
1

Received May 12, 2017; accepted September 11, 2017.
From the Division of Human Genetics (D.D.K., A.M., R.E.H.) and Cardiovascular Division (R.E.H.), Department of Internal Medicine, The Ohio State 

University Wexner Medical Center, Columbus; and Department of Bioethics & Humanities, University of Washington, Seattle (D.J.B., W.B.).
*A list of DCM Consortium participants who contributed to the submission of the grant proposal and funding supplement for this study is given in the 

Appendix. An updated list of DCM Consortium sites currently participating in the DCM Precision Medicine Study is available at http://www.dcmproject.com.
The Data Supplement is available at http://circgenetics.ahajournals.org/lookup/suppl/doi:10.1161/CIRCGENETICS.117.001826/-/DC1.
Correspondence to Daniel D. Kinnamon, PhD, The Ohio State University Wexner Medical Center, 460 W 12th Ave, Columbus, OH 43210, E-mail 

Daniel.Kinnamon@osumc.edu or Ray E. Hershberger, MD, The Ohio State University Wexner Medical Center, 460 W 12th Ave, Columbus, OH 43210, 
E-mail Ray.Hershberger@osumc.edu

Dilated cardiomyopathy (DCM), defined as the presence 
of both left ventricular enlargement and systolic dys-

function, is a leading cause of heart failure (HF), with 30% 
to 50% of enrolled patients in many HF registries and clini-
cal trials having nonischemic DCM.1 Most of these patients 
have idiopathic DCM, for which usual clinical investigations 
to understand cause, excluding genetic evaluation, have been 
completed and are negative.2 Because these individuals may 
have had asymptomatic left ventricular enlargement, systolic 
dysfunction, or idiopathic DCM for many years before pre-
senting with HF, arrhythmia, or embolus,3,4 there is a sig-
nificant opportunity to delay or stop progression to HF with 
early intervention.2 The potential benefits are compelling: 
HF has a 5-year survival of ≈50%1 and is expected to affect 
>8 million US adults and cost $69.7 billion, or ≈$244 per US 
adult, by 2030.5

A meta-analysis of single-center studies suggests that 
there is evidence of familial disease in 23% of idiopathic 
DCM cases.6 Such familial DCM cases are considered to 
have a genetic cause,7 which has led us to hypothesize that 
all idiopathic DCM, whether familial or nonfamilial, has a 
genetic basis. If this hypothesis is correct, a genetics-driven, 
family-based approach to early intervention in at-risk indi-
viduals could be fruitful for idiopathic DCM more generally.8 
However, the available evidence on the prevalence of familial 
DCM among idiopathic DCM cases and the genetic archi-
tecture of idiopathic DCM is currently insufficient to make a 
compelling case for a family-centric model of care. Moreover, 
there are many unresolved challenges in implementing a fam-
ily-centric model of care for any disease. These issues, consid-
ered in greater detail below, led to the design and launch of the 
DCM Precision Medicine Study.

Background—The cause of idiopathic dilated cardiomyopathy (DCM) is unknown by definition, but its familial subtype is 
considered to have a genetic component. We hypothesize that most idiopathic DCM, whether familial or nonfamilial, has 
a genetic basis, in which case a genetics-driven approach to identifying at-risk family members for clinical screening and 
early intervention could reduce morbidity and mortality.

Methods—On the basis of this hypothesis, we have launched the National Heart, Lung, and Blood Institute- and National 
Human Genome Research Institute-funded DCM Precision Medicine Study, which aims to enroll 1300 individuals (600 
non-Hispanic African ancestry, 600 non-Hispanic European ancestry, and 100 Hispanic) who meet rigorous clinical 
criteria for idiopathic DCM along with 2600 of their relatives. Enrolled relatives will undergo clinical cardiovascular 
screening to identify asymptomatic disease, and all individuals with idiopathic DCM will undergo exome sequencing to 
identify relevant variants in genes previously implicated in DCM. Results will be returned by genetic counselors 12 to 
14 months after enrollment. The data obtained will be used to describe the prevalence of familial DCM among idiopathic 
DCM cases and the genetic architecture of idiopathic DCM in multiple ethnicity–ancestry groups. We will also conduct 
a randomized controlled trial to test the effectiveness of Family Heart Talk, an intervention to aid family communication, 
for improving uptake of preventive screening and surveillance in at-risk first-degree relatives.

