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Abstract
Background: Although renin-angiotensin-aldosterone system (RAAS) blockade has been shown to reduce
cardiovascular disease (CVD) in the general population and high risk subjects, their protective effect in
autosomal dominant polycystic kidney disease (ADPKD) patients under dialysis was still unknown.
Methods: By using the database from 1995 to 2008 Taiwan National Health Insurance Research
Database (Registry for Catastrophic Illnesses), we included 387 ADPKD patients who received dialysis
therapy, aged ≥18 year-old, and with no evidence of CVD events in 1997 and 1998. We utilized Cox
proportional hazards regression analysis and propensity score matching to evaluate adjusted hazard
ratios for all-cause mortality and CVD events in users (n=231) and nonusers (n=156) of an angiotensin-
converting enzymes inhibitor (ACEI) / angiotensin II receptor blocker (ARB) during the 12 years of follow-
up. Results: All study subjects were followed up for more than 3 months. Compared with the control
group, the ACEI/ARB treatment group did not have favorable outcome including acute coronary
syndromes, receiving coronary intervention, cerebral vascular events, peripheral artery disease, heart
failure and overall mortality. The results remain similar between groups before and after propensity score
matching. Moreover, there was no signi�cant difference in outcomes between ACEI/ARB treatment over
50% of follow-up period and without ACEI/ARB treatment after propensity score matching. Conclusions:
We found ACEI or ARB usage is not associated with a reduction of cardiovascular events and survival
bene�t in our nationwide cohort study of ADPKD patient on dialysis from Taiwan. Further larger scale,
multicenter and randomized control trials are warranted to show the causal association.

Background
Autosomal dominant polycystic kidney disease (ADPKD) is the most common hereditary cause of end-
stage renal disease (ESRD), accounting for 8-10% of ESRD patients in western countries [1]. It occurs 1 of
400-1000 individuals [2, 3] and is characterized by development of cystic dilatation of renal tubules with
progressive destruction of renal parenchyma [4, 5]. As the cysts grow, 45% of patients will progress to
end-stage renal disease (ESRD) by the age of 60 and up to 75% by the age of 70 [6]. Hypertension is very
common in ADPKD, occurring in 50-70% of patients before renal function impairment [7, 8], and is
associated with rapid progression to ESRD and adverse cardiovascular disease (CVD) outcomes [9]. Left
ventricular diastolic dysfunction, endothelial dysfunction, and increased carotid artery intima-media
thickness are found in young ADPKD patients who have normal blood pressure (BP) and renal function
[10]. CVD complications have been a major cause of death in patients with ADPKD and the risk of CVD
death is estimated to be 1.6-3.2-fold higher in these patients [9, 11].

Several mechanisms of cardiovascular dysfunction have been proposed in ADPKD patients, including
activation of renin-angiotensin-aldosterone system (RAAS), impaired nitric oxide dependent
vasodilatation, increased sympathetic nerve activity and plasma endothelin-1 concentration and insulin
resistance [12, 13]. Among them, RAAS activation plays an essential role. When compared with calcium
channel blocker, RAAS blockade may decrease urinary albumin excretion in subjects with ADPKD [14].
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However, uncertainty remains concerning the optimal choice of antihypertensive therapy in subjects with
ADPKD in terms of in slowing progression to renal failure and CVD outcomes in ADPKD [14-17].

CVD is the leading cause of mortality in patients receiving dialysis [18, 19]. In addition to �uid and
sodium overload, dialysis patients are found to have increased sympathetic activity and abnormal
response to RAAS, both of them result in higher incidence of hypertension and LVH. Although
angiotensin-converting enzymes inhibitor (ACEI) and angiotensin II receptor blocker (ARB) have been
shown to reduce CVD morbidity and mortality in the general population and high risk subjects [20-22],
their protective effect in ESRD patients under dialysis remained uncertain [23]. Our previous study
revealed that the overall mortality was signi�cantly greater in patients who did not use an ACEI/ARB in
ESRD patients on dialysis in a nationwide cohort [18]. In addition, subjects who used an ACEI/ARB for
longer durations were signi�cantly less likely to experience CVD events [18]. However, it remained unclear
about the role of ACEI/ARB in primary prevention of CVD events in ADPKD patients with ESRD. To �ll this
gap, we hypothesize that the use of ACEI or ARB is associated with the reduction of major cardiovascular
events in ADPKD patients on dialysis in a nationwide cohort.

