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Abstract

Background: Dilated cardiomyopathy (DCM) is a leading cause of 
heart failure and cardiac transplantation globally. Disease-associated 
genetic variants play a significant role in the development of DCM. 
Accurately determining the prevalence of genetically associated 
DCM (genetic DCM) is important for developing targeted prevention 
strategies. This review synthesized published literature on the global 
prevalence of genetic DCM across various populations, focusing 
on two of the most common variants: titin (TTN) and myosin heavy 
chain 7 (MYH7).

Methods: MEDLINE® and Embase were searched from database in-
ception to September 19, 2022 for English-language studies reporting 
the prevalence of genetic DCM within any population. Studies using 
family history as a proxy for genetic DCM were excluded.

Results: Of 2,736 abstracts, 57 studies were included. Among the 
global adult or mixed (mostly adults with few pediatric patients) 
DCM population, median prevalence was 20.2% (interquartile range 
(IQR): 16.3-36.0%) for overall genetic DCM, 11.4% (IQR: 8.2-
17.8%) for TTN-associated DCM, and 3.2% (IQR: 1.8-5.2%) for 
MYH7-associated DCM. Global prevalence of overall pediatric ge-
netic DCM within the DCM population was similar (weighted mean: 
21.3%). Few studies reported data on the prevalence of genetic DCM 
within the general population.

Conclusions: Our study identified variable prevalence estimates of 
genetic DCM across different populations and geographic locations. 
The current evidence may underestimate the genetic contributions 
due to limited screening and detection of potential DCM patients. 
Epidemiological studies using long-read whole genome sequencing 
to identify structural variants or non-coding variants are needed, as 

well as large cohort datasets with genotype-phenotype correlation 
analyses.

Keywords: Dilated cardiomyopathy; Genetics; Prevalence; Epidemi-
ology

Introduction

Dilated cardiomyopathy (DCM) is a heterogeneous cardiac 
disorder where the predominant phenotypic description is left 
ventricular dilatation and systolic dysfunction, typically with 
left ventricular ejection fraction less than 45-50% [1-4]. Glob-
ally, it is one of the leading indicators of heart failure and heart 
transplantation in both children and adults [5].

DCM can have either a genetic or an acquired etiology, 
though they are not mutually exclusive. Familial and sporadic 
(no known family history of DCM) cases can occur, with or 
without genetic involvement. Disease-associated genetic vari-
ants are found in 20-35% of the familial DCM population [6]. 
The exact prevalence of disease-associated genetic variants in 
the sporadic DCM population is unclear [6, 7]. Currently, ge-
netic variants in approximately 30 to 50 genes encoding sar-
comeric, cytoskeletal, desmosomal, nuclear membrane, mito-
chondrial, and RNA-binding proteins have all been associated 
with DCM, possibly through polygenic combinatorial models 
[8-11]. Two of the most common sarcomeric genes frequently 
and definitively associated with DCM etiology are: titin (TTN) 
and myosin heavy chain 7 (MYH7) [10]. Protein truncating 
variants in TTN (TTNtv) account for around 25% of familial 
DCM and 18% of sporadic DCM [12]. Variants in MYH7 ac-
count for around 4% of familial DCM [8].

Prevalence estimates of DCM range from 1:250 up to 
1:2,500 people within the general population [6, 8, 13]. The 
original estimate of 1:2,500 was based on a study conducted in 
Olmstead County Minnesota from 1975 to 1984 [14]. However, 
these results may be an underestimation due to under-reporting 
of the disease and less sophisticated diagnostic technology; most 
current estimates range between 1:250 and 500 [6, 8, 13]. In 
the United States in 2022, this roughly corresponds to 0.6 - 1.3 
million people. Current prevalence estimates of DCM with as-

