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Abstract
Purpose  Data on the epidemiology of cardiovascular diseases (CVD) in patients with autosomal dominant polycystic kid-
ney disease (ADPKD) are limited. In this study, we assess the prevalence of CVD in patients with ADPKD and evaluate 
associations between these two entities.
Methods  Using the National Inpatient Sample database, we identified 71,531 hospitalizations among adults aged ≥ 18 years 
with ADPKD, from 2006 to 2014 and collected relevant clinical data.
Results  The prevalence of CVD in the study population was 42.6%. The most common CVD were ischemic heart diseases 
(19.3%), arrhythmias (14.2%), and heart failure (13.1%). The prevalence of CVD increased with the severity of renal dys-
function (RD). We found an increase in hospitalizations of patients with ADPKD and CVD over the years (ptrend < 0.01), 
irrespective of the degree of RD. CVD was the greatest independent predictor of mortality in these patients (OR: 3.23; 
95% CI 2.38–4.38 [p < 0.001]). In a propensity matched model of hospitalizations of patients with CKD with and without 
ADPKD, there was a significant increase in the prevalence of atrial fibrillation/flutter (AF), pulmonary hypertension (PHN), 
non-ischemic cardiomyopathy (NICM), and hemorrhagic stroke among patients with ADPKD when compared to patients 
with similar degree of RD without ADPKD.
Conclusions  The prevalence of CVD is high among patients with ADPKD, and the most important risk factor associated 
with CVD is severity of RD. We found an increase in the trend of hospitalizations of patients with ADPKD associated with 
increased risk of AF, PHN, NICM, and hemorrhagic stroke. History of CVD is the strongest predictor of mortality among 
patients with ADPKD.
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ADPKD	� Autosomal dominant polycystic kidney disease
CVD	� Cardiovascular disease
CKD	� Chronic kidney disease
NIS	� National Inpatient Sample
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ESRD	� End-stage renal disease
AF	� Atrial fibrillation/flutter
PHN	� Pulmonary hypertension
NICM	� Non-ischemic cardiomyopathy
RD	� Renal dysfunction

Introduction

Autosomal dominant polycystic kidney disease (ADPKD) 
is a genetically inherited disorder leading to a myriad of 
renal and extrarenal manifestations. It is characterized by 
the progressive cystic dilation of renal tubules resulting 
in end-stage kidney disease due to fibrosis [1]. ADPKD 
is a disease of all races with a prevalence of 1:400 to 
1:1000 and accounts for up to 5% of individuals who 
initiate dialysis in the United States every year [2, 3]. 
ADPKD is the fourth most common reason for initia-
tion of dialysis worldwide [4]. It is caused by a variety 
of genetic mutations, such as polycystin 1 and polycystin 
2, and, less commonly, glucosidase II alpha subunit and 
phosphomannomutase 2 [5]. People afflicted with this 
disease have a 1.6–3.2-fold higher mortality rate com-
pared to the general population [6]. Moreover, with the 
advances in renal replacement therapies for patients with 
end-stage renal disease (ESRD), cardiovascular diseases 
have emerged as a major cause of morbidity and mortal-
ity in patients with ADPKD [7, 8]. A retrospective study 
of 426 patients with ADPKD by Hela et al. found that 
the most common cardiovascular manifestations reported 
were arrhythmias (25.9%), followed by peripheral vascular 
disorders (16.5%), and valvular heart disease (14.4%) [9]. 
Another study by Fick et al. found that out of 129 patients 
with ADPKD, 89% and 81% had cardiac hypertrophy and 
coronary artery disease on autopsy, respectively [10]. 
Moreover, the most common comorbidities recognized in 
ADPKD patients with CVD were hypertension (86.6%) 
and dyslipidemia (45.7%) [9]. The available studies on 
this subject are limited by their smaller sample size and, 
as such, prevalence of the various subtypes of CVD and 
their impact on patients with ADPKD remains elusive.

