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Introduction: Mutations in PKD1 and PKD2 cause autosomal dominant polycystic kidney disease (ADPKD).

Experimental evidence suggests an important role of the polycystins in cardiac development and

myocardial function. To determine whether ADPKD may predispose to the development of cardiomyop-

athy, we have evaluated the coexistence of diagnoses of ADPKD and primary cardiomyopathy in our

patients.

Methods: Clinical data were retrieved from medical records for patients with a coexisting diagnosis of

ADPKD and cardiomyopathies evaluated at the Mayo Clinic (1984–2015).

Results: Among the 58 of 667 patients with available echocardiography data, 39 (5.8%) had idiopathic

dilated cardiomyopathy (IDCM), 17 (2.5%) had hypertrophic obstructive cardiomyopathy, and 2 (0.3%) had

left ventricular noncompaction. Genetic data were available for 19, 8, and 2 cases of IDCM, hypertrophic

obstructive cardiomyopathy, and left ventricular noncompaction, respectively. PKD1 mutations were

detected in 42.1%, 62.5%, and 100% of IDCM, hypertrophic obstructive cardiomyopathy, and left ventric-

ular noncompaction cases, respectively. PKD2 mutations were detected only in IDCM cases and were

overrepresented (36.8%) relative to the expected frequency in ADPKD (15%). In at least 1 patient from 3

IDMC families and 1 patient from a hypertrophic obstructive cardiomyopathy family, the cardiomyopathy

did not segregate with ADPKD, suggesting that the PKDmutations may be predisposing factors rather than

solely responsible for the development of cardiomyopathy.

Discussion: Coexistence of ADPKD and cardiomyopathy in our tertiary referral center cohort appears to be

higher than expected by chance. We suggest that PKD1 and PKD2 mutations may predispose to primary

cardiomyopathies and that genetic interactions may account for the observed coexistence of ADPKD and

cardiomyopathies.
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A
utosomal dominant polycystic kidney disease
(ADPKD) is characterized by relentless formation

of fluid-filled cysts in the kidney, leading eventually to
end-stage renal disease. It is caused by mutations to
PKD1 encoding polycystin-1 or PKD2 encoding
polycystin-2 (PC2).1–5 Polycystin-1 is a transmembrane
protein in the cell membrane and primary cilia where it
interacts with PC2.6–13 PC2 is a member of the transient

receptor potential channel family, found in the endo-
plasmic reticulum and in primary cilia. Polycystins,
particularly PC2, contribute to the regulation of cal-
cium release from intracellular stores.11–14

Polycystins are expressed in many tissues, including
tubular epithelia, endothelial and vascular smooth
muscle cells, and cardiomyocytes.15–20 In fact, ADPKD
is a systemic disease associated with several extrarenal
manifestations, including multiple cardiovascular
complications such as early development of hyperten-
sion, left ventricular hypertrophy, and diastolic
dysfunction; cardiac valvular disease; aortic root dila-
tation; arterial aneurysms and dissections; and peri-
cardial effusion.21 Although the cardiovascular
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manifestations of ADPKD have been thought to be due
to compression of the renal vasculature by cysts,
leading to hypertension and cardiac dysfunction,
increasing evidence suggests that alterations in poly-
cystin expression directly affect the function of the
endothelium,22 vascular smooth muscle,23 and car-
diomyocytes24 and may be at least in part responsible
for the cardiovascular manifestations of the disease.

Studies in experimental animal models strongly
suggest that the polycystins play a role in cardiac
development and myocardial function. We have pre-
viously suggested an association between ADPKD and
IDCM.25 A few cases of hypertrophic obstructive car-
diomyopathy (HOCM) and ADPKD have also been re-
ported.26,27 Left ventricular noncompaction (LVNC) is
being reported with increasing frequency in patients
with ADPKD. Patients with ADPKD may also have an
increased risk for the development of atrial fibrillation,
a common manifestation of cardiomyopathy, after
adjusting for other risk factors including hypertension,
hyperlipidemia, and chronic kidney disease.28 There-
fore we reviewed our ADPKD database to comprehen-
sively identify the cases of a diagnosis of IDCM,
HOCM, or LVNC coexisting with ADPKD. We found
that these diagnoses coexisted in this database with a
frequency that appears to be higher than expected by
chance association alone. However, they did not
segregate together in some members of 3 IDMC families
and 1 HOCM family. This suggests a possible genetic
interaction between these diseases rather than the PKD
mutations being a direct cause of the cardiomyopathies.
The purpose of this report is to raise awareness of this
possible association and genetic interaction.

SUBJECTS AND METHODS
Study Population

All adult patients with ADPKD who were evaluated at
the Mayo Clinic in Rochester, Minnesota, from January
1984 to December 2015 were identified (n ¼ 3885). The
diagnosis of ADPKD was based on Ravine’s criteria in
the presence of a positive family history. In the absence
of family history, the criteria for a diagnosis of ADPKD
were the presence of at least 20 bilateral renal cysts and
the absence of clinical findings suggesting the presence
of a different cystic disease.

Patients with cardiomyopathies were identified by
International Classification of Diseases, 9th Revision
(ICD-9) codes and a keyword search of clinical notes
through the Mayo Clinic database. The keywords
included heart failure, idiopathic dilated cardiomyopa-
thy, left ventricular noncompaction, and hypertrophic
obstructive cardiomyopathy. Medical records of all pa-
tients with potential cardiomyopathies were reviewed

thoroughly. A diagnosis of IDCM was made for patients
with a left ventricular ejection fraction (LVEF) # 40%
with exclusion of coronary artery disease (>50%
obstruction of 1 or more coronary arteries or positive
ischemia on stress test), exclusion of other secondary
causes such as active myocarditis or primary or sec-
ondary form of heart muscle disease, and exclusion of
advanced renal failure (estimated glomerular filtration
rate #15 ml/min or the need for renal replacement
therapy at time of the cardiomyopathy diagnosis). A
diagnosis of HOCMwasmade for patients with increased
left ventricular wall thickness ($15 mm) as determined
by any imaging modality (transthoracic echocardiogra-
phy, magnetic resonance imaging, or computerized
tomography). LVNC was diagnosed by transthoracic
echocardiography Jenni criteria (thickened left
ventricular wall consisting of 2 layers, evidence of flow
within the deep intertrabecular recesses on color
Doppler echocardiography, prominent trabecular
meshwork in the left ventricular apex or midventricular
segments of the inferior and lateral wall).

Demographics and clinical data were retrieved from
the patients’ electronic records. Estimated glomerular
filtration rate was calculated by using the Chronic
Kidney Disease Epidemiology Collaboration formula.29

The Mayo Clinic Institutional Review Board approved
the study, and all patients provided research
authorization.

Genetic Analysis

The entire coding and flanking intronic regions of
PKD1 and PKD2 were screened for mutations by direct
sequencing as previously described.30,31 Pedigrees
were completed for all families, and whenever possible,
the family members with known ADPKD and/or car-
diomyopathy were contacted.

Statistical Analysis

Data were reported as means � SD for normally
distributed data or median and interquartile range
(IQR) for skewed data. Survival status was obtained for
all patients using a vital records website (www.
archives.com).32 Patient survival was analyzed using
the Kaplan-Meier method.

RESULTS
Among the 3885 patients with ADPKD, 159 were
identified with a potential diagnosis of cardiomyopa-
thy, but 101 of these were excluded because of evi-
dence of cardiac ischemia, advanced renal failure, or
other secondary causes leading to cardiomyopathy
(Figure 1). Among the 58 patients included in this case
series, 39 had IDCM, 17 had HOCM, and 2 had LVNC.
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