Manuscript submitted June 14, 2024, accepted July 30, 2024
Published online August 15, 2024

aBristol Myers Squibb, Princeton, NJ, USA
bEvidinno Outcomes Research Inc., Vancouver, BC, Canada
cCorresponding Author: Negar Golchin, Bristol Myers Squibb, Princeton, NJ, 
USA. Email: negar.golchin@bms.com

doi: https://doi.org/10.14740/cr1680

https://crossmark.crossref.org/dialog/?doi=10.14740/cr1680&domain=pdf&date_stamp=2024-08-13


Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org234

Prevalence of Genetic DCM Cardiol Res. 2024;15(4):233-245

sociated genetic variants (referred to as genetic DCM, hereafter) 
may also be an underestimation due to limitations in disease di-
agnosis and genetic screening. Current definitions and criteria 
for diagnoses of DCM are unclear, leading to reduced genetic 
screening for DCM [2]. Furthermore, DCM-associated genetic 
variants have been observed within the general “healthy” popu-
lation of those who have not been diagnosed with DCM [8, 10]. 
This demonstrates the incomplete penetrance of some DCM-
associated genetic variants. The associated phenotypes could 
be subclinical or “asymptomatic” carriers resulting in under-
reporting of clinical DCM patients. As well, most studies have 
focused on exonic variants. Far fewer studies have investigated 
the effects of intronic variants, mitochondrial deoxyribonucleic 
acid (DNA) variants, and structural variants on DCM etiology 
[11, 15]. Together, these factors complicate the ability to calcu-
late the true prevalence of genetic DCM.

Despite numerous reviews on the genetic etiology of 
DCM, there has been no systematic literature review conducted 
on the prevalence of genetic DCM in the DCM population. We 
conducted a systematic literature review to assess the current 
landscape of evidence on the prevalence of adult and pediat-
ric genetic-associated DCM (overall DCM-associated genetic 
variants, DCM-associated TTN variants, and DCM-associated 
MYH7 variants) in: 1) the clinical DCM population; 2) the gen-
eral population; and 3) the subclinical DCM population. The 
prevalence of overall DCM-associated genetic variants in the 
healthy population was also presented.

Materials and Methods

This systematic review was performed according to stand-
ard methodologies for conducting and reporting systematic 
reviews as recommended by the Cochrane Handbook for 
Systematic Reviews of Interventions [16] and the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [17].

Data sources and search strategies

Searches were carried out in MEDLINE® and Embase via 
OvidSP to capture records published from database incep-
tion to September 19, 2022 (Supplementary Materials 1 and 
2, www.currentsurgery.org). Searches of relevant conferences 
and hand searches of reference lists of previously published 
literature reviews were also completed.

Study selection

Study eligibility criteria for inclusion in the systematic review 
were defined using the PICOS framework (Population, Inter-
vention, Comparator, Outcome, Study design). Included were 
English-language studies reporting the prevalence of genetic 
DCM within any population. Studies using family history as a 
proxy for genetic DCM were excluded.

All abstracts were reviewed according to the PICOS crite-

ria. Abstracts considered eligible for inclusion proceeded to a 
full-text screening phase, where they were screened by senior 
reviewers. Records deemed eligible following full-text screen-
ing were included for evidence synthesis.

Data extraction and quality assessment

Extracted data included study characteristics, patient charac-
teristics (age of disease onset, sex, race/ethnicity, and comor-
bidities among genetic DCM patients), prevalence of genetic 
DCM, and genetic DCM sequencing methods. Quality of the 
included studies was assessed using the Newcastle-Ottawa 
scale for cohort studies [18] or the Joanna Briggs Institute 
checklist for cross-sectional studies [19].

Data analysis

Descriptive statistics were used to summarize data including 
measures of central tendency (mean and median) and variabil-
ity (standard deviation (SD), interquartile range (IQR), and 
95% confidence interval). For calculations with more than nine 
studies, median and IQR were chosen to account for outliers 
due to inter-study sequencing techniques and gene panel num-
ber variability. Medians were calculated by taking the median 
of all the studies’ values. For calculations with between three 
and nine studies (inclusive), weighted mean and weighted SD 
were chosen to account for the wide range of DCM sample 
size and outliers within a small sample size. Calculations were 
not carried out for values reported by less than three studies; 
instead, the full list of values were reported.