This study focuses on the epidemiology of different car-
diovascular manifestations and identifies the clinical vari-
ables and outcomes associated with CVD in patients with 
ADPKD. The study also evaluates the impact of ADPKD 
on the prevalence of different CVD.

Methods

Data source

The National Inpatient Sample (NIS) database was cre-
ated by the Agency of Healthcare Research and Quality 
(AHRQ) in the United States. It presents a sample of 20% 
of all inpatient discharges across different hospitals [11]. It 
provides the public with a broad set of data on individual 
hospitalizations. The database includes patient’s age and 
gender, length of hospital stay, cost of hospitalization, 
mortality rates, comorbidities, in-hospital complications, 
in-hospital procedures and type of admission (emergency 
or elective). The data used in this study were from the 
years 2006 to 2014, inclusive. Recently, the AHRQ issued 
a change in the NIS design and how patient discharges are 
weighed to provide closer national estimates when per-
forming trend analysis [11, 12]. To date, the new variable 
“Trend Weights” was developed for year 2012 and beyond. 
It is also well-adjusted for previous years. This method 
ensured the same level of patient analysis across all the 
years [11, 12].

Study population and variables

Patients with ADPKD were identified using the international 
classification of diseases, ninth revision, clinical modi-
fication (ICD-9-CM) of “753.13”. Patients younger than 
18 years of age, those with a history of autosomal recessive 
polycystic kidney disease (ICD-9-CM: 753.14) and those 
with missing outcomes, age, or gender, were excluded from 
the analysis. Demographics (i.e., age, gender, and race), 
along with comorbidities and procedures, were included in 
our analysis. Chronic comorbidities, such as hypertension, 
liver disease, and obesity, were obtained using the clinical 
classification of diseases (CCS) software. Patients with car-
diovascular diseases were identified if they had at least one 
of the following diagnoses: ischemic heart disease, arrhyth-
mias and conduction disorders, heart failure, cerebrovascular 
disease, vascular disorders, non-ischemic cardiomyopathy, 
valvular heart disease, pulmonary hypertension or endo-
carditis. Patients were then grouped as shown in Table 1 
along with other details of the ICD-9-CM/CCS codes and 
Elixhauser comorbidity index that were used (eTable 1 and 
eTable 2). Renal function status was defined by identifying 
patients based on their chronic kidney disease (CKD) stage 
on discharge as previously done by other studies [13, 14]. 
Patients with normal kidney function were labeled as CKD 
1 according to the staging classification of renal function in 
ADPKD patients [15, 16]. In this regard, patients diagnosed 
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with renal insufficiency using ICD-9 CM codes in large 
national databases had a sensitivity, specificity, positive and 
negative predictive value—the extent to which a condition 

in the administrative data is also present in the chart review 
data—of 81.9%, 98.6%, 71.2% and 99.2%, respectively [17].

Table 1   Baseline characteristics of ADPKD with and without cardiovascular disease

Abbreviations: CVD Cardiovascular disease
a Chi-squared; p value < 0.05 is considered significant (CVD vs. No CVD)
* Impaired renal function was defined as patients who were diagnosed with any stage of CKD above 0 when discharged from the hospital

Variable Outcome

Cardiovascular disease

N (% of Total) No CVD N (% of Total) CVD N (% of Total) p valuea

I. Total No. of observations (Weighted) (%) 71,531 41,170 (57.4) 30,361 (42.6)
II. Demographic characteristic
 Age, mean (SD), years 55.9 ± 14.9 51.03 ± 13.92 61.9 ± 13.4  < 0.001
 18–39 9737 (13.6) 8324 (20.2) 1413 (4.7)  < 0.001
 40–59 33,673 (47.1) 22,029 (53.5) 11,644 (38.4)
 60–70 15,162 (21.2) 6809 (16.5) 8353 (27.5)

