 
ventricular dilation and impaired function, with dilation 
defined as >2 SD from normal corrected to body surface 
area and sex, and do not recommend a specific LVEF 
cutoff (eg, <45%). Whereas sex-specific criteria are not 
widely taken up in clinical practice, they are in line with 
these clinical guidelines to diagnose DCM. Despite this, 
sex-specific diagnostic imaging criteria are not applied 
in clinical practice (eg, the UK Biobank population study 

demonstrated that more male patients were being diag-
nosed with DCM on the basis of ICD-10 codes). We 
showed that if we take a genotype-first approach and 
then apply sex-specific diagnostic criteria (derived and 
implemented on the basis of published normal ranges), 
we could potentially diagnose more women with DCM. 
The novelty of this work is the demonstration of the 
potential utility of these sex-specific diagnostic criteria. 
The AD gene-specific DCM of 1.98:1 M:F could also be 
explained by genetic and environmental modifiers influ-
encing the penetrance or expressivity of DCM genetic 
variants in a sex-specific manner. There are a multitude 
of genes (eg, in the immune system) that are differ-
entially expressed between male and female patients, 
which could be influencing the phenotypic manifestation 
of genetic DCM (eg, TLR7).133–135 In addition, the dif-
ferentially expressed sex hormones between male and 
female patients could also affect genetic DCM suscepti-
bility. Female patients experience a unique reproductive 

Figure 5. Forest plot of reduced genetic and gene-elusive cohorts.
This figure displays the proportions for the genetic and gene-elusive dilated cardiomyopathy (DCM) cohorts derived from the 10 studies that described 
both populations. The individual study and pooled proportions are provided. The gene-elusive cohort proportion was 0.30 (95% CI, 0.24–0.37) and the 
reduced genetic proportion was 0.30 (95% CI, 0.21–0.40; Table 2). The asterisk next to the study’s identifier indicates the inclusion of familial patients 
with DCM. The diamond’s center represents the pooled proportion, and the width represents the 95% CI. RE indicates random effects.
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Figure 6. Forest plot of the gene-specific dilated cardiomyopathy cohort.
This figure displays the inverse-logit proportions of female participants with dilated cardiomyopathy (DCM) of the autosomal dominant genetic 
DCM cohort. The pooled proportion was found to be 0.34 (95% CI, 0.28–0.40; Table 2). The data are divided by gene, with certain studies falling 
under multiple genes. The total number of study participants included in each gene group is provided. The asterisk next to the study author and 
year indicates familial patients with DCM are present within the study’s cohort. The center of the diamond indicates the pooled proportion, and the 
width represents the 95% CI. RE indicates random effects.
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lifespan from menarche to menopause, and, for some, 
during pregnancy and its complications. The average age 
at onset of DCM is 40 to 50 years, which for women is 
commonly premenopausal. In vivo studies highlight the 
protective effects of estrogen on the cardiac phenotype, 
reducing hypertrophy, cardiac apoptosis, and inflam-
mation.136 The premenopausal state may putatively be 
protective for female patients with at-risk DCM variants, 
which could be reducing the phenotypic manifestation of 
DCM or leading to a milder DCM phenotype that is unde-
tected, but this requires further evaluation.

On the contrary, the higher levels of testosterone in 
male patients could contribute to male genetic DCM sus-
ceptibility. One of the major environmental risk factors for 
DCM is infection, specifically due to its role in the devel-
opment of myocarditis.2 Male individuals are more prone 
to severe infections because the anti-inflammatory nature 
of testosterone leads to a reduced immune response.137 
Furthermore, certain DCM-associated genes, including 
BAG3, DSP, and SCN5A, have been associated with 
myocarditis and increased cardiomyopathy predisposi-
tion after infection.4,138 The combinatorial effect of the 
environmental and genetic risk factors could be contrib-
uting to an increased susceptibility to development of the 
DCM phenotype or to a more severe phenotype in male 
patients, leading to the observed male preponderance 
of genetic DCM. However, the influence of sex-specific 
environmental factors requires further investigation.

Another potential factor influencing the observed sex 
ratio could be the variant-carrying gene. The described 
AD gene-specific cohort is dominated by patients who 
carry TTN and LMNA causative DCM variants, with TTN 
alone contributing 77% of the cohort (Table 1). This is not 
unexpected, as TTN is the most common causative gene 
for DCM.9 However, it is possible that DCM attributed 
to TTN variants has a male preponderance, and that the 
other less-represented genes exhibit different sex ratios 
that are being masked. It has been reported that DSP car-
diomyopathy has a female preponderance,139,140 but the 
influence of this gene is not observed here due to the low 
inclusion of patients with DSP variants. Other genes, such 
as PLN, have been reported as having sex ratios much 
closer to 0.5.141 Specific gene studies had significant vari-
ance in sample sizes, which prevented a meaningful com-
parison of the sex ratios for the different included genes 
and indicates a need for further investigation.

Overall, the meta-analysis found that the sex ratio of 
AD genetic DCM is not 1:1, but that the sex incidence 
rate of DCM of ≈2.2:1 M:F remains relatively consistent 
across the different subtypes. These findings are novel 
and expand upon previous research by systematically 
establishing the sex ratio in DCM in an effort to improve 
our understanding of who is at risk of developing DCM. 
Conclusively establishing that male patients are at higher 
risk of getting a DCM diagnosis (and that female patients 
are at a lower risk) despite an equally prevalent genetic 

risk sets the foundation for future work evaluating the 
factors that underpin these sex biases.

Limitations
This study has directly expanded upon the published lit-
erature by determining a systematic novel sex ratio for 
genetic DCM, giving the ratio increased reliability and 
generalizability compared with published ratios gener-
ated from single or small groups of cohorts, but there 
are potential limitations to this analysis. It is possible that 
fewer female patients participated in the included stud-
ies, but this possibility is countered by the exclusion of 
studies with a risk of bias from retrospective enrollment 
not significantly influencing the pooled proportion (Table 
S5). Although the influence of retrospective enrollment 
bias was assessed and determined to not have a signifi-
cant effect, the inclusion of articles with this bias means 
the calculated proportion does not represent a fully con-
secutive cohort. Referral bias may have also contributed 
to the observed findings; however, given that female pa-
tients with DCM have a milder phenotype,142 one may 
have expected more female patients to survive to be 
referred to specialist academic centers, where many of 
these cohorts were enrolled; this would have skewed the 
distribution to favor more female patients. It is equally 
possible that more severely affected male patients with 
DCM would be more likely to be referred to specialist cen-
ters. Whereas this referral bias may have influenced the 
results of the meta-analysis, it is unlikely to have affected 
the population study, where the male preponderance was 
also replicated. The various meta-analysis cohorts were 
also determined to have significant levels of heteroge-
neity, as indicated by the likelihood ratio test P value of 
<0.0001 and the I2 values >50% (Tables S8–S12). Al-
though for most types of meta-analyses significant het-
erogeneity reduces the reliability of the conclusions, it 
is an expected result for meta-analyses of prevalence 
values due to temporal and geographic differences be-
tween the included studies.143 To assess the influence of 
temporal and geographic differences, metaregressions 
were performed that compared the proportions of female 
participants by potential influences. Across potential in-
fluencing factors, including ancestry, age, diagnostic cri-
teria across time periods, genetic testing methodology, 
and geographic location, none of the factors appeared to 
have had a major influence on the high levels of hetero-
geneity seen in the described cohorts (I2>50%; Tables 
S14–S18). However, some of the factors appeared to 
have an influence for certain subgroups, particularly for 
the genetic and gene-specific subgroups. The analy-
sis found that heterogeneity decreased for Asian eth-
nicity, post-2016 patient recruitment, and all location 
subgroups in the gene-specific DCM cohort (I2<50%), 
suggesting that ancestry and geographic location 
may modify sex-biased penetrance in genetic DCM. A 
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decreased level of heterogeneity was also observed for 
the gene-elusive cohort when specifically looking at co-
horts where the average age was <50 years (I2<50%; 
Table S17). However, these cohorts had smaller numbers 
of articles included in the groups compared with some 
of the other subgroups, which could potentially account 
for the observed reduction in heterogeneity. In addition, 
not every DCM-associated gene had data that could 
be individually analyzed, leading the assembled cohort 
to not fully represent the scope of AD genetic DCM.9,14 
Metaregressions according to patient characteristics (eg, 
age, diagnostic criteria) are performed on the basis of 
study or group-level information. They indicate whether 
sex ratio differs according to these characteristics at the 
group level (ie, they are an ecologic analysis and should 
be interpreted as such). Individual patient meta-analyses 
would make analyses at the individual level possible and 
improve statistical power to detect differences in sex 
ratio according to patient characteristics. The genera-
tion of the AD genetic cohort was limited by a shortage 
of published articles that assessed large DCM patient 
cohorts on a gene-specific level, which led to the ab-
sence of patients with TNNC1 and SCN5A variants in 
our generated cohort and prevented the comparison of 
sex ratios at the gene level for many DCM genes (eg, 
BAG3, DSP). In addition, the clinical diagnosis criteria for 
DCM has become progressively broader in recent years 
(after 2016), with less stringent criteria for left ventricu-
lar impairment.2,144,145 Older articles will only report par-
ticipants who had a more severe phenotype, potentially 
influencing the pooled proportion because a more severe 
DCM phenotype is reportedly more frequent in male pa-
tients,146,147 although our sensitivity analyses showed that 
more male patients were diagnosed with genetic DCM 
even in the presence of broader diagnostic criteria after 
2016. In the population study, sex-specific imaging di-
agnostic criteria did not fully mitigate the sex imbalance, 
together suggesting that the male preponderance is not 
just due to how DCM is diagnosed. Many of the articles 
also did not report the minimum age requirement for their 
cohorts, so the cohort used for this investigation cannot 
be definitively described as >18 years. The main pattern 
of inheritance for pediatric genetic DCM is autosomal 
recessive, so the inclusion of these patients could shift 
the pooled proportion.148 The influence of this popula-
tion was minimized by all the included populations having 
average ages >18 years. With respect to the popula-
tion study, whereas efforts have been made to exclude 
individuals from the UK Biobank data with peripartum 
or ischemic cardiomyopathy in defining our DCM label, 
the use of ICD codes is limited in terms of specificity. 
Peripartum cardiomyopathy will predominantly affect fe-
male participants and could have potentially biased our 
results toward a higher proportion of female patients. 
Peripartum cardiomyopathy is a distinct clinical entity to 
DCM, although with a shared genetic predisposition.149 