Prevalence of genetic DCM in the total DCM population 
was calculated by dividing the number of participants with 
clinically diagnosed DCM and DCM-associated genetic vari-
ants (overall, TTN, or MYH7) by the total number of partici-
pants with clinically diagnosed DCM (Equation 1). Prevalence 
of genetic DCM in the general population, and prevalence of 
DCM-associated genetic variants in healthy populations were 
calculated according to Equations 2 and 3, respectively. Over-
all genetic DCM prevalence was calculated by including stud-
ies that sequenced more than four genes. TTN-associated and 
MYH7-associated DCM prevalence estimates were calculated 
by including studies that sequenced TTN and MYH7, respec-
tively. Subgroup prevalence analyses were conducted by ge-
ography, age, and genetic variant.
Genetic DCM in total DCM prevalence

Participants with DCM and DCM-associated genetic variant
Participants with DCM

= (1)

Genetic DCM in general population prevalence
Participants with DCM and DCM-associated genetic variant

Total number in general population
= (2)

DCM-associated variants prevalence
Healthy participants with DCM-associated genetic variant

Healthy participants
= (3)
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Forest plots were created to present the individual preva-
lence estimates per study as well as the overall median or 
weighted mean across all studies reporting. Confidence in-
tervals on the proportions in the forest plots were calculated 
using the prop.test function for R, which uses Wilson’s score 
method [20].

Results

Study selection

In total, 2,720 abstracts were identified from Embase and 
MEDLINE®. Sixteen studies were added through hand-
searching of published review papers [12, 21-37]. Following 
removal of duplicate records, most records were excluded 
during the initial abstract screening phase for reasons of study 
design (i.e., not an epidemiological study) or population (i.e., 
did not report on DCM). After full-text screening, 57 studies 
were included for qualitative synthesis (Fig. 1). Lists of the 
included studies and those excluded during full-text screening 
are provided in Supplementary Materials 3 and 4 (www.cur-
rentsurgery.org), respectively.

Study characteristics, patient characteristics, and study 
quality

Of the 57 unique studies included, 31 were cross-sectional, 16 
were prospective cohorts, and 10 were retrospective cohorts. 
The top three countries in which studies were conducted in 
were the United States (number of studies (k) = 8), the Unit-
ed Kingdom (UK; k = 6), and the Netherlands (k = 6). There 
were also eight multinational studies conducted in European 
countries, the United States, Australia, and Singapore (Supple-
mentary Material 3, www.currentsurgery.org). The total sam-
ple size of the 57 included studies was 783,655 participants 
(median: 229; range: 21 [38] to 502,462 [39]). Three studies 
included participants from general populations with sample 
sizes of 71,313, 166,690, and 502,462 participants, respec-
tively [39-41]. Forty-seven studies reported on adult popula-
tions, 10 reported on pediatric populations, and six reported 
on mixed adult and pediatric populations. Among studies re-
porting mixed populations, the large majority were adults. The 
median age of DCM onset was 45.5 years (range: 0.5 [42] to 
57.1 [38] years). The median proportion of female participants 
was 36.6% (range: 10.7% [43] to 93.5% [44]). Seventeen stud-
ies reported race or ethnicity data; the majority of participants 

Figure 1. PRISMA flow diagram. k: number of records.
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were White (median: 72.0%; range: 0% [26, 36, 38, 42, 45-48] 
to 100% [49, 50]). The top three most commonly reported co-
morbidities among participants were diabetes (k = 9; median: 
13.9%) [12, 26, 41, 48, 51-55], hypertension (k = 8; median: 
40.7%) [12, 41, 45, 48, 51-53, 55], and atrial fibrillation or 
flutter (k = 6; median: 26.6%) [22, 45, 47, 51, 53, 54].