Conclusions—We anticipate that this study will demonstrate that idiopathic DCM has a genetic basis and guide best practices 
for a genetics-driven approach to early intervention in at-risk relatives.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT03037632.    
(Circ Cardiovasc Genet. 2017;10:e001826. DOI: 10.1161/CIRCGENETICS.117.001826.)
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Prevalence of Familial DCM
Although the occurrence of familial DCM in a significant 
proportion of idiopathic DCM cases has been established,6,9 
uncertainty among cardiovascular practitioners on its preva-
lence persists. Because DCM is clinically silent until late in its 
course,7 self-reported family history has low sensitivity, and 
clinical screening of relatives with echocardiography is neces-
sary to discover familial disease.10 As a result, cardiovascular 
practitioners may systematically underestimate the prevalence 
of familial DCM based on their own clinical experience. 
Unfortunately, the scientific literature adds to this uncertainty. 
Published estimates of the prevalence of familial DCM among 
idiopathic DCM cases vary widely, ranging from 2% to 65% 
in 23 single-center studies.6,9 This marked heterogeneity stems 
in part from the variable definitions of familial DCM across 
studies, which range from positive family history alone to 
DCM in at least 2 relatives.6

Genetic Architecture
The genetic architecture of a phenotype is a description of 
how genetic factors influence its manifestation.11,12 These fac-
tors include the loci affecting the phenotype, their interactions 
with each other and the environment, the effects of particu-
lar alleles at these loci, and the frequencies of these alleles/
genotypes in the population.11,12 For DCM, the genetic archi-
tecture is still being characterized.2,7,8,13 Although a consensus 
has emerged that genetic cause underlies familial DCM,13 both 
US and European consensus documents consider the role of 
genetics as an open question for idiopathic DCM cases with 
negative family histories. The most recent US consensus docu-
ment classified hypertrophic cardiomyopathy and arrhythmo-
genic right ventricular cardiomyopathies and channelopathies 
as genetic but classified DCM as mixed.14 The 2013 American 
College of Cardiology Foundation/American Heart Associa-
tion Heart Failure Guidelines were silent on this question, cit-
ing the US consensus document and noting that classification 
is challenging.1 The European consensus document classified 
familial DCM, along with hypertrophic cardiomyopathy and 
arrhythmogenic right ventricular cardiomyopathy, as genetic, 
but also noted that DCM could result from a variety of envi-
ronmental impacts (eg, hypertension, viral infections).15 
A more recent European position statement has discussed 
genetic causes for DCM but noted that the inheritance model 
is still being elucidated and that environmental causes, either 
alone or in combination with genetic predisposition, may 
underlie disease.16

In targeted resequencing studies of 11 candidate genes 
in a series of 312 individuals with idiopathic DCM, we 
observed similar frequencies of variants in familial and 
nonfamilial cases.17 Our finding suggests that nonfamilial 
idiopathic DCM may also have a genetic basis. However, 
nonfamilial cases were categorized mostly on the basis of 
a negative family history,18,19 potentially missing cases that 
would have been identified by systematic clinical screening 
of family members.10

Racial and Ethnic Minorities
Because almost all genetic investigations to date have been 
conducted in individuals of European ancestry (EA), data on 

individuals of African ancestry (AA) and Hispanic ethnicity 
(HE) are lacking. The paucity of data on individuals of AA 
is particularly problematic; nonischemic DCM is considered 
to be more prevalent in AA, with earlier age of onset and 
worse outcomes in most,20–23 but not all,24 studies. Although 
environmental risk factors, such as hypertension20 or adverse 
socioeconomic status,25 are known to be more prevalent in 
AA, an analysis of cardiovascular mortality from the Stud-
ies of Left Ventricular Dysfunction that controlled for these 
issues suggested that individuals of AA still had increased 
mortality compared with EA.26 A natural question, then, is 
whether the genetic architecture of DCM differs in AA, but 
such questions cannot be answered without additional data on 
minority populations.