We did not enrich our study for peripartum cardiomyopa-
thy and we consistently see male preponderance across 
subgroups, therefore this is unlikely to account for the 
observed sex distribution. A proportion of women with 
DCM present during the peripartum period. It is likely that 
these women are underrepresented in disease cohorts 
related to underuse of genetic testing and the previously 
held beliefs that peripartum cardiomyopathy is an ac-
quired rather than genetic disease.

Future Directions
To further characterize the sex ratio of genetic DCM, an 
assessment of the prevalence of pathogenic DCM vari-
ants compared with the manifestation of the DCM phe-
notype in other diverse populations is needed. This could 
be complemented by taking a genotype-first approach 
to a systematic review and meta-analysis, as compared 
with the clinical phenotype-first approach taken in this 
investigation. A genotype-first or population-ascertained 
approach may permit a more direct quantification of pen-
etrance, perhaps without the ascertainment bias and in-
fluence of sex-biased categorical cut-offs in LVEF and 
volumes. An equal sex ratio for AD genetic DCM when 
assessed from a genotype-first approach would impli-
cate underdiagnosis of DCM in female patients as the 
influencing factor for the unequal sex ratio observed in 
this investigation. This could indicate that the diagnostic 
criteria are insufficient for diagnosis in female patients 
and require reevaluation. Another potential avenue for 
future research is to compare the genetic architecture of 
PPCM (genetic testing is underused in PPCM) with the 
genetic architecture in female patients with DCM to eval-
uate sex-biased penetrance in DCM-associated genes. 
Determining why AD genetic DCM is manifesting at dif-
ferent rates for male and female patients would allow 
clinicians to better predict who is at risk for developing 
the condition and could potentially allow the condition to 
be modified, ultimately reducing the burden of DCM on 
patients and the health care system alike.

CONCLUSIONS
The results of this investigation demonstrated a consis-
tent ≈2.2:1 M:F for DCM. Even in a population that exclu-
sively contained patients with DCM attributed to AD P/
LP variants, the sex ratio was 1.98:1 male to female. This 
population should be characterized by equal sex preva-
lence, yet the preponderance of DCM in male patients 
remained. Sex-stratified imaging diagnosis partly reduc-
es the imbalance but does not eliminate it, suggesting 
underdiagnosis in female patients may be a contributory 
factor but not a complete explanation and that there are 
persistent sex imbalances in DCM disease penetrance. 
Future studies should be targeted to define the factors 
underpinning this finding.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 15, 2025

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.124.070872


ORIGINAL RESEARCH 
ARTICLE

Circulation. 2025;151:442–459. DOI: 10.1161/CIRCULATIONAHA.124.070872� February 18, 2025 455

Bergan et al Establishing the Sex Ratio in DCM

ARTICLE INFORMATION
Received June 7, 2024; accepted January 8, 2025.

Affiliations
National Heart Lung Institute, Imperial College London, UK (N.B., L.C., K.A.M., 
B.P.H., J.S.W., U.T.). Biomedical Image Analysis Group, Department of Computing 
(W.B.), Department of Brain Sciences (W.B.), and Institute of Clinical Sciences 
(D.P.O.), Imperial College Healthcare NHS Trust, London, UK (J.S.W.). MRC Labo-
ratory of Medical Sciences, London, UK (K.A.M., C.L., A.d.M., D.P.O., J.S.W.). Royal 
Brompton & Harefield Hospitals, Guy’s and St Thomas’ NHS Foundation Trust, 
London, UK (I.P., B.P.H., J.S.W., U.T.). London School of Hygiene and Tropical Medi-
cine, UK (J.G.). Department of Women and Children’s Health and British Heart 
Foundation Centre of Research Excellence, School of Cardiovascular and Meta-
bolic Medicine and Sciences, King’s College London, UK (A.d.M.). The George 
Institute for Global Health, UK (U.T.).

Acknowledgments
This research was conducted using the UK Biobank resource (National Research 
Ethics Service, 11/NW/0382). This study was conducted under the terms of ac-
cess of projects 40616 and 47602. The views expressed in this work are those 
of the authors and not necessarily those of the funders. For the purpose of open 
access, the authors have applied a creative commons attribution (CC-BY) license 
to any author held version at acceptance.

Sources of Funding
This work is supported by the Medical Research Council (grants MR/
W023830/1 and MC_UP_1605/13), National Institute for Health Research 
Imperial Biomedical Research Centre, the British Heart Foundation (grants 
SP/17/11/32885, PG/19/6/34387, RE/18/4/34215, RG/19/6/34387, FS/
IPBSRF/22/27059, RE/24/130023, and CH/P/23/80008), and Sir Jules 
Thorn Charitable Trust (grant 21JTA). Drs Ware and O’Regan are supported 
by CureHeart, the British Heart Foundation’s Big Beat Challenge award (grant 
BBC/F/21/220106). Dr Halliday is supported by the British Heart Foundation 
(grant FS/ICRF/21/26019) and Rosetrees Trust. Dr de Marvao is supported by 
the Fetal Medicine Foundation (grant 495237). The funders did not have a role in 
the study design; in the collection, analysis, or interpretation of data; in the writing 
of the report; or in the decision to submit the article for publication.

Disclosures
Dr Tayal is a Freelance Research Editor at the British Medical Journal. Dr Tayal 
has received fees for educational content from Chiesi Medical and is a com-
mittee member of the British Cardiovascular Society and Royal Society. Dr 
Ware has consulted for MyoKardia, Inc, Pfizer, Foresite Labs, Health Lumen, 
and Tenaya Therapeutics, and receives research support from Bristol Myers 
Squibb. None of these activities is directly related to the work presented here. 
Dr O’Regan has consulted for Bayer AG and Bristol Myers-Squibb, is a com-
mittee member of the Society for Cardiovascular Magnetic Resonance, and has 
a patent pending for deep learning cardiac motion analysis for survival predic-
tion in heart failure (Imperial Innovations; assignee; US20210350179A1). Dr 
Halliday has received honoraria from AstraZeneca. Dr de Marvao is a trustee 
of the Royal Brompton and Harefield Charity. Dr Lu received payment from 
OutSee Limited. The other authors declare no competing interests. There are 
no other relationships or activities that could appear to have influenced the 
submitted work.

Supplemental Material
Methods
Results
Tables S1–S18
Figures S1–S4
References 151–152

REFERENCES
	 1.	 Weintraub RG, Semsarian C, Macdonald P. Dilated cardiomyopathy. Lancet. 

2017;390:400–414. doi: 10.1016/S0140-6736(16)31713-5
	 2.	 Pinto YM, Elliott PM, Arbustini E, Adler Y, Anastasakis A, Böhm M, Duboc 

D, Gimeno J, de Groote P, Imazio M, et al. Proposal for a revised definition 
of dilated cardiomyopathy, hypokinetic non-dilated cardiomyopathy, and its 
implications for clinical practice: a position statement of the ESC working 
group on myocardial and pericardial diseases. Eur Heart J. 2016;37:1850–
1858. doi: 10.1093/eurheartj/ehv727

	 3.	 Hershberger RE, Hedges DJ, Morales A. Dilated cardiomyopathy: the com-
plexity of a diverse genetic architecture. Nat Rev Cardiol. 2013;10:531–547. 
doi: 10.1038/nrcardio.2013.105

	 4.	 Jain A, Norton N, Bruno KA, Cooper LT Jr, Atwal PS, Fairweather D. Sex dif-
ferences, genetic and environmental influences on dilated cardiomyopathy. 
J Clin Med Res. 2021;10:2289. doi: 10.3390/jcm10112289.