> 70 12,960 (18.1) 4009 (9.7) 8951 (29.5)
 Male— No. (%) 35,675 (49.9) 18,308 (44.5) 17,367 (57.2)  < 0.001
 Female— No. (%) 35,856 (50.1) 22,862 (55.5) 12,994 (42.8)
 Race— No. (%)
  White 40,772 (64.6) 22,728 (63.1) 18,044 (66.6)  < 0.001
  Black 10,330 (16.4) 5652 (15.7) 4678 (17.3)
  Hispanic 7902 (12.5) 5186 (14.4) 2716 (10.0)
  Asian 1657 (2.6) 910 (2.5) 747 (2.8)

III. CVD Risk Factors— o. (%)
 Alcohol abuse 1168 (1.6) 709 (1.7) 467 (1.5) 0.09
 Smoking 14,798 (20.7) 7800 (18.9) 6998 (23.0)  < 0.001
 Obesity 6564 (9.2) 3847 (9.3) 2717 (8.9) 0.07
 Hypertension 41,238 (57.7) 20,901 (50.8) 20,337 (67.0)  < 0.001
 Dyslipidemia 19,809 (27.7) 8921 (21.7) 10,888 (35.9)  < 0.001
 Diabetes 10,765 (15.0) 4771 (11.6) 5994 (19.7)  < 0.001

IV. Comorbidities — No. (%)
 Anemia 31,868 (44.6) 17,419 (42.3) 14,449 (47.6)  < 0.001
 Chronic pulmonary disease 9610 (13.4) 3898 (9.5) 5712 (18.8)  < 0.001
 Coagulopathy 5491 (7.7) 2450 (6.0) 3041 (10.0)  < 0.001
 Hypothyroidism 6326 (8.8) 3147 (7.6) 3179 (10.5)  < 0.001
 Liver disease 2330 (3.3) 1204 (2.9) 1126 (3.7)  < 0.001
 Fluid and electrolyte disorders 24,599 (34.4) 13,595 (33.0) 11,004 (36.2)  < 0.001
 Weight loss 4356 (6.1) 1907 (4.6) 2449 (8.1)  < 0.001
 Lymphoma 392 (0.5) 177 (0.4) 215 (0.7)  < 0.001
 Metastatic cancer 684 (1) 352 (0.9) 332 (1.1)  < 0.001
 Solid tumor without metastasis 854 (1.2) 422 (1.0) 432 (1.4)  < 0.001
 Neurological disorders 4314 (6) 2039 (5.0) 2275 (7.5)  < 0.001
 Impaired renal function 51,794 (72.4) 26,950 (65.5) 24,844 (81.8)  < 0.001
 History of kidney transplant 6618 (9.3) 3800 (9.2) 2818 (9.3) 0.8
 History of nephrectomy 7161 (10.0) 4605 (11.2) 2556 (8.4)  < 0.001
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Study endpoints

The primary endpoint was the prevalence of CVD in 
ADPKD patients. Secondary endpoints were variables (i.e., 
gender, renal function status, hypertension, etc.) and clini-
cal outcomes (i.e., mortality and trends of hospitalization) 
associated with CVD and ADKPD based on renal function. 
Further endpoints include impact of CKD with ADPKD vs. 
CKD without ADPKD on CVD.

Statistical analysis

For our analysis, we adhered to the main practices pro-
posed by Khera et al. on statistical and research method-
ologies using the NIS database [18]. Trend weights were 
used to estimate national hospitalizations. Stratification 
and clustering data was done to provide national esti-
mates. For trend analysis, we reported hospitalizations 
and outcomes as absolute values for each calendar year 
and compared using one-way ANOVA. First, we looked 
at the baseline characteristics of ADPKD patients with 
CVD. Subsequently, we compared baseline demographics 
and comorbidities between groups using the Pearson χ2 
test for categorical variables and one-way linear regres-
sion for continuous variables. We reported categorical and 
continuous variables as percentages and mean ± standard 
error (SE), respectively. We then performed multivariable 
logistic regression analysis to identify predictors that were 
associated with CVD after controlling for confounding 
factors such as age, gender and other comorbidities that 
are mentioned in the supplementary file. Furthermore, to 
assess CVD as a significant association with mortality, an 
analysis was done on ADPKD patients to identify vari-
ables associated with mortality and a second multivariable 
logistic regression was performed to determine the effect 
CVD on mortality. To prevent distortion of the data on 
predictive value of CVD on mortality in this population, 
patients with metastatic cancer were excluded from the 
analysis.