The 26 cohort studies were generally of fair quality, with 
24 studies receiving a final score between 4 and 6 (maximum 
of 9 points) on the Newcastle-Ottawa scale. The 31 cross-sec-
tional studies were typically moderate to high quality. Twenty-
one studies were considered low risk of bias in at least five of 
the eight domains of the Johanna Briggs Institute tool. Studies 
scoring lower were typically available as conference abstracts 
only at the time of this review (k = 5) with limited informa-
tion on study methodology [40, 56-59]. However, it should be 
noted that upon comparing the estimates obtained from these 
abstracts with the prevalence estimates obtained from studies 
published as full journal articles at the time of this review, no 
large differences or outliers were detected. Therefore, inclu-
sion of these conference abstracts in our evidence synthesis 
was considered justified.

Prevalence of genetic DCM

Forty-six studies reported on the prevalence of overall genetic 
DCM, 35 on the prevalence of TTN-associated DCM, and 28 
on the prevalence of MYH7-associated DCM. Gene panels 
analyzed for overall genetic DCM were heterogeneous. Preva-
lence of genetic DCM was grouped by geography (global (in-
cluding United States), or United States only), age (adults or 
mixed (adult and pediatric) population or pediatric only), and 
genetic variants (overall genetic DCM, TTN-associated DCM, 
or MYH7-associated DCM).

Overall genetic DCM

The prevalence of overall genetic DCM was similar between 
adults and children with DCM. Across the 36 studies that re-
ported on adults/mixed populations with DCM globally, the 
median prevalence of overall genetic DCM was 20.2% (IQR: 
16.3-36.0%; Table 1 [12, 21-41, 43-45, 47, 49-58, 60-70]; 
Fig. 2a). Similar global prevalence estimates were reported 
in pediatric populations with DCM (weighted mean: 21.3%, 
SD: 10.6%, k = 9; Table 2 [33, 34, 42, 54, 67, 71-75]; Fig. 3a). 
The prevalence estimates in the United States were similar 
for both the adult/mixed (weighted mean: 15.2%, SD: 2.5%, 
k = 3) and pediatric populations (weighted mean: 17.3%, SD: 
4.9%, k = 3).

Two studies reported the prevalence of adults with genetic 
DCM within the general population using UK Biobank data. 
This biobank aims to represent the general UK population 
and includes clinical and genetic information of 500,000 vol-
unteers from the UK recruited between 2006 and 2010 [76]. 
Aragam et al (2021) examined the data from 166,690 people 
in the UK Biobank and found 336 people with clinical DCM 
[40]. Of those 336 people with clinical DCM, 48 people had a 

pathogenic genetic variant in a DCM-associated gene. Using 
the UK Biobank data at different timepoints, Aragam et al (in 
2021) reported that 0.029% of people in the UK general public 
have genetic DCM compared with 0.027% as reported by Shah 
et al (2022) [39].

TTN-associated DCM

The global prevalence of TTN-associated DCM was higher for 
adults compared with children with DCM. Among 30 stud-
ies reporting on adults/mixed populations with DCM, median 
prevalence of TTN-associated DCM was 11.4% (IQR: 8.2-
17.8%; Table 1; Fig. 2b). Among children with DCM, weight-
ed mean prevalence of TTN-associated DCM was 4.4% (SD: 
5.1%, k = 4; Table 2; Fig. 3b). Prevalence estimates of TTN-
associated DCM within the United States populations were 
similar for both adults (weighted mean: 6.9%; SD: 4.9%; k = 
4) and children (1.0%; k = 1).

Only one study reported the prevalence of TTN-associated 
DCM among the general population. Haggerty et al (2019) 
[41] reported the prevalence of DCM patients with pathogenic 
DCM-associated TTN variants within two general populations: 
Geisinger 0.04% (27 participants with TTN; 61,040 partici-
pants within Geisinger cohort) and Penn Medicine BioBank 
(PMBB) 0.42% (43 participants with TTN; 10,289 participants 
within PMBB cohort; Table 1).