	 5.	 McGurk KA, Zhang X, Theotokis P, Thomson K, Harper A, Buchan RJ, 
Mazaika E, Ormondroyd E, Wright WT, Macaya D, et al. The penetrance of 
rare variants in cardiomyopathy-associated genes: a cross-sectional ap-
proach to estimating penetrance for secondary findings. Am J Hum Genet. 
2023;110:1482–1495. doi: 10.1016/j.ajhg.2023.08.003

	 6.	 Tayal U, Ware JS, Lakdawala NK, Heymans S, Prasad SK. Understanding 
the genetics of adult-onset dilated cardiomyopathy: what a clinician needs to 
know. Eur Heart J. 2021;42:2384–2396. doi: 10.1093/eurheartj/ehab286

	 7.	 Reichart D, Magnussen C, Zeller T, Blankenberg S. Dilated cardiomyopathy: 
from epidemiologic to genetic phenotypes: a translational review of current 
literature. J Intern Med. 2019;286:362–372. doi: 10.1111/joim.12944

	 8.	 McNally EM, Golbus JR, Puckelwartz MJ. Genetic mutations and mecha-
nisms in dilated cardiomyopathy. J Clin Invest. 2013;123:19–26. doi: 
10.1172/JCI62862

	 9.	 Jordan E, Peterson L, Ai T, Asatryan B, Bronicki L, Brown E, Celeghin 
R, Edwards M, Fan J, Ingles J, et al. Evidence-based assessment of 
genes in dilated cardiomyopathy. Circulation. 2021;144:7–19. doi: 
10.1161/CIRCULATIONAHA.120.053033

	10.	 Tayal U, Newsome S, Buchan R, Whiffin N, Halliday B, Lota A, Roberts A, 
Baksi AJ, Voges I, Midwinter W, et al. Phenotype and clinical outcomes 
of titin cardiomyopathy. J Am Coll Cardiol. 2017;70:2264–2274. doi: 
10.1016/j.jacc.2017.08.063

	11.	 Johnson NA, Lachance J. The genetics of sex chromosomes: evolution and 
implications for hybrid incompatibility. Ann N Y Acad Sci. 2012;1256:E1–22. 
doi: 10.1111/j.1749-6632.2012.06748.x

	12.	 Regitz-Zagrosek V, Gebhard C. Gender medicine: effects of sex and gen-
der on cardiovascular disease manifestation and outcomes. Nat Rev Cardiol. 
2023;20:236–247. doi: 10.1038/s41569-022-00797-4

	13.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. doi: 10.1136/bmj.n71

	14.	 Josephs KS, Roberts AM, Theotokis P, Walsh R, Ostrowski PJ, Edwards M, 
Fleming A, Thaxton C, Roberts JD, Care M, et al. Beyond gene-disease 
validity: capturing structured data on inheritance, allelic requirement, disease-
relevant variant classes, and disease mechanism for inherited cardiac condi-
tions. Genome Med. 2023;15:86. doi: 10.1186/s13073-023-01246-8

	15.	 Dang H, Ye Y, Zhao X, Zeng Y. Identification of candidate genes in ischemic 
cardiomyopathy by gene expression omnibus database. BMC Cardiovasc 
Disord. 2020;20:320. doi: 10.1186/s12872-020-01596-w

	16.	 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. 
The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. 2000. https://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp

	 17.	 Sohani ZN, Meyre D, de Souza RJ, Joseph PG, Gandhi M, Dennis BB, 
Norman G, Anand SS. Assessing the quality of published genetic associa-
tion studies in meta-analyses: the quality of genetic studies (Q-Genie) tool. 
BMC Genet. 2015;16:50. doi: 10.1186/s12863-015-0211-2

	18.	 Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody WW, 
Hegde M, Lyon E, Spector E, et al; ACMG Laboratory Quality Assurance 
Committee. Standards and guidelines for the interpretation of sequence 
variants: a joint consensus recommendation of the American College of 
Medical Genetics and Genomics and the Association for Molecular Pathol-
ogy. Genet Med. 2015;17:405–424. doi: 10.1038/gim.2015.30

	19.	 PositTeam. RStudio: Integrated Development for R [Internet]. 2022. Ac-
cessed August 10, 2023. http://www.posit.co 

	20.	 McGuinness LA, Higgins JPT. Risk-of-Bias Visualization (robvis): an R pack-
age and Shiny web app for visualizing risk-of-bias assessments. Res Synth 
Methods. 2021;12:55–61. doi: 10.1002/jrsm.1411

	21.	 McGuinness LA. Risk of bias plots. In: Harrer M, Cuijpers P, Furukawa TA, 
Ebert DD. Doing Meta-Analysis with R: A Hands-On Guide. 2021. https://
bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/risk-of-bias-
plots

	22.	 Bai W, Sinclair M, Tarroni G, Oktay O, Rajchl M, Vaillant G, Lee AM, Aung N, 
Lukaschuk E, Sanghvi MM, et al. Automated cardiovascular magnetic reso-
nance image analysis with fully convolutional networks. J Cardiovasc Magn 
Reson. 2018;20:65. doi: 10.1186/s12968-018-0471-x

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 15, 2025

https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.posit.co
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/risk-of-bias-plots
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/risk-of-bias-plots
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/risk-of-bias-plots


OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TIC
LE

February 18, 2025� Circulation. 2025;151:442–459. DOI: 10.1161/CIRCULATIONAHA.124.070872456

Bergan et al Establishing the Sex Ratio in DCM

	23.	 Curran L, de Marvao A, Inglese P, McGurk KA, Schiratti P-R, Clement A, 
Zheng SL, Li S, Pua CJ, Shah M, et al. Genotype-phenotype taxonomy of 
hypertrophic cardiomyopathy. Circ Genom Precis Med. 2023;16:e004200. 
doi: 10.1161/CIRCGEN.123.004200

	24.	 de Marvao A, McGurk KA, Zheng SL, Thanaj M, Bai W, Duan J, Biffi C, 
Mazzarotto F, Statton B, Dawes TJW, et al. Phenotypic expression and out-
comes in individuals with rare genetic variants of hypertrophic cardiomyopa-
thy. J Am Coll Cardiol. 2021;78:1097–1110. doi: 10.1016/j.jacc.2021.07.017

	25.	 Kawel-Boehm N, Hetzel SJ, Ambale-Venkatesh B, Captur G, Francois 
CJ, Jerosch-Herold M, Salerno M, Teague SD, Valsangiacomo-Buechel E, 
van der Geest RJ, et al. Reference ranges (“normal values”) for cardiovas-
cular magnetic resonance (CMR) in adults and children: 2020 update. J 
Cardiovasc Magn Reson. 2020;22:87. doi: 10.1186/s12968-020-00683-3

	26.	 Viechtbauer W. Conducting meta-analyses in R with the metafor package. J 
Stat Softw. 2010;36:1–48.

	 27.	 Viechtbauer W. Comparing estimates of independent meta-analyses or 
subgroups: the metafor package: a meta-analysis package for R. 2023. 
Accessed August 10, 2023. https://www.metafor-project.org/doku.php/
tips:comp_two_independent_estimates 

	28.	 Viechtbauer W. Forest plot with subgroups: the metafor package: a meta-
analysis package for R. 2022. Accessed August 10, 2023. https://www.
metafor-project.org/doku.php/plots:forest_plot_with_subgroups 

	29.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7:177–188. doi: 10.1016/0197-2456(86)90046-2

	30.	 Lin L, Chu H. Meta-analysis of proportions using general-
ized linear mixed models. Epidemiology. 2020;31:713–717. doi: 
10.1097/EDE.0000000000001232

	31.	 Chen K, Cheng Y, Berkout O, Lindhiem O. Analyzing proportion scores as 
outcomes for prevention trials: a statistical primer. Prev Sci. 2017;18:312–
321. doi: 10.1007/s11121-016-0643-6

	32.	 Dryden IL. Shapes package, version 1.2.7. 2021. Accessed August 20, 
2023. https://cran.r-project.org/package=shapes 

	33.	 Akhtar MM, Lorenzini M, Cicerchia M, Ochoa JP, Hey TM, Sabater Molina 
M, Restrepo-Cordoba MA, Dal Ferro M, Stolfo D, Johnson R, et al. Clini-
cal phenotypes and prognosis of dilated cardiomyopathy caused by trun-
cating variants in the TTN gene. Circ Heart Fail. 2020;13:e006832. doi: 
10.1161/CIRCHEARTFAILURE.119.006832