In addition, to determine the impact of ADKPD on the 
risk of CVD, we developed a propensity score-matching 
model to derive two matched groups for comparative out-
come analysis, to account for potential confounding fac-
tors and to reduce the effect of selection bias. The model 
included all patients of CKD 3–5 (with and without 
ADPKD). For the propensity matching procedure, we used 
a multivariable logistic regression model with ADPKD 
as the outcome variable, and all co-morbidities listed in 
Tables 1 and 2 and patient-level NIS weights as covariates. 
We applied a one-to-one greedy matching protocol and a 
caliper width of 0.1 multiplied by the standard deviation of 
the logit of the propensity score to create a matched cohort 
that includes matched demographics, and comorbidities 

[19, 20]. Patients with history of ischemic heart disease 
such as history of ischemic cardiomyopathy, myocardial 
infarction or history of coronary artery disease were also 
matched to avoid influence of ischemic heart disease on 
trends and outcomes.

Finally, trends of hospitalization rate of ADPKD patients 
with CVD were computed by fitting a Poisson regression 
model with a robust error variance to evaluate for changes 
in the number of outcomes (prevalence of CVD) per year 
stratified by renal function status (Chronic kidney disease 
(CKD) stage 1, CKD stage 2, CKD stages 3–4, CKD stage 
5-ESRD) while inserting the year variable into the model 
assuming the association to be linear. All data extraction 
and analyses were performed using SPSS (Version 25.0 
Armonk, NY). Two-sided p value < 0.05 was used for sta-
tistical significance.

Ethics statement

The NIS is a public owned database and thus there was no 
need for IRB approval for this study.

Table 2   Adjusted ORs of predictors significantly associated* with 
CVD

a Adjusted for age, gender, race, smoking, dyslipidemia, hypertension, 
diabetes, anemia, chronic pulmonary disease, hypothyroidism, liver 
disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, 
other neurological disorders, coagulopathy, neurological disorders, 
solid tumors without metastasis, and kidney status

Predictor Adjusted ORa 95% CI (Adjusted) p value

Age, every 5-year 
increase

1.28 1.26; 1.30  < 0.001

Male 1.70 1.65; 1.76  < 0.001
Smoking 1.25 1.13; 1.37  < 0.001
Dyslipidemia 1.44 1.32; 1.57  < 0.001
Hypertension 1.67 1.53; 1.81  < 0.001
Diabetes 1.38 1.24; 1.54  < 0.001
Coagulopathy 1.40 1.22; 1.62  < 0.001
Chronic obstructive 

pulmonary disease
1.82 1.62; 2.04  < 0.001

Neurological disorders 1.40 1.19; 1.46  < 0.001
Renal function status

  CKD 1 Reference
  CKD 2 1.51 1.00; 2.30 0.05
  CKD 3–4 1.86 1.62; 2.13  < 0.001
  CKD 5-ESRD 2.01 1.81;2.23  < 0.001
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Results

We identified a total of 71,531 hospitalizations with ADPKD 
in years 2006–2014 (Table  1). Demographic analysis 
revealed that 49.9% of hospitalized patients were males, 
64.6% of white race and the mean age was 55.9 ± 14.9 years. 
Patients hospitalized with ADPKD had mostly CKD stage 
5-ESRD (57.3%) followed by CKD stage 1 (27.9%), CKD 
stages 3–4 (13.9%), and CKD stage 2 (0.9%).