MYH7-associated DCM

The prevalence estimates of MYH7-associated DCM were sim-
ilar for adults compared with children with DCM. Across 21 
studies that reported on adults/mixed populations with DCM, 
median global prevalence of MYH7-associated DCM was 
3.2% (IQR: 1.8-5.2%; Table 1; Fig. 2c). Findings were simi-
lar for the pediatric population; the weighted mean prevalence 
of MYH7-associated DCM was 5.7% globally (SD: 4.2%, k 
= 5; Table 2; Fig. 3c). Prevalence of MYH7-associated DCM 
in the United States was generally consistent with the global 
estimates for both adults (weighted mean: 4.0%; SD: 1.4%; k 
= 3) and children (up to 11.1%; k = 2).

DCM-associated genetic variants in healthy individuals

The prevalence of pathogenic DCM-associated genetic vari-
ants within healthy individuals was reported by six studies [12, 
21, 24, 25, 50, 60]. These data represent the number of healthy 
individuals who were identified to have DCM-associated ge-
netic variants but did not present with DCM anatomically or 
symptomatically (i.e., healthy individuals). For overall DCM-
associated genetic variants, two studies focused on healthy in-
dividuals to assess the prevalence of genetic variants in DCM-
associated genes [50, 60]. These unrelated healthy individuals 
were either healthy reference individuals in the European an-
cestry cohort of the 1000 Genomes project or healthy volun-
teers participating in the UK Digital Heart Project [50, 60]. 
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Figure 2. Median or weighted mean prevalence of overall genetic DCM in adults or adult/mixed populations (a), TTN-associated 
genetic DCM in adults or adult/mixed populations (b), and MYH7-associated genetic DCM in adults or adult/mixed populations 
(c). *Study was conducted only in the United States. aCalculated from the sample of DCM patients within the Penn Medicine 
BioBank. bCalculated from the sample of DCM patients within the Geisinger cohort. CI: confidence interval, calculated by review-
ers; DCM: dilated cardiomyopathy; IQR: Interquartile range; n: numerator of calculation (e.g., number of overall genetic DCM 
patients); N: denominator of calculation (i.e., number of DCM patients); SD: weighted standard deviation.
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Dalin et al (2017) [60] reported that 38.4% of healthy people 
have DCM-associated predicted pathogenic variants (healthy 
individuals with variant n = 193; healthy individuals n = 503) 
compared with 2.7% as reported by Ware et al (2018) [50] 
(healthy individuals with variant n = 12; healthy individuals n 
= 445; Table 3 [12, 21, 24, 25, 50, 60]).

Six studies reported the global prevalence of pathogenic 
DCM-associated TTN variants within healthy individuals [12, 
21, 24, 25, 50, 60]. The unrelated healthy individuals were ei-
ther from healthy control populations or from healthy refer-
ence populations. The weighted mean prevalence was 0.9% 

(SD: 0.2%; Table 3).
Mazzarotto et al (2020) [25] and Walsh et al (2016) [24] 

reported that 1.4% (healthy individuals with pathogenic MYH7 
variant n = 13; healthy controls n = 912) and 1.4% (general 
population with pathogenic MYH7 variant n = 845; general 
population n = 60,471) of healthy people have DCM-associ-
ated predicted pathogenic MYH7 variants, respectively (Table 
3). Both the healthy controls and people in the general popula-
tion were unrelated to the DCM population within each study. 
The prevalence of MYH7 variants was similar to that of the 
TTN variants in healthy individuals.

Figure 3. Median or weighted mean prevalence of overall genetic DCM in children (a), TTN-associated genetic DCM in children 
(b), and MYH7-associated genetic DCM in children (c). *Study was conducted only in the United States. CI: confidence interval, 
calculated by reviewers; DCM: dilated cardiomyopathy; IQR: interquartile range; n: numerator of calculation (e.g., number of 
overall genetic DCM patients); N: denominator of calculation (i.e., number of DCM patients); SD: weighted standard deviation.