Challenges of Family-Centric Early Intervention
A diagnosis of idiopathic DCM should trigger family-based 
evaluation,27 as early intervention with DCM may forestall the 
onset of advanced HF. However, a family-centric model for 
early intervention presents formidable implementation chal-
lenges not encountered in conventional patient-centric treat-
ment of symptomatic DCM. Chief among these is the fact that 
the clinician often cannot communicate directly with at-risk 
family members and so must transmit complex genetic infor-
mation and recommendations through the patient. Research on 
high-risk breast and colon cancer cases and their first-degree 
relatives (FDRs) has found that communication about risk 
does not flow seamlessly among family members28,29 and often 
does not motivate clinical screening or genetic testing.30 In car-
diomyopathies, retrospective single-center studies of mostly 
hypertrophic cardiomyopathy cases have also demonstrated 
incomplete uptake of genetic counseling (40%), genetic testing 
(39%–51%), and cardiovascular screening (76%) among FDRs 
for whom these interventions are indicated.31,32 Moreover, best 
practices for communication of genetic test results may also 
depend on cultural or social context. For example, studies have 
found that uptake of BRCA1/2 tests to identify inherited risk 
for breast/ovarian cancer was lower among AA compared with 
EA.33,34 At present, methods for addressing these implementa-
tion challenges in DCM have not been studied.

Methods
Design
The DCM Precision Medicine Study is a cross-sectional observation-
al study of families with an embedded open-label randomized con-
trolled trial. An overview of the study flow is provided in Figure 1. 
We aim to recruit 1300 individuals (600 non-HE AA [NHE-AA], 
600 NHE-EA, and 100 HE; 50% female) meeting rigorous diagnos-
tic criteria for idiopathic DCM (Table 1) and 2600 of their relatives. 
These probands (Table 2) are inpatients or outpatients identified by 
HF and cardiac transplant cardiovascular physicians and clinical re-
search personnel in HF/heart transplant programs at sites in the DCM 
Consortium (Appendix; see also http://www.dcmproject.com). The 
DCM phenotype was selected for this study because of its prevalence 
and its prior inclusion in the development of virtually all pharmaco-
therapy for nonischemic HF from reduced ejection fraction. Hence, 
any genetic insights gained should be able to be broadly generalized 
for the greatest public health impact.

Accrual began in June 2016 and is currently underway. To en-
sure attainment of the overall recruitment targets above, the study 
has implemented site-specific race, ethnicity, and sex enrollment 
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expectations and provides site-specific and overall study reporting of 
enrollment data to all active sites every 2 weeks.

Objectives
The observational study will yield estimates of the prevalence of fa-
milial DCM (Table 2) among probands in multiple ethnicity–ancestry 
groups. It will also provide estimates of the probability of finding a 
plausible genetic cause (Table 2) in a proband of a particular ethnic-
ity–ancestry and familial/nonfamilial DCM classification. The ran-
domized controlled trial will test the effectiveness of an intervention, 
Family Heart Talk, for improving the uptake of preventive screening 
and surveillance in at-risk FDRs.

Organizational Structure
The DCM Precision Medicine Study is executed under the auspices 
of the multisite DCM Consortium (Appendix; see also http://www.
dcmproject.com). The purpose of the DCM Consortium, created and 
directed by the study principal investigator (R.E.H.), is to conduct 
DCM genetics and genomics research. The Ohio State University 
(OSU) is the lead site of the DCM Consortium, the coordinating site 

for this study, and a clinical site responsible for recruiting and enroll-
ing probands and relatives. The remaining sites are clinical sites that 
are also responsible for recruiting and enrolling probands and rela-
tives. DCM Consortium contracts negotiated between the lead site 
and each clinical site established research relationships for regulatory 
and related items. Following local Institutional Review Board appli-
cations and approvals for a preliminary version of the DCM Precision 
Medicine Study, patient protected health information and biological 
materials could be transferred to the coordinating site to demonstrate 
feasibility and to obtain preliminary data for a National Institutes 
of Health R01 funding application. After funding, the Institutional 
Review Boards at The Ohio State University and all clinical sites ap-
proved the DCM Precision Medicine Study. Written informed con-
sent is obtained from all subjects.