Cardiovascular disease

Among patients hospitalized for ADPKD, 42.6% had a 
diagnosis of CVD. Compared to ADPKD patients with-
out CVD, those with CVD were more likely to be older 
(mean age: 61.9 vs. 51.0 years, p < 0.001), males (57.2% 
vs. 42.8%, p < 0.0001), and had a higher prevalence of 
CVD risk factors, such as smoking, hypertension, diabetes, 
and dyslipidemia (p < 0.001). Moreover, the prevalence of 
CVD increased with severity of renal dysfunction (Table 1, 
Fig. 1). Among hospitalized patients with ADPKD, the most 

common CVD was ischemic heart disease (19.3%) followed 
by electrophysiological disorders (14.2%) and heart failure 
(13.1%). When stratified by gender, males with ADPKD 
had a significantly higher prevalence rate of ischemic heart 
disease, arrhythmias, heart failure, cerebrovascular disease, 
vascular disease, non-ischemic cardiomyopathy and valvular 
heart disease (Fig. 2). No significant difference in the prev-
alence of pulmonary hypertension was identified between 
males and females.

The rate of hospitalization of patients with ADPKD and 
CVD from 2006 to 2014 was higher in groups with worsen-
ing renal dysfunction and ESRD as compared to the group 
with normal renal function (81.8% vs. 65.5%, p < 0.001) 
(Table 1, Fig. 1). Moreover, there was an increase in the 
trend of hospitalizations of patients with ADPKD and CVD 
irrespective of degree of renal dysfunction across the years 
with a greater increase in those with CKD stage 2 (Fig. 3).

Predictors of cardiovascular disease in patients with ADPKD

Following multivariate logistic regression analysis, the main 
predictors of CVD were worsening renal function with CKD 
stage 5-ESRD (OR = 2.01, 95% CI [1.81–2.23]), CKD stages 

Fig. 1   Prevalence of cardiovas-
cular disease based on CKD 
Stages among patients with 
ADPKD

Fig. 2   Prevalence of cardiovascular manifestations in ADPKD 
patients stratified by gender

Fig. 3   Trend in hospitalization of patients with ADPKD and CVD 
based on CKD stages
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3–4 (OR = 1.86, 95% CI [1.62–2.13]), chronic obstructive 
pulmonary disease (OR = 1.82, 95% CI [1.62–2.04]), male 
gender (OR = 1.70, 95% CI [1.65–1.76]), hypertension 
(OR = 1.67, 95% CI [1.53–1.81]), dyslipidemia (OR = 1.44, 
95% CI [1.32–1.57]), and diabetes (OR = 1.38, 95% CI 
[1.24–1.54]) (Table 2).

Mortality

The overall mortality rate in our cohort of inpatients was 
1.9% (eTable 3). Patients who died were more likely to be 
older (66.6 vs. 55.5, p < 0.001) and of female gender (53.0% 
vs. 47.0%, p < 0.001). Moreover, those who died had sig-
nificantly higher rates of hypertension (64.2% vs. 57.5%, 
p < 0.001), coagulopathy (17.0% vs. 7.5%, p < 0.001), fluid 

and electrolyte disorders (53.1% vs. 34.0%, p < 0.001), 
weight loss (18.9% vs. 5.8%, p < 0.001), malignancy (with 
[6.2% vs. 0.9%, p < 0.001] or without metastases [4.7% 
vs. 1.1%, p < 0.001]), impaired renal function (78.8% vs. 
72.3%, p < 0.001) and history of prior CVD (77.8% vs. 
41.7%, p < 0.001). After applying multivariable logistic 
regression, ADPKD patients with CVD (OR = 3.23, 95% 
CI [2.38–4.38]) had the highest risk of mortality irrespective 
of renal function, followed by patients with history of solid 
tumors without metastasis (OR = 2.69, 95% CI [1.45–4.99]) 
and weight loss (OR = 2.37, 95% CI [1.71–3.28] (Table 3).