	34.	 Akinrinade O, Ollila L, Vattulainen S, Tallila J, Gentile M, Salmenpera P, 
Koillinen H, Kaartinen M, Nieminen MS, Myllykangas S, et al. Genetics and 
genotype-phenotype correlations in Finnish patients with dilated cardiomy-
opathy. Eur Heart J. 2015;36:2327–2337. doi: 10.1093/eurheartj/ehv253

	35.	 Arvanitis DA, Sanoudou D, Kolokathis F, Vafiadaki E, Papalouka V, 
Kontrogianni-Konstantopoulos A, Theodorakis GN, Paraskevaidis IA, 
Adamopoulos S, Dorn IGW, et al. The Ser96Ala variant in histidine-rich 
calcium-binding protein is associated with life-threatening ventricular ar-
rhythmias in idiopathic dilated cardiomyopathy. Eur Heart J. 2008;29:2514–
2525. doi: 10.1093/eurheartj/ehn328

	36.	 Badorff C, Noutsias M, Kühl U, Schultheiss HP. Cell-mediated cytotoxicity in 
hearts with dilated cardiomyopathy: correlation with interstitial fibrosis and 
foci of activated T lymphocytes. J Am Coll Cardiol. 1997;29:429–434. doi: 
10.1016/s0735-1097(96)00475-5

	 37.	 Begay RL, Graw S, Sinagra G, Merlo M, Slavov D, Gowan K, Jones KL, 
Barbati G, Spezzacatene A, Brun F, et al. Role of titin missense variants 
in dilated cardiomyopathy. J Am Heart Assoc. 2015;4:e002645. doi: 
10.1161/JAHA.115.002645 

	38.	 Biagi DG, Mill JG, Mansur AJ, Krieger JE, Pereira AC. A negative screen for 
mutations in calstabin 1 and 2 genes in patients with dilated cardiomyopa-
thy. J Negat Results Biomed. 2012;11:4. doi: 10.1186/1477-5751-11-4

	39.	 Brownrigg JRW, Leo V, Rose J, Low E, Richards S, Carr-White G, Elliott 
PM. Epidemiology of cardiomyopathies and incident heart failure in 
a population-based cohort study. Heart. 2022;108:1383–1391. doi: 
10.1136/heartjnl-2021-320181

	40.	 Cannata A, Merlo M, Dal Ferro M, Barbati G, Manca P, Paldino A, Graw 
S, Gigli M, Stolfo D, Johnson R, et al. Association of titin variations with 
late-onset dilated cardiomyopathy. JAMA Cardiol. 2022;7:371–377. doi: 
10.1001/jamacardio.2021.5890

	41.	 Chen FF, Xia YL, Xu CQ, Li SS, Zhao YY, Wang XJ, Chen SS, Gao LJ, 
Zhong Y, Tu X, et al. Common variant rs7597774 in ADD2 is associated 
with dilated cardiomyopathy in Chinese Han population. Int J Clin Exp Med. 
2015;8:1188–1196.

	42.	 Dal Ferro M, Stolfo D, Altinier A, Gigli M, Perrieri M, Ramani F, Barbati G, 
Pivetta A, Brun F, Monserrat L, et al. Association between mutation status 
and left ventricular reverse remodelling in dilated cardiomyopathy. Heart. 
2017;103:1704–1710. doi: 10.1136/heartjnl-2016-311017

	43.	 Gigli M, Merlo M, Graw SL, Barbati G, Rowland TJ, Slavov DB, Stolfo D, 
Haywood ME, Ferro MD, Altinier A, et al. Genetic risk of arrhythmic 
phenotypes in patients with dilated cardiomyopathy. J Am Coll Cardiol. 
2019;74:1480–1490. doi: 10.1016/j.jacc.2019.06.072

	44.	 Gimeno JR, Tavazzi L, Tendera M, Kaski JP, Maggioni AP, Rubis PP, 
Calo L, Laroche C, Caforio ALP, Komissarova S, et al. Differences be-
tween familial and sporadic dilated cardiomyopathy: ESC EORP 
Cardiomyopathy & Myocarditis registry. ESC Heart Fail. 2021;8:95–
105. doi: 10.1002/ehf2.13100

	45.	 Gong H, Lyu X, Dong L, Tan S, Li S, Peng J, Liu Y, Zhang X. Obstructive sleep 
apnea impacts cardiac function in dilated cardiomyopathy patients through 
circulating exosomes. Front Cardiovasc Med. 2022;9:699764. doi: 10.3389/
fcvm.2022.699764

	46.	 Grunig E, Benz A, Mereles D, Unnebrink K, Kucherer H, Haass M, Kubler 
W, Katus HA. Prognostic value of serial cardiac assessment and famil-
ial screening in patients with dilated cardiomyopathy. Eur J Heart Fail. 
2003;5:55–62. doi: 10.1016/s1388-9842(02)00179-4

	 47.	 Grzybowski J, Bilińska ZT, Ruzyłło W, Kupść W, Michalak E, Szcześniewska 
D, Poplawska W, Rydlewska-Sadowska W. Determinants of prognosis 
in nonischemic dilated cardiomyopathy. J Card Fail. 1996;2:77–85. doi: 
10.1016/s1071-9164(96)80026-1

	48.	 Gu L, Jiang W, Zheng R, Yao Y, Ma G. Fibroblast growth factor 21 correlates 
with the prognosis of dilated cardiomyopathy. Cardiology. 2021;146:27–33. 
doi: 10.1159/000509239

	49.	 Guan S, Fang X, Hu X. Factors influencing the anxiety and depression of 
patients with dilated cardiomyopathy. Int J Clin Exp Med. 2014;7:5691–
5695.

	50.	 Herrmann SM, Schmidt-Petersen K, Pfeifer J, Perrot A, Bit-Avragim 
N, Eichhorn C, Dietz R, Kreutz R, Paul M, Osterziel KJ. A polymorphism 
in the endothelin-A receptor gene predicts survival in patients with idio-
pathic dilated cardiomyopathy. Eur Heart J. 2001;22:1948–1953. doi: 
10.1053/euhj.2001.2626

	51.	 Hey TM, Rasmussen TB, Madsen T, Aagaard MM, Harbo M, Molgaard 
H, Nielsen So K, Haas J, Meder B, Moller JE, et al. Clinical and ge-
netic investigations of 109 index patients with dilated cardiomyopa-
thy and 445 of their relatives. Circ Heart Fail. 2020;13:E006701. doi: 
10.1161/CIRCHEARTFAILURE.119.006701

	52.	 Huang GY, Gao H, Meng X, Yan Z, Kong X, Wang L. Related factors of 
dilated cardiomyopathy. J Geriatr Cardiol. 2009;6:87–90.

	53.	 Huggins GS, Kinnamon DD, Haas GJ, Jordan E, Hofmeyer M, Kransdorf 
E, Ewald GA, Morris AA, Owens A, Lowes B, et al; DCM Precision Medi-
cine Study of the DCM Consortium. Prevalence and cumulative risk of fa-
milial idiopathic dilated cardiomyopathy. JAMA. 2022;327:454–463. doi: 
10.1001/jama.2021.24674

	54.	 Hussain S, Haroon J, Ejaz S, Javed Q. Variants of resistin gene and the risk 
of idiopathic dilated cardiomyopathy in Pakistan. Meta Gene. 2016;9:37–
41. doi: 10.1016/j.mgene.2016.03.006

	55.	 Ichihara S, Yamada Y, Yokota M. Association of a G994->T missense mu-
tation in the plasma platelet-activating factor acetylhydrolase gene with 
genetic susceptibility to nonfamilial dilated cardiomyopathy in Japanese. 
Circulation. 1998;98:1881–1885. doi: 10.1161/01.cir.98.18.1881

	56.	 Jansweijer JA, Nieuwhof K, Russo F, Hoorntje ET, Jongbloed JDH, 
Lekanne Deprez RH, Postma AV, Bronk M, van Rijsingen IAW, de Haij S, 
et al. Truncating titin mutations are associated with a mild and treatable 
form of dilated cardiomyopathy. Eur J Heart Fail. 2017;19:512–521. doi: 
10.1002/ejhf.673

	 57.	 Juillière Y, Danchin N, Briançon S, Khalife K, Ethévenot G, Balaud A, 
Gilgenkrantz JM, Pernot C, Cherrier F. Dilated cardiomyopathy: long-term 
follow-up and predictors of survival. Int J Cardiol. 1988;21:269–277. doi: 
10.1016/0167-5273(88)90104-0

	58.	 Kuethe F, Sigusch HH, Hilbig K, Tresselt C, Gluck B, Egerer R, Figulla HR. 
Detection of viral genome in the myocardium: lack of prognostic and func-
tional relevance in patients with acute dilated cardiomyopathy. Am Heart J. 
2007;153:850–858. doi: 10.1016/j.ahj.2007.02.013