Inclusion/Exclusion Criteria
Probands must meet diagnostic criteria for idiopathic DCM (Table 1), 
be in one of the target ethnicity–ancestry groups (Figure 1), be able to 
communicate in English (or in Spanish at sites approved to recruit in-
dividuals of HE), be able to give informed consent (or assent and pa-
rental consent for children), and be willing and able to participate in 

Figure 1.  Flow of study processes for a single family. DCM indicates dilated cardiomyopathy.
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a family-based study. Relatives must satisfy these same requirements 
except for meeting diagnostic criteria for idiopathic DCM. Risk fac-
tors considered conventional for DCM, such as obesity, routinely 
treated hypertension, alcohol use/abuse, peripartum cardiomyopathy, 
or the presence of left ventricular noncompaction, are not used as 
exclusion criteria.

Recruitment of Relatives
Probands are asked at the time of enrollment to refer all living FDRs 
and any affected family member with heart disease, including idio-
pathic DCM, to the study. Study staff at the coordinating and clinical 
sites work with the probands to follow up on these referrals and enroll 
the relatives. Relatives known or found to be affected with idiopathic 
DCM are asked to refer their family members to expand the family’s 
pedigree. Relatives are not contacted by study personnel without oral 
consent for contact. This permission to contact is transmitted to study 
personnel in most cases via the proband; the family member may also 
contact study staff directly. At enrollment, the proband is requested to 
document, in writing, that contact information will only be provided 
with the family member’s consent.

Family Heart Talk Intervention
Family Heart Talk was developed to help probands communicate 
DCM risk and stimulate clinical screening of their family mem-
bers. It is based on the Leventhal Self-Regulation Model of Health 
Behavior36 and is modeled after a previously developed web-based 
family communication intervention (D.J.B., W.B.) for melanoma 
survivors that resulted in increased family communication about 
shared risk.37 Family Heart Talk has been vetted by a focus group 
of cardiovascular and genetics experts and in structured interviews 
with DCM patients.

The Family Heart Talk intervention consists of a guide to fam-
ily communication about DCM provided in both print and web-
based forms. It includes visuals and lay language explanations of the 

evaluation and care of individuals with DCM, including the necessity 
of a clinical cardiac evaluation in family members because DCM can 
be asymptomatic. It also provides guidance on talking with family 
members about DCM risk and includes samples of e-mails and letters.

Randomization
Probands receive either standard study information (control group) or 
Family Heart Talk along with this information (intervention group) 
at the time of enrollment. Standard study information includes a 
study brochure with information for family members, a Dear Family 
Member letter, and a letter to physicians of family members. Proband 
enrollment kits for each ethnicity–ancestry stratum (NHE-AA, NHE-
EA, or HE) at each clinical site are assembled at the coordinating site 
and are marked with accession codes specifying the clinical site, the 
ethnicity–ancestry stratum, and the order of use that can be seen by 
personnel enrolling probands. If the randomization assignment cor-
responding to the kit’s accession code is to the intervention group, 
printed Family Heart Talk materials and a login and password for ac-
cessing an electronic version of these materials on our website (http://
www.dcmproject.com) are inserted. After assembly is complete, the 
opaque shipping envelope containing the kit is sealed. Recruiting 
staff enrolling a proband at a clinical site select the kit with the next 
sequential accession code for the proband’s self-identified ethnici-
ty–ancestry stratum, and the intervention assignment is revealed to 
the recruiting staff only after the kit is opened. This assignment is 
recorded on study documents returned to the coordinating site and 
compared against the actual randomization assignment for the kit in 
the database.

The randomization assignment for each accession code is based 
on randomization schedules that were generated independently for 
each ethnicity–ancestry stratum within each recruitment site. For 
each stratum, the randomization list was generated using randomly 
permuted blocks with equal treatment allocations and an equiprob-
able random block size of 2, 4, or 6. The randomization schedule 
for each stratum has more than enough randomization assignments 

Table 1.  Diagnostic Criteria for Idiopathic DCM

Criterion

Left ventricular ejection fraction <50%

Left ventricular enlargement (echo-derived left ventricular end-diastolic dimension ≥95th percentile for sex/height)35

Exclusion of all of the following at the time of primary DCM diagnosis:

 ��� CAD causing ischemic cardiomyopathy (>50% narrowing, any major epicardial coronary artery; clinical testing is indicated to exclude CAD routinely in (1) males 
>40 y or females >45 y without risk factors and (2) males or females >30 y with risk factors)

 ��� Primary valvular disease

 ��� Cardiotoxic drug exposure, including Adriamycin and other cancer chemotherapeutics

 ��� Other forms of cardiomyopathy (eg, hypertrophic cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, restrictive cardiomyopathy, Chagas 
cardiomyopathy)

 ��� Congenital/structural heart disease

 ��� Sarcoid

 ��� Amyloid

 ��� Iron overload

 ��� Other active multisystem disease that may plausibly cause DCM (eg, hypereosinophilic syndrome, cardiac involvement with connective tissue disease, Loeffler 
endocarditis, endomyocardial fibrosis)

 ��� Severe and untreated or untreatable hypertension*

Exclusion beyond a reasonable doubt of all other detectable causes of cardiomyopathy (other than genetic) at the time of primary DCM diagnosis using a rigorous 
clinical standard congruent with an expert approach rendered by a board-certified heart failure/transplant cardiologist

CAD indicates coronary artery disease; and DCM, dilated cardiomyopathy.
*Severe hypertension is defined as systolic blood pressures routinely >180 mm Hg, diastolic blood pressures >120 mm Hg, or both. Untreated hypertension is an 

individual receiving no medications, and untreatable hypertension is an individual with severe hypertension persisting despite multidrug regimens, associated with other 
multisystem disease (eg, scleroderma, other vasculitides, etc.), or both.
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to accommodate projected recruitment, and additional randomization 
schedules can be generated for new DCM Consortium sites using the 
same procedure.

Baseline Clinical Data Collection
On enrollment, all probands and relatives are interviewed by study per-
sonnel. A cardiovascular history questionnaire is collected, and a ques-
tionnaire probing quality of life, health behaviors, and family dynamics 
is administered. All probands are also provided a comprehensive fam-
ily history questionnaire, which is completed after enrollment. Study 
personnel from OSU contact probands by telephone within 1 to 3 days 
after enrollment and expand the family history and construct a pedi-
gree that is maintained in the study database. The pedigree is further 
augmented with the return of the family history questionnaire to OSU.

After enrollment, study personnel complete a medical record 
questionnaire for probands, which details all aspects of their disease 
onset, evaluation, and past and current treatment. All information is 
supported by medical records, which are electronically transmitted 
to OSU. An OSU collaborating cardiologist reviews all data submit-
ted for each proband to ensure that study inclusion/exclusion criteria 
have been met, and, if so, a diagnosis of idiopathic DCM is entered 

into the study database. A similar process is applied to family mem-
bers with known or suspected DCM or other cardiovascular disease; 
medical record questionnaires are completed by study personnel, and 
cardiovascular medical records are obtained and systematically re-
viewed. Family members must meet the same stringent requirements 
as probands to be diagnosed with DCM. All information is stored in 
the study database.

OSU clinical study personnel have been trained by a study genet-
ic counselor in taking a cardiovascular family history and preparing 
pedigrees. Site personnel are trained in all study procedures, includ-
ing taking and recording family histories and proper completion of 
all study documents, by the study principal investigator, the study 
clinical research manager, and the study genetic counselor at site ac-
tivation events.

Baseline Biospecimen Collection
Peripheral blood is drawn and sent to the DCM Consortium biobank 
at Nationwide Children’s Hospital for production of DNA (all indi-
viduals) and preservation of viable lymphocytes (individuals with 
an idiopathic DCM diagnosis only). All steps of phlebotomy, blood 
handling and shipment, blood receipt, DNA preparation, and stor-
age at the study biobank follow Clinical Laboratory Improvement 
Amendments (CLIA) guidelines and preserve CLIA chain of custody. 
CLIA chain of custody is also maintained when DNA specimens are 
shipped to the CLIA clinical sequencing laboratory at the University 
of Washington, where a portion of the DNA samples are transferred 
to the non-CLIA research laboratory at the University of Washington 
for exome sequencing. Variants identified at exome sequence analy-
sis and considered clinically relevant undergo Sanger sequencing in 
the University of Washington CLIA-compliant clinical sequencing 
laboratory.