Table 3   Adjusted ORs of 
predictors significantly 
associated* with mortality

a Adjusted for: age, gender, diabetes, dyslipidemia, chronic pulmonary disease, coagulopathy, hypertension, 
hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, other neurological disorders, obe-
sity, solid tumor without metastasis, weight loss, cardiovascular disease, and kidney status

Predictor Adjusted ORa 95% CI (Adjusted) p value

Age, every 5-year increase 1.23 1.17; 1.29  < 0.001
Coagulopathy 1.81 1.29; 2.52
Fluid and electrolyte disorders 2.02 1.57; 2.59
Anemia 0.50 0.38; 0.65
Dyslipidemia 0.34 0.24; 0.47
Solid tumor without metastasis 2.69 1.45; 4.99
Weight loss 2.37 1.71; 3.28
Cardiovascular disease 3.23 2.38; 4.38

Table 4   Clinical outcomes of hospitalizations with and without ADPKD stratified by age after applying a 1:1 propensity match

Age groups

18–39 40–64  ≥ 65

CKD 
without 
ADPKD

CKD 
with 
ADPKD

OR (95%CI) CKD 
without 
ADPKD

CKD 
with 
ADPKD

OR (95%CI) CKD 
without 
ADPKD

CKD 
with 
ADPKD

OR (95%CI)

Acute myocar-
dial infarction

3.2% 0.9% 0.27 (0.10–
0.71)

5.0% 2.4% 0.46 (0.35–
0.62)

5.1% 2.6% 0.49 (0.35–0.67)

Arrythmias and 
conduction 
disorders

1.9% 6.3% 3.38 (1.83–
6.26)

13.9% 12.4% 0.87 (0.75–
1.02)

30.8% 34.4% 1.17 (1.04–1.33)

Atrial Fibrilla-
tion/Flutter

0.6% 3.6% 5.71 (2.13–
15.30)

9.8% 8.5% 0.85 (0.71–
1.02)

27.2% 28.0% 1.04 (0.92–1.18)

Non-ischemic 
cardiomyo-
pathy

7% 7% 1.00 (0.65–
1.53)

5.7% 7.2% 1.27 (1.03–
1.58)

6.8% 7.1% 1.05 (0.84–1.32)

Pulmonary 
hypertension

1.3% 1.8% 1.39 (0.57–
3.36)

2.5% 2.0% 0.81 (0.57–
1.15)

3.2% 5.1% 1.62 (1.21–2.18)

Acute ischemic 
stroke

1.9% 1.6% 0.83 (0.36–
1.91)

2.6% 1.4% 0.52 (0.35–
0.77)

3.4% 2.9% 0.84 (0.60–1.17)

Acute hemor-
rhagic stroke

0% 0% – 0.9% 2.0% 2.28 (1.43–
3.65)

0.2% 1.5% 7.05 (2.76–
18.04)
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Propensity‑matched analysis 
of in‑hospital outcomes between patients 
with and without ADKPD

To assess the impact of ADPKD on the risk of CVD, a 
one-to-one propensity-matched cohort between ADPKD 
of CKD stages 3–5 (n = 5844) and those with CKD stages 
3–5 but without ADPKD (n = 5867) was developed and 
stratified by age (eTable 4). A lower risk of acute myo-
cardial infarction or acute ischemic stroke was observed 
in patients with CKD and ADPKD compared to patients 
with CKD without ADPKD across all age groups. How-
ever, higher risk of atrial fibrillation and atrial flutter 
was observed among ADPKD in the younger age group 
compared to those with CKD and without ADPKD (OR 
5.71, 95% CI 2.13–15.30). Moreover, a higher risk of non-
ischemic cardiomyopathy was observed in the ADPKD 
group across ages 40–64 (OR 1.27, 95% CI 1.03–1.58), 
as well as a higher risk of pulmonary hypertension in the 
patients of 65 years or older when compared to those with-
out ADPKD (OR 1.62, 95% CI 1.21–2.18). Finally, there 
was a significant increase in risk hemorrhagic stroke in 
patients with ADPKD when compared to those without 
ADPKD (Table 4).

Discussion

Using the largest US national database, we report the CVD 
epidemiology in patients with ADPKD, predictors of in-
hospital mortality, and impact of ADPKD on cardiovas-
cular risk.