Table 2.  Prevalence of Genetic DCM Within the Pediatric DCM Population by Region

Group Number of studies Weighted mean prevalence (SD)a Total N References
Overall genetic DCM
  Global 9 21.3% (10.6) 695 [33, 34, 42, 54, 67, 71-74]
  USA only 3 17.3% (4.9) 342 [34, 73, 74]
TTN-associated DCM
  Global 4 4.4% (5.1) 450 [34, 42, 71, 75]
  USA only 1 1.0% 286 [34]
MYH7-associated DCM
  Global 5 5.7% (4.2) 453 [33, 34, 42, 72, 73]
  USA only 2 4.5% [34]; 11.1% [73] 295 [34, 73]

aWeighted mean prevalence and weighted standard deviation were reported unless fewer than three studies were included in the calculation, in 
which case individual study prevalence estimates were presented. DCM: dilated cardiomyopathy; USA: United States of America; SD: weighted 
standard deviation.
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Genetic DCM in subclinical DCM

Two studies reported the prevalence of subclinical genetic 
DCM. Vissing et al (2021) reported that 35.07% of DCM pa-
tients have pre-symptomatic familial DCM [59]. Shah et al 
(2022) reported that 0.13% of subclinical DCM patients (de-
fined as the fulfillment of cardiac magnetic resonance imaging 
criteria for DCM in the absence of a clinical history of DCM) 
have putative pathogenic mutations in DCM-associated genes 
[39].

Discussion

To our knowledge, this is the first systematic review to inves-
tigate the prevalence of genetic DCM within adult and pedi-
atric populations. In the adult global DCM population, we 
found a median prevalence of 20.2% (IQR: 16.3-36.0%) for 
overall DCM-associated genetic variants, 11.4% (8.2-17.8%) 
for DCM-associated TTN variants, and 3.2% (1.8-5.2%) for 
DCM-associated MYH7 variants. The prevalences of TTN and 
MYH7 variants are similar to those presented in previous nar-
rative reviews [10, 77]. Overall genetic DCM prevalence in 
the DCM population reported in the current study cannot be 
compared to prior reviews. Prior reviews separated reported 
prevalence estimates of genetic DCM in familial or sporadic 
DCM populations, rather than the total DCM population. Nev-
ertheless, prevalence of genetic DCM has been estimated to 
account for up to 35% of cases [6]. Frequency of genetically 
associated sporadic DCM is not well defined [10]. Overall 
DCM-associated genetic variant prevalence in our report could 
be underestimated as seven studies [38, 44, 46, 47, 61-63] ex-
cluded TTN from their cardiomyopathy gene panels, and five 
studies [56-59, 64] did not explicitly state the sequenced genes 
set. Excluding TTN from the gene panels could lead to overall 
genetic association underestimation since TTN variants com-
prise a large proportion of overall DCM-associated genetic 

variants [10, 12].
Similar prevalence results were found in the adult DCM 

population within the United States for overall DCM-associ-
ated genetic variants and TTN variants. The prevalence of the 
MYH7 variant in the adult DCM population (4.0%) within the 
United States was also similar to the global median (3.2%). 
Though, comparison should be carefully interpreted since only 
three studies reported prevalence within the United States [31, 
34, 44]. All genetic variants (overall, TTN, MYH7) prevalence 
in the DCM population were similar between adults and chil-
dren with DCM.