	59.	 Kuhl U, Lassner D, Pauschinger M, Gross UM, Seeberg B, Noutsias M, Poller 
W, Schultheiss HP. Prevalence of erythrovirus genotypes in the myocardium 
of patients with dilated cardiomyopathy. J Med Virol. 2008;80:1243–1251. 
doi: 10.1002/jmv.21187

	60.	 Li YD, Ji YT, Zhou XH, Li HL, Zhang HT, Zhang Y, Li JX, Xing Q, Zhang 
JH, Hong YF, et al. Significance of sarcomere gene mutation in patients 
with dilated cardiomyopathy. Genet Mol Res. 2015;14:11200–11210. doi: 
10.4238/2015.September.22.14

	61.	 Li C, Wang L, Li Y, Feng Z, Wang Q, Luo W. Common variants in the 
ARG1 gene contribute to the risk of dilated cardiomyopathy in the Han 

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 15, 2025

https://www.metafor-project.org/doku.php/tips:comp_two_independent_estimates
https://www.metafor-project.org/doku.php/tips:comp_two_independent_estimates
https://www.metafor-project.org/doku.php/plots:forest_plot_with_subgroups
https://www.metafor-project.org/doku.php/plots:forest_plot_with_subgroups
https://cran.r-project.org/package=shapes
10.3389/fcvm.2022.699764
10.3389/fcvm.2022.699764


ORIGINAL RESEARCH 
ARTICLE

Circulation. 2025;151:442–459. DOI: 10.1161/CIRCULATIONAHA.124.070872� February 18, 2025 457

Bergan et al Establishing the Sex Ratio in DCM

Chinese population. Genet Test Mol Biomarkers. 2020;24:584–591. doi: 
10.1089/gtmb.2020.0080

	62.	 Li S, Zeng X, Wang S, Xie X, Lan J. Association between MMP2 gene poly-
morphisms and dilated cardiomyopathy in a Chinese Han population. ESC 
Heart Fail. 2023;10:1793–1802. doi: 10.1002/ehf2.14333

	63.	 Liaquat A, Shauket U, Ahmad W, Javed Q. The tumor necrosis factor-alpha-
238G/A and IL-6-572G/C gene polymorphisms and the risk of idiopathic 
dilated cardiomyopathy: a meta-analysis of 25 studies including 9493 
cases and 13,971 controls. Clin Chem Lab Med. 2015;53:307–318. doi: 
10.1515/cclm-2014-0502

	64.	 Lin A, Yan WH, Xu HH, Tang LJ, Chen XF, Zhu M, Zhou MY. 14 bp deletion 
polymorphism in the HLA-G gene is a risk factor for idiopathic dilated car-
diomyopathy in a Chinese Han population. Tissue Antigens. 2007;70:427–
431. doi: 10.1111/j.1399-0039.2007.00926.x

	65.	 Liu C, Liang F, Li Y, Wang QL. Mutational analysis of GATA4 and NKX 2.5 
genes in dilated cardiomyopathy patients. Trop J Pharm Res. 2016;15:285–
292. doi: 10.4314/tjpr.v15i2.9

	66.	 Luk K, Bakhsh A, Giannetti N, Elstein E, Lathrop M, Thanassoulis G, 
Engert JC. Recovery in patients with dilated cardiomyopathy with loss-of-
function mutations in the titin gene. JAMA Cardiol. 2017;2:700–702. doi: 
10.1001/jamacardio.2017.0763

	 67.	 Magnusson Y, Levin MC, Eggertsen R, Nystrom E, Mobini R, Schaufelberger 
M, Andersson B. Ser49Gly of beta1-adrenergic receptor is associated with 
effective beta-blocker dose in dilated cardiomyopathy. Clin Pharmacol Ther. 
2005;78:221–231. doi: 10.1016/j.clpt.2005.06.004

	68.	 Mahon NG, Coonar AS, Jeffery S, Coccolo F, Akiyu J, Zal B, Houlston R, 
Levin GE, Baboonian C, McKenna WJ. Haemochromatosis gene muta-
tions in idiopathic dilated cardiomyopathy. Heart. 2000;84:541–547. doi: 
10.1136/heart.84.5.541

	69.	 Marume K, Noguchi T, Tateishi E, Morita Y, Miura H, Nishimura K, Ohta-Ogo 
K, Yamada N, Tsujita K, Izumi C, et al. Prognosis and clinical characteristics 
of dilated cardiomyopathy with family history via pedigree analysis. Circ J. 
2020;84:1284–1293. doi: 10.1253/circj.CJ-19-1176

	70.	 Mazzaccara C, Limongelli G, Petretta M, Vastarella R, Pacileo G, Bonaduce 
D, Salvatore F, Frisso G. A common polymorphism in the SCN5A gene is 
associated with dilated cardiomyopathy. J Cardiovasc Med (Hagerstown). 
2018;19:344–350. doi: 10.2459/JCM.0000000000000670

	71.	 Mazzarotto F, Tayal U, Buchan RJ, Midwinter W, Wilk A, Whiffin N, Govind R, 
Mazaika E, de Marvao A, Dawes TJW, et al. Reevaluating the genetic con-
tribution of monogenic dilated cardiomyopathy. Circulation. 2020;141:387–
398. doi: 10.1161/CIRCULATIONAHA.119.037661

	72.	 McKenna CJ, Codd MB, McCann HA, Sugrue DD. Alcohol consumption 
and idiopathic dilated cardiomyopathy: a case control study. Am Heart J. 
1998;135:833–837. doi: 10.1016/s0002-8703(98)70042-0

	73.	 Meder B, Ruhle F, Weis T, Homuth G, Keller A, Franke J, Peil B, Bermejo JL, 
Frese K, Huge A, et al. A genome-wide association study identifies 6p21 
as novel risk locus for dilated cardiomyopathy. Eur Heart J. 2014;35:1069–
1077. doi: 10.1093/eurheartj/eht251

	74.	 Meyer T, Ruppert V, Ackermann S, Richter A, Perrot A, Sperling SR, Posch 
MG, Maisch B, Pankuweit S; German Competence Network Heart Fail-
ure. Novel mutations in the sarcomeric protein myopalladin in patients 
with dilated cardiomyopathy. Eur J Hum Genet. 2013;21:294–300. doi: 
10.1038/ejhg.2012.173

	75.	 Miyamoto Y, Akita H, Shiga N, Takai E, Iwai C, Mizutani K, Kawai H, Takarada 
A, Yokoyama M. Frequency and clinical characteristics of dilated cardio-
myopathy caused by desmin gene mutation in a Japanese population. Eur 
Heart J. 2001;22:2284–2289. doi: 10.1053/euhj.2001.2836

	76.	 Mohananey A, Tseng AS, Julakanti RR, Gonzalez-Bonilla HM, Kruisselbrink 
T, Prochnow C, Rodman S, Lin G, Redfield MM, Rosenbaum AN, et al. 
An intervention strategy to improve genetic testing for dilated cardio-
myopathy in a heart failure clinic. Genet Med. 2023;25:100341. doi: 
10.1016/j.gim.2022.11.009.

	 77.	 Mollanoori H, Naderi N, Amin A, Hassani B, Shahraki H, Teimourian S. A 
novel human T17N-phospholamban variation in idiopathic dilated cardiomy-
opathy. Gene Rep. 2018;12:122–127. doi: 10.1016/j.genrep.2018.06.014

	78.	 Nguyen TV, Tran Vu MT, Phuong TN, Nga Tran TH, Do TH, Hanh Nguyen 
TM, Tran Huynh BN, Le LA, Nguyen Pham NT, Ai Nguyen TD, et al. Ge-
netic determinants and genotype-phenotype correlations in Vietnamese 
patients with dilated cardiomyopathy. Circ J. 2021;85:1469–1478. doi: 
10.1253/circj.CJ-21-0077

	79.	 Not T, Faleschini E, Tommasini A, Repetto A, Pasotti M, Baldas V, Spano A, 
Sblattero D, Marzari R, Campana C, et al. Celiac disease in patients with 
sporadic and inherited cardiomyopathies and in their relatives. Eur Heart J. 
2003;24:1455–1461. doi: 10.1016/s0195-668x(03)00310-5

	80.	 Paldino A, Dal Ferro M, Stolfo D, Gandin I, Medo K, Graw S, Gigli M, Gagno 
G, Zaffalon D, Castrichini M, et al. Prognostic prediction of genotype vs 
phenotype in genetic cardiomyopathies. J Am Coll Cardiol. 2022;80:1981–
1994. doi: 10.1016/j.jacc.2022.08.804

	81.	 Pawlak A, Gil RJ, Kulawik T, Pronicki M, Karkucinska-Wieogonekckowska A, 
Szymanska-Deogonekbinska T, Gil K, Lagwinski N, Czarnowska E. Type of 
desmin expression in cardiomyocytes: a good marker of heart failure devel-
opment in idiopathic dilated cardiomyopathy. J Intern Med. 2012;272:287–
297. doi: 10.1111/j.1365-2796.2012.02524.x

	82.	 Peng Y, Zhong X, Wang Y, Zhou B, Song Y, Su M, Li Z, Li Q, Rao L. Genetic 
association between polymorphisms of interleukin-32 and dilated cardiomy-
opathy in Chinese Han population. Dis Markers. 2022;2022:5946290. doi: 
10.1155/2022/5946290

	83.	 Piers S, Androulakis AFA, Yim K, Venlet J, Man SC, Zeppenfeld K. 
Non-sustained ventricular tachycardia in nonischemic dilated cardio-
myopathy: results from a nonischemic cardiomyopathy study. Europace. 
2020;22:i242.