Smoking, hypertension, dyslipidemia, and diabetes 
appeared to be more common in ADPKD patients with 
CVD compared to those without CVD. These are well-
known modifiable risk factors that could contribute to 
CVD in ADPKD patients as well as patients without 
ADPKD. Hypertension is present in more than two-thirds 
of ADPKD patients with CVD which is known to contrib-
ute to the decline in kidney function and independently 
add to the morbidity of valvular as well as aneurysmal 
disease [21].

In our study, CVD was the leading comorbidity among 
the patients hospitalized with ADPKD, with a prevalence 
of 42.6%, and the most common CV conditions in this 
population included ischemic heart disease, arrhythmias, 
and heart failure. Our results accord with previously pub-
lished evidence showing that after the introduction of renal 
replacement therapy, cardiovascular complications have 
become the leading cause of morbidity and mortality in 
patients with ADPKD [6, 10, 22, 23].

Another important finding in our study is the incremen-
tally increased risk of cardiovascular disease with severity 

degree of renal dysfunction. Most importantly, CKD is the 
highest predictor of incidence of overall CVD. CKD is asso-
ciated with substantial cardiovascular morbidity and mortal-
ity [24]. This is likely due the high concurrent prevalence 
of traditional cardiovascular risk, but also by the presence 
of CKD-specific non-traditional cardiovascular risk fac-
tors, such as vascular calcification, uremic toxins, uremic 
dyslipidemia as well as inflammation and oxidative stress 
[24, 25]. This constellation of traditional and non-traditional 
risk factors could elicit increased CVD in ADPKD patients. 
In addition, worsening renal function is associated with 
the activation of the renin–angiotensin–aldosterone sys-
tem (RAAS) and hypertension [6]. With increase in renal 
volume—as part of the renal structural changes and cyst 
expansion in ADPKD, more renal ischemia ensues causing 
a chronic activation of the RAAS system [26–28]. This, in 
turn, leads to a cascade of events, causing increased systemic 
vascular resistance, sodium retention, renal fibrosis, and 
increased cyst growth, all ultimately leading to worsening 
renal disease, hypertension as well as cardiac remodeling [6, 
27–30]. Chapman et al. confirmed activation of the RAAS 
in ADPKD after demonstrating that plasma renin activity 
and aldosterone concentrations were higher in patients with 
ADPKD than in patients with essential hypertension while 
correcting for all confounders [26].

Previous studies have also reported that patients with 
ADPKD are at higher risk of mortality after initiation of 
dialysis due to infection or cardiovascular disease [10, 31, 
32]. Our study showed that CVD worsens risk of in-hos-
pital mortality regardless of being on dialysis. In addition, 
we found that ADPKD to be associated with higher risk of 
atrial fibrillation and flutter among the younger age group 
compared to patients with CKD without ADPKD (OR 5.71, 
95% CI 2.13–15.30). Several factors have been suggested to 
play a role in the development of arrhythmias in ADPKD 
including overactivation of the RAAS, autonomic function, 
idiopathic dilated cardiomyopathy as well as abnormal cal-
cium handling conditions [33–35]. Polycystin-2 gene muta-
tions have been associated with defects in calcium signaling, 
desensitization of calcium-contraction coupling in cardiomy-
ocyte and abnormal changes in intracellular calcium levels 
[36]. Given this finding of higher risk of atrial fibrillation/
flutter among young patients with ADPKD and higher risk 
of hemorrhagic stroke, the need in systemic anticoagulation 
in patients with ADPKD and CKD should be calculated dif-
ferently compared to those with CKD not due to ADPKD, as 
their risk profile and bleeding risk is likely different. Other 
novel findings included higher risk of acute ischemic car-
diovascular events in patients with CKD without ADKPKD 
vs. higher risk of non-ischemic cardiomyopathy, pulmonary 
hypertension, and hemorrhagic stroke among patients with 
ADPKD. This could be explained by the fact that patients 
with secondary CKD due to comorbidities are different 
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compared to patients with a primary origin of CKD caused 
by ADPKD. It is likely linked to an association of these con-
ditions with particular genes/gene clusters (such as diabetes, 
atherosclerosis, etc.) with different clinical presentations; 
thus, these two conditions should be differentiated, man-
aged and stratified separately. Chickera et al., also observed 
lower rates of diabetes and albumin to creatinine ratio in 
CKD–ADPKD patients compared to CKD from other causes 
[37]. A proof to this concept is validated in Table 4 after 
there was a consistent increase in risk of hemorrhagic stroke 
in ADPKD compared to patients without ADPKD. This is 
likely linked to the genetic association of ADPKD and berry 
aneurysm [21].