We also identified prevalence of genetic DCM in the adult 
general population. Globally, 0.029% [40] and 0.027% [39] of 
the UK Biobank population had genetic DCM (overall genetic 
variants). Data were analyzed at different timepoints between 
the two studies. The advantage of the UK Biobank is that it 
includes clinical and genetic information from half a million 
volunteers from the UK, aged 40 to 69, recruited between 2006 
and 2010 [76]. However, “healthy volunteer” selection bias 
has been reported in the UK Biobank: Biobank participants 
were less likely to be obese, to smoke, and to drink alcohol 
on a daily basis and had fewer self-reported health conditions, 
compared with the general population [78]. The discrepancy 
in prevalence estimates observed across the two studies report-
ing on UK Biobank data at different time points could be due 
to differences in pathogenic variant determination. Aragam et 
al (2021) focused on monogenic, predicted loss of function 
variants in 91 clinical testing panel DCM genes [40], where-
as Shah et al (2022) studied predicted pathogenic variants in 
44 ClinGen-curated DCM genes [39]. However, the study by 
Aragam et al (2021) was only available as a conference ab-
stract at the time of this review; thus, results may require re-
evaluation upon the availability of peer-reviewed publications 
with further details into the methodology of calculating these 
estimates.

Only one study by Haggerty et al (2019) conducted in 
the United States reported the prevalence of genetic DCM for 
TTN variants in two general populations: 0.04% (Geisinger 

Table 3.  Prevalence of DCM-Associated Genetic Variants in Healthy Individuals by Region

Group Number of studies Weighted mean (SD)a Total Nb References
Overall genetic variants
  Global 2 38.4% [60]; 2.7% [50] 503 [60]; 445 [50] [50, 60]
  USA only - - - -
TTN variants
  Global 6 0.9% (0.2) 61,030 [12, 21, 24, 25, 50, 60]
  USA only 1 Healthy individuals: 2.9%; 

Women’s Health Initiative: 0.7%
Healthy individuals: 308; 
Women’s Health Initiative: 667

[21]

MYH7 variants
  Global 2 1.4% [25]; 1.4% [24] 912 [25]; 60,471 [24] [24, 25]
  USA only - - - -

aWeighted mean prevalence and weighted standard deviation were reported unless fewer than three studies were included in the calculation, in 
which case individual study prevalence estimates were presented. bTotal sample size was presented unless fewer than three studies were included 
in the calculation, in which case the individual studies’ samples sizes were presented. DCM: dilated cardiomyopathy; USA: United States of America; 
SD: weighted standard deviation.
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population) and 0.42% (PMBB population) [41]. These preva-
lence values may be an overestimation, especially compared 
with the prevalence of overall genetic variants in the general 
population. This could be due to differences in participant de-
mographics. The UK Biobank aimed to represent the general 
population, compared with the Geisinger or PMBB popula-
tions, which represented general clinical and tertiary care 
populations in the Pennsylvania region. Geisinger participants 
were recruited from a general clinical population while PMBB 
participants were from a tertiary care facility where a larger 
proportion of the participants have more advanced diseases. 
Furthermore, a higher proportion of PMBB participants were 
of African ancestry compared to Geisinger, 21% versus 2.8%, 
perhaps suggesting ethnic differences in TTN variant burden.

Our review also identified evidence of a small proportion 
(2.7% [50]) of people with DCM-associated genetic variants 
who are healthy and do not present with clinical DCM symp-
toms. This indicates an incomplete penetrance mechanism of 
variant pathogenicity. DCM-associated variants can be toler-
ated in some healthy individuals without developing clinical 
DCM. However, an individual is over seven times more likely 
to develop DCM if they have a DCM-associated variant. This 
result is similarly found in DCM-associated TTN (> 10 times 
more likely) and MYH7 (> 2 times more likely) variants. In-
terestingly, Dalin et al (2017) reported that 38.4% of healthy 
people have DCM-associated genetic variants [60]. The high 
prevalence of genetic variants in DCM-associated genes in 
healthy individuals is mostly due to the inclusion of missense 
mutations (single protein changing DNA nucleotide mutation) 
in the study’s pathogenic variant inclusion criteria. This type 
of non-synonymous mutation is not as detrimental to the pro-
tein function compared with other non-synonymous mutations 
since only one protein amino acid is changed. Most studies do 
not include missense mutations in determining pathogenic var-
iants. Excluding missense mutations from Dalin et al (2017), 
other non-synonymous mutations account for 1.2% of the 
healthy population, similar to the results reported in Ware et 
al (2018) [50]. No studies using data from children with DCM 
reported prevalence of genetic DCM in the general population 
or DCM-associated genetic variants in healthy populations.