Clinical Screening of Relatives
For relatives who have not yet had clinical screening but are pre-
sumed free of cardiovascular disease, clinical (phenotype) screen-
ing, consisting of a cardiovascular-directed history and examination, 
ECG, and a transthoracic echocardiogram, is conducted at a nearby 
DCM Consortium site (if geographically feasible) or at the relative’s 
physician as part of recommended clinical care.27,38 Screening results 
are transmitted to OSU and reviewed to exclude DCM. Abnormal 
clinical results obtained from study-initiated research-based screen-
ing are returned to participants by study personnel at the site where 
the family member was enrolled with recommendations for addi-
tional (nonresearch) clinical cardiovascular evaluation. For all such 
participants who undergo additional testing, their subsequent clinical 
cardiovascular medical records are requested and reviewed to confirm 
the presence or absence of idiopathic DCM.

Genotyping
Research exome sequencing and array-based genotyping of individu-
als with idiopathic DCM diagnoses are conducted at the University 
of Washington Genome Sciences laboratory, and genomic data files 
are transferred to the Division of Human Genetics Data Management 
Platform at the Ohio Supercomputer Center for further analysis of a 
panel of genes considered clinically relevant for DCM (Table I in the 
Data Supplement) by staff at the coordinating site. Exome sequenc-
ing, rather than sequencing a large DCM gene panel, was consid-
ered the safest remedy should a novel high-impact gene not yet on 
any clinical panel be discovered during the study. Exome sequence 
also provides a basis for future discovery studies; funding limitations 
permitted neither discovery studies nor genome sequencing to be in-
cluded in the current study.

Variant Analysis and Interpretation
Our approach to adjudicating variants is tailored after that used 
by the ClinGen initiative.39 Each variant passing quality con-
trol in these genes is assigned to one of the American College of 
Medical Genetics variant categories: pathogenic, likely pathogenic, 

Table 2.  Definitions of Terms

Term Definition

Proband
The first individual from a particular family who meets 
diagnostic criteria for idiopathic DCM (Table 1) and 
enrolls in the study.

Familial DCM
Idiopathic DCM along with at least 1 first- or second-
degree relative with confirmed idiopathic DCM.

Nonfamilial 
DCM

Idiopathic DCM not meeting the definition of familial, 
including when no first- or second-degree relatives 
complete clinical screening.

Plausible 
genetic cause

At least 1 variant in one or more of the DCM-relevant 
genes selected for this study adjudicated pathogenic or 
likely pathogenic without using familial genetic data.

HE
An individual who self-identifies as Cuban, Mexican, 
Puerto Rican, South or Central American, or another 
culture of Spanish origin.

Self-identified ancestry categories

 ��� AA
An individual who self-identifies as Black or African 
American either alone or in combination with White.

 ��� EA An individual who self-identifies as only White.

 ��� NAA
An individual who self-identifies as an American Indian or 
Alaska Native either alone or in combination with White.

Genomic ancestry categories

 ��� AA

An individual with >50% of ancestry estimated to 
derive from the populations represented in the African 
reference samples, regardless of the estimated ancestry 
proportions for other continental groups.

 ��� EA

An individual with at least 87.5% of ancestry estimated 
to derive from the populations represented in European 
reference samples, regardless of the estimated ancestry 
proportions for other continental groups.

 ��� NAA

An individual with >50% of ancestry estimated to 
derive from the Native American reference population(s) 
or apparent ancestral population, regardless of the 
estimated ancestry proportions for other continental 
groups.

AA indicates African ancestry; DCM, dilated cardiomyopathy; EA, European 
ancestry; HE, Hispanic ethnicity; and NAA, Native American ancestry.
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variant of uncertain significance, likely benign, or benign.40 A Variant 
Adjudication Oversight Committee is charged with approving the crite-
ria used for these assignments. Variants considered pathogenic or likely 
pathogenic and variants of uncertain significance that may be reclassi-
fied based on assessment of segregation are resequenced in the DNAs 
from probands and their available informative family members with 
CLIA-compliant Sanger sequencing at the University of Washington. 
These data are used for variant confirmation and, along with exome 
sequence data from affected family members, assessment of segrega-
tion in adjudication.