Other interesting findings in our analysis were that 
patients diagnosed with dyslipidemia were at lower risk of 
mortality. One potential explanation to this finding is that 
patients diagnosed with dyslipidemia will likely be on statin-
related therapy. In an attempt to study the effect of simvasta-
tin on endothelial function in patients with ADKPD, Namli 
et al. found that in 16 patients after 1 month vs. 6 months of 
treatment with simvastatin, there was a progressive increase 
in endothelial-dependent dilation and a decrease in the 
inflammatory marker interleukin-6 (21.6 ± 21.7 pg/mL to 
9.1 ± 3.5 pg/mL (p = 0.002)) [38]. Moreover, several studies 
supported the effects of statins in decreasing worsening pro-
gression of kidney function through decrease in the size of 
renal cysts and left ventricular mass index, and other struc-
tural modifications in ADPKD patients when started early 
[39–41]. Furthermore, in our study, it was found that patients 
diagnosed with anemia were associated with decreased risk 
of mortality. Importance of this finding is not clear. How-
ever, when present, same degree of anemia may play less 
clinical significance in ADPKD patients as compared to a 
general population with advanced CKD [15]. This mech-
anism was found to be likely secondary to an increase in 
release of erythropoietin from the renal cysts [15, 42]. How-
ever, a recent study by Ushio et al. found that in 115 patients 
with ADPKD, men and women with hemoglobin levels of 
less than 12 g/dl and 11 g/dl, respectively, were found to be 
associated with worsening renal progression [43].

Limitations

There are several limitations in this study that need to be 
acknowledged. The NIS is an administrative database that 
is de-identified and could, as a result, lead to possible cod-
ing errors, since validation of all individual ICD-9 codes 
would not be possible. Moreover, the NIS database does 
not provide specific mortality-related causes [44]. Another 
limitation is the lack of information on the outpatient course 
of disease and mortality, which would bias our sample to 
only inpatients. Also, the database does not indicate the 

severity of ADPKD in terms of kidney cyst size and number, 
and presence or absence of proteinuria which could be an 
independent predictor of worsening CVD. It also does not 
provide objective measures, such as vital signs (e.g., blood 
pressure, temperature, heart rate, and respiratory rate), ejec-
tion fraction reports, cardiac catheterization results, labora-
tory data and specific creatinine/glomerular filtration rates. 
These limitations are offset by the use of the large sample 
size available which is the largest sample size, to date, of 
this population, and the lack of reporting bias that is found 
in most retrospective studies. Moreover, this study provides 
a clear overall prevalence of major cardiovascular manifesta-
tions across patients with ADPKD.

Conclusions

This study assessed the epidemiology of cardiovascular 
manifestations of patients with ADPKD. The prevalence of 
CVD is high among patients with ADPKD, and the most 
important risk factor predicting CVD in this population is 
severity of renal dysfunction. We found an increase in the 
trend of hospitalizations of patients with ADPKD and CVD 
in the recent years. CVD is the strongest independent pre-
dictor of mortality in patients with ADPKD irrespective of 
degree of renal dysfunction. When matched with patients 
with CKD and without ADPKD, those with ADPKD had 
higher risk of atrial fibrillation/flutter, non-ischemic cardio-
myopathy, pulmonary hypertension and hemorrhagic stroke. 
This study highlights important epidemiological variables 
that can assist clinicians in understanding the clinical car-
diovascular manifestations in ADPKD. Further prospective 
research is needed to address secondary prevention of CVD 
in the ADPKD population and genetic association of CVD 
and ADPKD.
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