Very few studies reported the prevalence of subclinical 
genetic DCM. In a study reporting the prevalence of overall 
genetic variants in pre-symptomatic familial DCM (35.07% 
[59]), the prevalence was higher than that reported in sympto-
matic DCM patients. This supports the hypothesis that DCM 
is a complex disease with heterogeneous genetic and environ-
mental factors [8]. These results combined with the prevalence 
of DCM-associated genetic variants within the healthy popula-
tion support the hypothesis that some of the predicted genetic 
variants may be required to occur in combination with other 
genetic variants and environmental stressors to determine dis-
ease pathogenesis, otherwise leading to unaffected carriers or 
subclinical disease presentations.

Lastly, previous reviews have discussed the underlying 
genetic mechanisms of DCM and how these mechanisms link 
to therapies [10]. As our understanding of these mechanisms 
evolves, subtypes of DCM can be further refined, and clinical 
management can ultimately be improved. Specifically, there is 
much opportunity in DCM for personalized medicine includ-

ing therapies targeted for specific pathogenetic variants. Such 
targeted approaches can lead to more effective treatments with 
potentially fewer side effects. Taken together with our find-
ings that DCM often has a substantial genetic component, and 
a significant portion of genetic carriers are often subclinical, 
further research should aim to investigate new therapies spe-
cific to different mechanisms and DCM-associated genes, as 
well as determine the most effective and safe treatments for 
pre-clinical asymptomatic DCM gene carriers.

Our review had several strengths. The literature searches 
in our review were comprehensive and included two major 
electronic databases, as well as several gray literature sources 
and hand-searching. Additionally, our evidence base included 
57 studies from over 22 countries, thus should be representa-
tive of the current published evidence. There are also several 
limitations to our review. Our review is limited to only stud-
ies published in English, which may introduce selection bias 
against studies from non-English-speaking countries. This 
bias is likely minimal as many studies in this review enrolled 
patients from countries outside of the United States and Eu-
rope including China (n = 5), Japan (n = 2), Singapore (n = 1), 
Thailand (n = 1), and Vietnam (n = 1; Supplementary Material 
3, www.currentsurgery.org). Findings on subclinical patients 
should be cautiously interpreted due to the low number of 
studies. As well, all studies that used genetic sequencing only 
focused on the protein coding exon region which accounts for 
only 2.8% of the human genome [79]. However, non-protein 
coding variants have been implicated in several human dis-
eases [80]. By only sequencing the coding region, the current 
literature may underestimate the prevalence of genetic deter-
minants in DCM etiology. Finally, the majority of studies only 
reported genetic variants that are predicted to be pathogenic 
according to the 2015 American College of Medical Genet-
ics and Genomics guidelines and standards [81]. This disre-
gards the “variants of unknown significance” which accounts 
for about 28.6% of individuals with cardiomyopathies, again 
possibly leading to underestimation of the prevalence of the 
genetic component in DCM [82]. This limitation in the current 
literature points to the need for more accurate ways to identify 
the subset of variants of unknown significance that are truly 
deleterious through large scale genotype-phenotype correla-
tion studies and complementary functional studies.

Conclusions

Globally, a significant proportion of adult patients with DCM 
have genetic factors contributing to disease etiology; more 
than half is comprised of variants in the TTN gene and around 
one-sixth is comprised of variants in the MYH7 gene. How-
ever, the current literature may present an underestimation of 
overall genetic factors due to underdiagnosis of earlier stages 
of DCM, limited widespread genetic screening in DCM pa-
tients, and lack of characterization of non-protein coding ge-
netic variant functions. Epidemiological studies using long-
read whole genome sequencing and large cohort datasets with 
genotype-phenotype correlation analyses and complementary 
functional studies are needed.
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