	84.	 Pugh TJ, Kelly MA, Gowrisankar S, Hynes E, Seidman MA, Baxter SM, 
Bowser M, Harrison B, Aaron D, Mahanta LM, et al. The landscape of ge-
netic variation in dilated cardiomyopathy as surveyed by clinical DNA se-
quencing. Genet Med. 2014;16:601–608. doi: 10.1038/gim.2013.204

	85.	 Qu XK, Yuan F, Li RG, Xu L, Jing WF, Liu H, Xu YJ, Zhang M, Liu X, Fang 
WY, et al. Prevalence and spectrum of LRRC10 mutations associated with 
idiopathic dilated cardiomyopathy. Mol Med Rep. 2015;12:3718–3724. doi: 
10.3892/mmr.2015.3843

	86.	 Rani DS, Vijaya Kumar A, Nallari P, Sampathkumar K, Dhandapany PS, 
Narasimhan C, Rathinavel A, Thangaraj K. Novel mutations in beta-MYH7 
gene in Indian patients with dilated cardiomyopathy. CJC Open. 2022;4:1–
11. doi: 10.1016/j.cjco.2021.07.020

	 87.	 Rao RA, Kozaily E, Jawaid O, Sabra M, El-Am EA, Chaaya RGB, Woiewodski 
L, Elsemesmani H, Ramchandani J, Shah C, et al. Comparison of and fre-
quency of mortality, left ventricular assist device implantation, ventricular 
arrhythmias, and heart transplantation in patients with familial versus nonfa-
milial idiopathic dilated cardiomyopathy. Am J Cardiol. 2022;179:83–89. doi: 
10.1016/j.amjcard.2022.06.018

	88.	 Refaat MM, Lubitz SA, Makino S, Islam Z, Frangiskakis JM, Mehdi 
H, Gutmann R, Zhang ML, Bloom HL, MacRae CA, et al. Genetic 
variation in the alternative splicing regulator RBM20 is associated 
with dilated cardiomyopathy. Heart Rhythm. 2012;9:390–396. doi: 
10.1016/j.hrthm.2011.10.016

	89.	 Riad A, Meyer Zu Schwabedissen H, Weitmann K, Herda LR, Dorr M, Empen 
K, Kieback A, Hummel A, Reinthaler M, Grube M, et al. Variants of toll-like 
receptor 4 predict cardiac recovery in patients with dilated cardiomyopathy. 
J Biol Chem. 2012;287:27236–27243. doi: 10.1074/jbc.M112.369728

	90.	 Rodriguez G, Ueyama T, Ogata T, Czernuszewicz G, Tan Y, Dorn IGW, Bogaev 
R, Amano K, Oh H, Matsubara H, et al. Molecular genetic and functional 
characterization implicate muscle-restricted coiled-coil gene (MURC) as 
a causal gene for familial dilated cardiomyopathy. Circ Cardiovasc Genet. 
2011;4:349–358. doi: 10.1161/CIRCGENETICS.111.959866

	91.	 Ruppert V, Meyer T, Struwe C, Petersen J, Perrot A, Posch MG, Zcelik C, 
Richter A, Maisch B, Pankuweit S. Evidence for CTLA4 as a susceptibility 
gene for dilated cardiomyopathy. Eur J Hum Genet. 2010;18:694–699. doi: 
10.1038/ejhg.2010.3

	92.	 Sarzani R, Forleo C, Pietrucci F, Capestro A, Soura E, Guida P, Sorrentino S, 
Iacoviello M, Romito R, Dessì-Fulgheri P, et al. The 212A variant of the APJ 
receptor gene for the endogenous inotrope apelin is associated with slower 
heart failure progression in idiopathic dilated cardiomyopathy. J Card Fail. 
2007;13:521–529. doi: 10.1016/j.cardfail.2007.04.002

	93.	 Shah SFA, Akram S, Iqbal T, Nawaz S, Rafiq MA, Hussain S. Asso-
ciation analysis between ARG1 gene polymorphisms and idiopathic 
dilated cardiomyopathy. Medicine (Baltimore). 2019;98:e17694. doi: 
10.1097/MD.0000000000017694.

	94.	 Shah RA, Asatryan B, Sharaf Dabbagh G, Aung N, Khanji MY, Lopes LR, 
Van Duijvenboden S, Holmes A, Muser D, Landstrom AP, et al; Genotype-
First Approach Investigators. Frequency, penetrance, and variable expres-
sivity of dilated cardiomyopathy-associated putative pathogenic gene 
variants in UK Biobank participants. Circulation. 2022;146:110–124. doi: 
10.1161/CIRCULATIONAHA.121.058143

	95.	 Shrivastava S, Cohen-Shelly M, Attia ZI, Rosenbaum AN, Wang L, Giudicessi 
JR, Redfield M, Bailey K, Lopez-Jimenez F, Lin G, et al. Artificial intelligence-
enabled electrocardiography to screen patients with dilated cardiomyopathy. 
Am J Cardiol. 2021;155:121–127. doi: 10.1016/j.amjcard.2021.06.021

	96.	 Sousa A, Canedo P, Moura B, Amorim S, Almeida AR, Belo A, 
Rocha-Goncalves F, Cardoso JS, Machado JC, Martins E. Natural his-

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 15, 2025



OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TIC
LE

February 18, 2025� Circulation. 2025;151:442–459. DOI: 10.1161/CIRCULATIONAHA.124.070872458

Bergan et al Establishing the Sex Ratio in DCM

tory and prognostic factors in dilated cardiomyopathy. Rev Port Cardiol. 
2016;35(Suppl 1):128.

	 97.	 Sousa A, Canedo P, Azevedo O, Lopes LR, Pinho T, Rocha-Goncalves F, 
Goncalves L, Cardoso JS, Machado JC, Martins E. Molecular characteriza-
tion of Portuguese patients with dilated cardiomyopathy. Rev Port Cardiol. 
2016;35(Suppl 1):21. doi: 10.1016/j.repc.2018.10.010

	 98.	 Staudt A, Herda LR, Trimpert C, Lubenow L, Landsberger M, Dorr M, 
Hummel A, Eckerle LG, Beug D, Muller C, et al. Fc gamma-receptor IIa 
polymorphism and the role of immunoadsorption in cardiac dysfunction in 
patients with dilated cardiomyopathy. Clin Pharmacol Ther. 2010;87:452–
458. doi: 10.1038/clpt.2009.246

	 99.	 Stava TT, Leren TP, Bogsrud MP. Molecular genetics in 4408 cardiomy-
opathy probands and 3008 relatives in Norway: 17 years of genetic test-
ing in a national laboratory. Eur J Prev Cardiol. 2022;29:1789–1799. doi: 
10.1093/eurjpc/zwac102

	100.	 Sveinbjornsson G, Olafsdottir EF, Thorolfsdottir RB, Davidsson OB, 
Helgadottir A, Jonasdottir A, Jonasdottir A, Bjornsson E, Jensson 
BO, Arnadottir GA, et al. Variants in NKX2-5 and FLNC cause dilated 
cardiomyopathy and sudden cardiac death. Circ Genom Precis Med. 
2018;11:e002151. doi: 10.1161/CIRCGEN.117.002151

	101.	 Takai E, Akita H, Shiga N, Kanazawa K, Yamada S, Terashima 
M, Matsuda Y, Iwai C, Kawai K, Yokota Y, et al. Mutational analy-
sis of the cardiac actin gene in familial and sporadic dilat-
ed cardiomyopathy. Am J Med Genet. 1999;86:325–327. doi: 
10.1002/(sici)1096-8628(19991008)86:4<325::aid-ajmg5>3.0.co;2-u

	102.	 Tang J, Li L, Hu LQ, Cai QY, Chen L. Association between 1019C/T poly-
morphism in the connexin 37 gene and dilated cardiomyopathy. Minerva 
Cardioangiol. 2016;64:114–120.