Return of Genetic Results
Genetic test results for DCM-relevant genes will be returned to pro-
bands 12 to 14 months after proband enrollment. If pathogenic or 
likely pathogenic variants are found in the proband, at-risk relatives 
who have DNAs available for CLIA-compliant resequencing will 
also receive their genetic test results for these variants at this time. 
Exome sequence data will not be analyzed for secondary genetic 
findings outside of DCM-relevant genes. Results will be returned to 
consented individuals by study genetic counselors via telephone calls 
along with a report and counseling letter. Recommendations with re-
gard to follow-up surveillance will be tailored according to Figure 2.

Annual Follow-Up
Study staff will recontact probands by telephone after return of genet-
ic results and annually thereafter to administer questionnaires prob-
ing quality of life, health behaviors, and family dynamics.

Statistical Analysis

Observational Study
We are interested in whether genomic background, cultural and social 
background (eg, through greater or lesser exposure to environmental 
risk factors), or both influence the prevalence of familial DCM or the 
probability of finding a plausible genetic cause in probands. Ancestry 
can be measured by self-identification or genomic analysis; these 
measures are often highly, although not perfectly, correlated41,42 and 
so would both reflect genomic and cultural and social background. 
Moreover, self-identified ancestry is most likely to be used in clinical 
care. Therefore, we will perform separate analyses for observation-
al study outcomes using both self-identified and genomic ancestry 
categories (Table 2). Genomic ancestry will be determined based on 
global ancestry proportions inferred from array-based genotypes us-
ing established techniques, such as the widely vetted STRUCTURE 
model43 implemented in ADMIXTURE software.44 Probands not fall-
ing into one of these genomic ancestry categories will be excluded 

from that analysis. Ethnicity, which is a cultural construct, will be 
based on self-identification in both analyses.

Because of the diverse referral populations across the centers in 
this study and the previously observed heterogeneity in single-site 
estimates of the prevalence of familial DCM in probands,6 we expect 
to observe variation in observational study outcomes between sites 
and ethnicity–ancestry groups beyond what can be explained by sam-
pling error alone. For this reason, our statistical analyses for all obser-
vational study outcomes will use generalized linear mixed models,45 
which allow modeling of this heterogeneity. We will include normal-
ly distributed random effects for site and ethnicity–ancestry group 
(NHE-AA, NHE-EA, HE-AA, HE-EA, and HE Native American 
ancestry) within site for all observational study outcomes. The site-
level random effects are designed to reflect site-specific characteris-
tics that would affect all ethnicity–ancestry groups in the same way, 
and the site–ethnicity–ancestry random effects are designed to reflect 
factors that may cause variation among ethnicity–ancestry groups at 
the same site.

The prevalence of familial DCM among probands will be ana-
lyzed using a logistic-normal generalized linear mixed model with 
the proband’s familial classification as the outcome. The linear pre-
dictor will include fixed effects for ethnicity–ancestry group, age 
quartile, and sex along with the random effects previously described. 
We will estimate the marginally standardized predicted probabilities 
of familial DCM in populations of AA or EA probands at a typical 
site and their difference.45–47

Genetic architecture will be explored using a logistic-normal 
generalized linear mixed model with the presence or absence of a 
plausible genetic cause as the outcome. The linear predictor will in-
clude fixed effects for ethnicity–ancestry group interacted with famil-
ial classification, age quartile, and sex along with the random effects 
previously described. We will estimate the marginally standardized 
predicted probabilities for populations of familial or nonfamilial pro-
bands, for populations of AA or EA probands, and their differences 
at a typical site. Note that, because variant adjudication criteria often 
use segregation among multiple affected family members as a crite-
rion for determining pathogenicity, we ignore the evidence provided 
by familial genetic data in our definition of plausible genetic cause 
(Table 2) to avoid bias in comparisons between familial and nonfa-
milial probands.