	103.	 Taylor MRG, Slavov D, Ku L, Lenarda AD, Sinagra G, Carniel E, Haubold 
K, Boucek MM, Ferguson D, Graw SL, et al. Prevalence of desmin muta-
tions in dilated cardiomyopathy. Circulation. 2007;115:1244–1251. doi: 
10.1161/CIRCULATIONAHA.106.646778

	104.	 Telgmann R, Harb BA, Ozcelik C, Perrot A, Schonfelder J, Nonnenmacher 
A, Brand M, Schmidt-Petersen K, Dietz R, Kreutz R, et al. The G-231A 
polymorphism in the endothelin-A receptor gene is associated with lower 
aortic pressure in patients with dilated cardiomyopathy. Am J Hypertens. 
2007;20:32–37. doi: 10.1016/j.amjhyper.2006.06.016

	105.	 Tiago AD, Badenhorst D, Skudicky D, Woodiwiss AJ, Candy GP, 
Brooksbank R, Sliwa K, Sareli P, Norton GR. An aldosterone synthase 
gene variant is associated with improvement in left ventricular ejection 
fraction in dilated cardiomyopathy. Cardiovasc Res. 2002;54:584–589. doi: 
10.1016/s0008-6363(02)00281-x

	106.	 Tiret L, Mallet C, Poirier O, Nicaud V, Millaire A, Bouhour JB, Roizès G, 
Desnos M, Dorent R, Schwartz K, et al. Lack of association between 
polymorphisms of eight candidate genes and idiopathic dilated cardiomy-
opathy: the CARDIGENE study. J Am Coll Cardiol. 2000;35:29–35. doi: 
10.1016/s0735-1097(99)00522-7

	 107.	 Tobita T, Nomura S, Fujita T, Morita H, Asano Y, Onoue K, Ito M, Imai Y, 
Suzuki A, Ko T, et al. Genetic basis of cardiomyopathy and the genotypes 
involved in prognosis and left ventricular reverse remodeling. Sci Rep. 
2018;8:1998. doi: 10.1038/s41598-018-20114-9

	108.	 Verdonschot JAJ, Hazebroek MR, Krapels IPC, Henkens MTHM, Raafs A, 
Wang P, Merken JJ, Claes GRF, Vanhoutte EK, Van Den Wijngaard A, et 
al. Implications of genetic testing in dilated cardiomyopathy. Circ Genom 
Precis Med. 2020;13:476–487. doi: 10.1161/CIRCGEN.120.003031

	109.	 Verdonschot JAJ, Merlo M, Dominguez F, Wang P, Henkens MTHM, 
Adriaens ME, Hazebroek MR, Mase M, Escobar LE, Cobas-Paz R, et al. 
Phenotypic clustering of dilated cardiomyopathy patients highlights impor-
tant pathophysiological differences. Eur Heart J. 2021;42:162–174. doi: 
10.1093/eurheartj/ehaa841

	110.	 Villard E, Perret C, Gary F, Proust C, Dilanian G, Hengstenberg C, Ruppert 
V, Arbustini E, Wichter T, Germain M, et al; Cardiogenics Consortium. A 
genome-wide association study identifies two loci associated with heart 
failure due to dilated cardiomyopathy. Eur Heart J. 2011;32:1065–1076. 
doi: 10.1093/eurheartj/ehr105

	111.	 Vissing CR, Rasmussen TB, Dybro AM, Olesen MS, Pedersen LN, Jensen 
M, Bundgaard H, Christensen AH. Dilated cardiomyopathy caused by 
truncating titin variants: long-term outcomes, arrhythmias, response to 
treatment and sex differences. J Med Genet. 2021;58:832–841. doi: 
10.1136/jmedgenet-2020-107178

	112.	 Vissing CR, Espersen K, Mills HL, Bartels ED, Jurlander R, Skriver SV, 
Ghouse J, Thune JJ, Axelsson Raja A, Christensen AH, et al. Family 
screening in dilated cardiomyopathy: prevalence, incidence, and 

potential for limiting follow-up. JACC Heart Fail. 2022;10:792–803. doi: 
10.1016/j.jchf.2022.07.009

	113.	 Waldmller S, Erdmann J, Binner P, Gelbrich G, Pankuweit S, Geier C, 
Timmermann B, Haremza J, Perrot A, Scheer S, et al. Novel correlations be-
tween the genotype and the phenotype of hypertrophic and dilated cardio-
myopathy: results from the German Competence Network Heart Failure. 
Eur J Heart Fail. 2011;13:1185–1192. doi: 10.1093/eurjhf/hfr074

	114.	 Wang L, Lu L, Zhang F, Chen Q, Shen W. Polymorphisms of beta-
adrenoceptor and natriuretic peptide receptor genes influence 
the susceptibility to and the severity of idiopathic dilated cardio-
myopathy in a Chinese cohort. J Card Fail. 2010;16:36–44. doi: 
10.1016/j.cardfail.2009.08.003

	115.	 Wang M, Ding H, Kang J, Hu K, Lu W, Zhou X, Xu L. Association be-
tween polymorphisms of the HSPB7 gene and Cheyne-Stokes respira-
tion with central sleep apnea in patients with dilated cardiomyopathy 
and congestive heart failure. Int J Cardiol. 2016;221:926–931. doi: 
10.1016/j.ijcard.2016.07.107

	116.	 Wang DF, Lyu JL, Fang J, Chen J, Chen WW, Huang JQ, Xia SD, Jin JM, 
Dong FH, Cheng HQ, et al. Impact of LDB3 gene polymorphisms on clini-
cal presentation and implantable cardioverter defibrillator (ICD) implanta-
tion in Chinese patients with idiopathic dilated cardiomyopathy. J Zhejiang 
Univ Sci B. 2019;20:766–775. doi: 10.1631/jzus.B1900017

	 117.	 Wiklund I, Waagstein F, Swedberg K, Hjalmarsson A. Quality of life on treat-
ment with metoprolol in dilated cardiomyopathy: results from the MDC trial. 
Cardiovasc Drugs Ther. 1996;10:361–368. doi: 10.1007/BF02627961

	118.	 Wojciechowska C, Wodniecki J, Wojnicz R, Romuk E, Jacheć W, Tomasik 
A, Skrzep-Poloczek B, Spinczyk B, Nowalany-Kozielska E. Neopterin 
and beta-2 microglobulin relations to immunity and inflammatory sta-
tus in nonischemic dilated cardiomyopathy patients. Mediators Inflamm. 
2014;2014:585067. doi: 10.1155/2014/585067

	119.	 Woodiwiss AJ, Badenhorst D, Sliwa K, Brooksbank R, Essop R, Sareli P, 
Norton GR. Beta1- and alpha 2c-adrenoreceptor variants as predictors of 
clinical aspects of dilated cardiomyopathy in people of African ancestry. 
Cardiovasc J Afr. 2008;19:188–193.

	120.	 Xiao L, Wu D, Sun Y, Hu D, Dai J, Chen Y, Wang D. Whole-exome sequenc-
ing reveals genetic risks of early-onset sporadic dilated cardiomyopathy 
in the Chinese Han population. Sci China Life Sci. 2022;65:770–780. doi: 
10.1007/s11427-020-1951-4

	121.	 Yin J, Yang J, Ren FX, Sun CM, Li LD, Han LY, Cai SL, Zhang CH, Zhang 
ZQ, Zhang ZT, et al. Association of the LMNA gene single nucleotide 
polymorphism rs4641 with bdilated cardiomyopathy. Genet Mol Res. 
2015;14:15427–15434. doi: 10.4238/2015.November.30.20

	122.	 Yoshihisa A, Kimishima Y, Kiko T, Sato Y, Watanabe S, Kanno Y, Abe S, 
Miyata M, Sato T, Suzuki S, et al. Usefulness of urinary N-terminal frag-
ment of titin to predict mortality in dilated cardiomyopathy. Am J Cardiol. 
2018;121:1260–1265. doi: 10.1016/j.amjcard.2018.01.046

	123.	 Zeng X, Chen S, Wang J, Yang T, Chen Y. Dilated cardiomyopathy with 
hypertension: Prevalence and response to high-dose beta 1-adrenoceptor 
antagonist therapy. Clin Exp Pharmacol Physiol. 2009;36:945–949. doi: 
10.1111/j.1440-1681.2009.05184.x

	124.	 Zhang L, Hu A, Yuan H, Cui L, Miao G, Yang X, Wang L, Liu J, Liu X, 
Wang S, et al. A missense mutation in the CHRM2 gene is associated 
with familial dilated cardiomyopathy. Circ Res. 2008;102:1426–1432. doi: 
10.1161/CIRCRESAHA.107.167783

	125.	 Zhang Y, Wang Y, Zhai M, Gan T, Zhao X, Zhang R, An T, Huang Y, Zhou Q, 
Zhang J. Influence of LGALS3 gene polymorphisms on susceptibility and 
prognosis of dilated cardiomyopathy in a Northern Han Chinese popula-
tion. Gene. 2018;642:293–298. doi: 10.1016/j.gene.2017.11.026

	126.	 Zhang XL, Xie J, Lan RF, Kang LN, Wang L, Xu W, Xu B. Genetic ba-
sis and genotype-phenotype correlations in Han Chinese patients 
with idiopathic dilated cardiomyopathy. Sci Rep. 2020;10:2226. doi: 
10.1038/s41598-020-58984-7

	 127.	 Zhang Q, Yang N, Wang X, Zhang Z. Simple screening model based on 
electrocardiogram for patients with dilated cardiomyopathy. Medicine 
(Baltimore). 2023;102:e32910. doi: 10.1097/MD.0000000000032910

	128.	 Zhao L, Xu JH, Xu WJ, Yu H, Wang Q, Zheng HZ, Jiang WF, Jiang JF, 
Yang YQ. A novel GATA4 loss-of-function mutation responsible for fa-
milial dilated cardiomyopathy. Int J Mol Med. 2014;33:654–660. doi: 
10.3892/ijmm.2013.1600

	129.	 Zhou Y-M, Dai X-Y, Huang R-T, Xue S, Xu Y-J, Qiu X-B, Yang Y-Q. A novel 
TBX20 loss-of-function mutation contributes to adult-onset dilated cardio-
myopathy or congenital atrial septal defect. Mol Med Rep. 2016;14:3307–
3314. doi: 10.3892/mmr.2016.5609

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 15, 2025



ORIGINAL RESEARCH 
ARTICLE

Circulation. 2025;151:442–459. DOI: 10.1161/CIRCULATIONAHA.124.070872� February 18, 2025 459

Bergan et al Establishing the Sex Ratio in DCM

	130.	 Zhou Y, Gao S, Ding L, Yan H, Pang S, Yan B. Correlation analysis of CTSB 
promoter polymorphism and function in patients with dilated cardiomyopa-
thy. DNA Cell Biol. 2023;42:203–211. doi: 10.1089/dna.2022.0525

	131.	 Schultheiss H-P, Fairweather D, Caforio ALP, Escher F, Hershberger RE, 
Lipshultz SE, Liu PP, Matsumori A, Mazzanti A, McMurray J, et al. Dilated 
cardiomyopathy. Nat Rev Dis Primers. 2019;5:32.

	132.	 Chung AK, Das SR, Leonard D, Peshock RM, Kazi F, Abdullah SM, Canham 
RM, Levine BD, Drazner MH. Women have higher left ventricular ejec-
tion fractions than men independent of differences in left ventricular 
volume: the Dallas Heart Study. Circulation. 2006;113:1597–1604. doi: 
10.1161/CIRCULATIONAHA.105.574400

	133.	 Oliva M, Muñoz-Aguirre M, Kim-Hellmuth S, Wucher V, Gewirtz ADH, 
Cotter DJ, Parsana P, Kasela S, Balliu B, Viñuela A, et al; GTEx Consortium. 
The impact of sex on gene expression across human tissues. Science. 
2020;369:eaba3066. doi.:10.1126/science.aba3066.

	134.	 Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev 
Immunol. 2016;16:626–638. doi: 10.1038/nri.2016.90

	135.	 Dou DR, Zhao Y, Belk JA, Zhao Y, Casey KM, Chen DC, Li R, Yu B, Srinivasan 
S, Abe BT, et al. Xist ribonucleoproteins promote female sex-biased auto-
immunity. Cell. 2024;187:733–749.e16. doi: 10.1016/j.cell.2023.12.037

	136.	 Yan H, Yang W, Zhou F, Pan Q, Allred K, Allred C, Sun Y, Threadgill D, Dostal 
D, Tong C, et al. Estrogen protects cardiac function and energy metabolism in 
dilated cardiomyopathy induced by loss of cardiac IRS1 and IRS2. Circ Heart 
Fail. 2022;15:e008758. doi: 10.1161/CIRCHEARTFAILURE.121.008758

	 137.	 Jacobsen H, Klein SL. Sex Differences in immunity to viral infections. Front 
Immunol. 2021;12:720952. doi: 10.3389/fimmu.2021.720952

	138.	 Belkaya S, Kontorovich AR, Byun M, Mulero-Navarro S, Bajolle F, Cobat A, 
Josowitz R, Itan Y, Quint R, Lorenzo L, et al. Autosomal recessive cardiomy-
opathy presenting as acute myocarditis. J Am Coll Cardiol. 2017;69:1653–
1665. doi: 10.1016/j.jacc.2017.01.043

	139.	 Argirò A, Ho C, Day SM, van der Velden J, Cerbai E, Saberi S, 
Tardiff JC, Lakdawala NK, Olivotto I. Sex‐related differences in ge-
netic cardiomyopathies. J Am Heart Assoc. 2022;11:e024947. doi: 
10.1161/JAHA.121.024947

	140.	 Smith ED, Lakdawala NK, Papoutsidakis N, Aubert G, Mazzanti A, 
McCanta AC, Agarwal PP, Arscott P, Dellefave-Castillo LM, Vorovich 
EE, et al. Desmoplakin cardiomyopathy, a fibrotic and inflammatory form 
of cardiomyopathy distinct from typical dilated or arrhythmogenic right 
ventricular cardiomyopathy. Circulation. 2020;141:1872–1884. doi: 
10.1161/CIRCULATIONAHA.119.044934

	141.	 Kayvanpour E, Sedaghat-Hamedani F, Amr A, Lai A, Haas J, Holzer DB, Frese 
KS, Keller A, Jensen K, Katus HA, et al. Genotype-phenotype associations 
in dilated cardiomyopathy: meta-analysis on more than 8000 individuals. 
Clin Res Cardiol. 2017;106:127–139. doi: 10.1007/s00392-016-1033-6

	142.	 Owen R, Buchan R, Frenneaux M, Jarman JWE, Baruah R, Lota AS, 
Halliday BP, Roberts AM, Izgi C, Van Spall HGC, et al. Sex differences 
in the clinical presentation and natural history of dilated cardiomyopathy. 
JACC Heart Fail. 2024;12:352–363. doi: 10.1016/j.jchf.2023.10.009

	143.	 Barker TH, Migliavaca CB, Stein C, Colpani V, Falavigna M, Aromataris 
E, Munn Z. Conducting proportional meta-analysis in different types of 
systematic reviews: a guide for synthesisers of evidence. BMC Med Res 
Methodol. 2021;21:189. doi: 10.1186/s12874-021-01381-z

	144.	 Report of the WHO/ISFC task force on the definition and clas-
sification of cardiomyopathies. Br Heart J. 1980;44:672–673. doi: 
10.1136/hrt.44.6.672

	145.	 Maron BJ, Towbin JA, Thiene G, Antzelevitch C, Corrado D, Arnett D, Moss 
AJ, Seidman CE, Young JB; American Heart Association. Contemporary 
definitions and classification of the cardiomyopathies. Circulation. 
2006;113:1807–1816. doi: 10.1161/CIRCULATIONAHA.106.174287

	146.	 Stefanelli CB, Rosenthal A, Borisov AB, Ensing GJ, Russell MW. 
Novel troponin T mutation in familial dilated cardiomyopathy with 
gender-dependent severity. Mol Genet Metab. 2004;83:188–196. doi: 
10.1016/j.ymgme.2004.04.013

	 147.	 Herman DS, Lam L, Taylor MRG, Wang L, Teekakirikul P, Christodoulou D, 
Conner L, DePalma SR, McDonough B, Sparks E, et al. Truncations of titin 
causing dilated cardiomyopathy. N Engl J Med. 2012;366:619–628. doi: 
10.1056/NEJMoa1110186

	148.	 Mestroni L, Brun F, Spezzacatene A, Sinagra G, Taylor MR. Genetic causes 
of dilated cardiomyopathy. Prog Pediatr Cardiol. 2014;37:13–18. doi: 
10.1016/j.ppedcard.2014.10.003

	149.	 Ware JS, Li J, Mazaika E, Yasso CM, DeSouza T, Cappola TP, Tsai 
EJ, Hilfiker-Kleiner D, Kamiya CA, Mazzarotto F, et al; IMAC-2 and 
IPAC Investigators. Shared genetic predisposition in peripartum and 
dilated cardiomyopathies. N Engl J Med. 2016;374:233–241. doi: 
10.1056/NEJMoa1505517

	150.	 Covidence. Covidence systematic review software. https://www.covidence.
org

	151.	 Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, Motyer A, 
Vukcevic D, Delaneau O, O’Connell J, et al. The UK Biobank resource with 
deep phenotyping and genomic data. Nature. 2018;562:203–209. doi: 
10.1038/s41586-018-0579-z

	152.	 Schulz-Menger J, Bluemke DA, Bremerich J, Flamm SD, Fogel MA, Friedrich 
MG, Kim RJ, von Knobelsdorff-Brenkenhoff F, Kramer CM, Pennell DJ, 
et al. Standardized image interpretation and post-processing in cardio-
vascular magnetic resonance: 2020 update: Society for Cardiovascular 
Magnetic Resonance (SCMR): Board of Trustees Task Force on 
Standardized Post-Processing. J Cardiovasc Magn Reson. 2020;22:19. doi: 
10.1186/s12968-020-00610-6

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 15, 2025

https://www.covidence.org
https://www.covidence.org