Randomized Trial
There 2 two primary endpoints for measuring effectiveness of the in-
tervention: (1) whether a living FDR without a previously confirmed 
idiopathic DCM diagnosis completes clinical screening within 12 
months after proband recruitment; and (2) whether a living FDR ad-
heres to appropriate surveillance recommendations for his or her situ-
ation (Figure 2) during the 15 months after genetic testing results are 

Figure 2.  Surveillance recommendations 
for first-degree relatives (FDRs). DCM indi-
cates dilated cardiomyopathy; LP, likely 
pathogenic; and P, pathogenic.
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first released to the family. For the first endpoint, living FDRs without 
a previously confirmed idiopathic DCM diagnosis will be considered; 
the second endpoint will consider all living FDRs. Living FDRs who 
do not enroll in the study will be considered noncompleters for the 
screening endpoint and nonadherent for the surveillance endpoint. 
For the surveillance endpoint, failure to complete clinical screen-
ing (if not previously completed), failure to obtain a recommended 
surveillance procedure (hypovigilance), or obtaining a surveillance 
procedure that was not recommended (hypervigilance) within the 
appropriate timeframe will be counted as nonadherence. Endpoints 
have been defined using only FDRs rather than including more dis-
tantly related relatives because the proband is more likely to commu-
nicate regularly with FDRs and family information commonly flows 
through next of kin.

Because randomization is performed within ethnicity–ancestry 
strata at each site and the intervention is administered at the family level 
via the proband, this trial is stratified and cluster randomized,48 with 
each family defining a cluster. For each primary endpoint, we will fit a 
logistic-normal generalized estimating equation-type generalized linear 
mixed model45 to the outcomes in individual FDRs. The linear predictor 
will include fixed effects for randomization assignment (Family Heart 
Talk or control), age quartile, sex, and proband-reported family history 
of DCM (present or absent). Stratified randomization will be accounted 
for by including random effects for site and ethnicity–ancestry stratum 
(NHE-AA, NHE-EA, or HE) within site. Note that stratum effects are 
modeled in this manner rather than with fixed effects to avoid estima-
tion problems arising from relatively large number of planned strata. 
Correlation between the outcomes of FDRs of the same proband will 
be modeled with a compound symmetry working correlation structure. 
The null hypothesis for each endpoint is that the odds ratio between the 
Family Heart Talk and control arms is ≤1, and the alternative hypothesis 
is that it is >1. The α level for each primary endpoint will be 0.05.

Sample Size Justifications
Monte Carlo simulations were used to estimate the precision of es-
timates for observational study outcomes and the power to detect 
an effective intervention for the randomized trial. Results are sum-
marized below; full details are provided in the Methods in the Data 
Supplement.

Observational Study
Under our assumptions, this study has at least an 80% chance of rul-
ing out the following at an α of 0.05: (1) a prevalence of familial 
DCM <0.249 in self-identified AA and EA probands and differences 
between these populations of >0.121 at a typical site; (2) probabilities 
of plausible genetic cause <0.290 in nonfamilial probands and differ-
ences between familial and nonfamilial probands of >0.136 at a typi-
cal site; and (3) probabilities of plausible genetic cause <0.287 for 
self-identified AA and EA probands and differences between these 
populations of >0.137 at a typical site.

Randomized Trial
The randomized trial has at least 99% power to detect an effective 
intervention at an α of 0.05 for each endpoint under our assumptions.

Discussion
The DCM Precision Medicine Study will rigorously obtain 
phenotype and pedigree data on a large, multiracial cohort of 
idiopathic DCM cases and their family members, identify rel-
evant genetic variants through exome sequencing, and return 
the results from known DCM genes to probands and affected 
family members. With the data from this cohort, we will obtain 
precise estimates of the prevalence of familial DCM among AA 
and EA probands and the proportion of probands with plausible 
genetic cause by ancestry and familial/nonfamilial classifica-
tion. If our hypothesis is correct, this study is likely to estab-
lish a higher prevalence of familial DCM than is indicated by 

the extant literature and a genetic cause for nonfamilial idio-
pathic DCM. We will also obtain valuable knowledge on family 
dynamics and interactions around return of genetic results and 
rigorously test the effectiveness of a family communication tool 
with a well-powered randomized trial. The results of this study 
could hasten the adoption of a genetics-driven approach to early 
intervention in at-risk relatives of individuals with idiopathic 
DCM while also guiding best practices for its implementation.
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