Methods
Study population

   By using the Registry for Catastrophic Illness database from a national health insurance program in
Taiwan, we obtained demographic data, medication history, and diagnostic codes based on the
International Classi�cation of Diseases, Ninth Revision, Clinical Modi�cation (ICD-9-CM; www.icd9-
data.com/2007) for the analyses. In the current study, we included ESRD subjects undergoing
hemodialysis or peritoneal dialysis, and ≥ 18 years between 1995 and 2008. We excluded subjects with
history of acute coronary syndrome (ACS) or previous stroke before dialysis. All enrolled subjects were
followed from 1995 to 2009 and the medium follow-up time was 1428 days. By reviewing of the
pharmacy prescription database, we also gathered information on prescribed drugs, dosage, and
duration. A total of 607 dialysis patients with ADPKD were enrolled and, among them, 193 patients were
excluded if ever experienced with CVD before starting dialysis while 27 subjects were excluded due to
follow-up less than 3 months. Finally, there were 387 subjects included in the �nal analyses. The
designed patient �ow diagram is shown in Figure 1. The study was approved by the Research Ethics
Committee of the National Taiwan University Hospital, Taipei, Taiwan. All methods were carried out in
accordance with relevant guidelines and regulations.

 

Comorbidities and outcomes:

After the index use of an ACEI or an ARB, we de�ned the comorbidities by searching the database for the
presence of hypertension (ICD-9-CM codes: 401.X–405.X), diabetes mellitus (250.X, 249.X),
hyperlipidemia (272.X), CVD events including coronary artery disease (411.X– 414.X, V17.3, V81.0), atrial
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�brillation (427.31, 427.3), valvular heart disease (394.X-396.X,) and liver cirrhosis (571.X, 572.X). The
endpoints of the present study were death, new onset ACS (410.X, A270, 411.1), coronary intervention
(CI): percutaneous coronary intervention (00.66, 36.0X), ischemic stroke: (434.X, A293, A292),
hemorrhagic stroke: (430.X, 431.X, 432.X), peripheral arterial disease (250.7, 443.X, 444.2), heart failure
(428.0–428.3, 428.9).

 

Propensity score-based matching

Propensity score (PS) matching is a statistical technique used to control the covariates to make two
groups more comparable in observation study. In the current study, the PS dependent variable was
receiving ACEI/ARB treatment or not. Other covariates, such as age, gender, hypertension, DM,
dyslipidemia, comorbidities, and medications (antiplatelet, warfarin, beta-blocker, Statin), were put into a
non-parsimonious logistic regression model. Participants were excluded from further analysis if an
appropriate PS match could not be found. In the �nal analysis, the remaining subjects composed a
matched 1:1 or 1:2 according to the original case number in each group.

 

Statistical analysis

All analyses were performed with SPSS 15.0 for WINDOWS 7 (SPSS Inc., Chicago, IL, USA). Student’s t
test was performed to compare continuous variables while chi-squared test was used to test categorical
covariates. Fisher’s exact test was used instead for categorical variable if any expected value within a 2x2
table was below 5. Cox’s proportional hazard models to adjust covariates including age, gender, risk
pro�le, and medications were used to estimate the risk of outcome associated with and without taking
ACEI/ARB. The event-free survival time was de�ned as the time from the day of dialysis therapy to an
endpoint. If an event did not occur, the case was regarded as censorship at the end of the study,
withdraws from the insurance, loss contact, and receiving kidney transplantation. Moreover, we
performed a subgroup analysis by including patients with more aggressive ACEI/ARB treatment (de�ned
as ACEI/ARB treatment over 50% of the follow-up period) to test the consistency. Kaplan–Meier curves
were performed to show the event-free survival trend between subjects with and without taking ACEI/ARB
and tested by log-rank test. A P value < 0.05 was considered statistically signi�cant in all analyses.

Results
Demographic and clinical characteristic of enrolled patients

   The demographic and characteristic of the patients was shown in Table 1. Subjects treated with
ACEI/ARB for more than 30 days served as the study group, and those treated with less than 30 days or
no medication served as the control group. An ACEI or ARB was prescribed to 231 subjects (59.7%).
Subjects taking an ACEI or ARB were at higher prevalence of hypertension (94.8% vs 73.7%, p<0.001) and
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more likely to receive a concomitant medication, including beta-blocker (72.7% vs 37.8%, p<0.01) and
statin (28.1% vs 13.5%, p<0.001). Otherwise, there was signi�cant difference in age, gender, risk pro�le of
atherosclerosis and cardiovascular comorbidities, including coronary artery disease, atrial �brillation and
valvular heart disease between groups. During the study period, there were less ischemic stroke/TIA (1.3%
vs 5.8%, p =0.017) and acute limb ischemia events (3.0% vs 8.3%, p=0.021) in the ACEI/ARB treatment
group. In addition, the overall mortality was lower in the treatment group (13.0% vs 21.8%, p =0.022).

    The PS matching enrolled 80 patients in the ACEI/ARB treatment group and 160 patients without
taking ACEI/ARB (Table 1). After PS matching, there were smaller differences in age, sex, comorbidities,
use of other medication, and other clinical variables between two groups. After PS mating matching, the
incidence of ischemic stroke/TIA was signi�cantly lower in ACEI/ARB treatment group than control group
(0.6% vs 5.0%, p=0.044). By contrast, there was no signi�cant difference between groups in incidence of
ACS or CI (5.6% vs 5.0%, P=1.0), hemorrhagic stroke (5.0% vs 3.8%, P=0.756) and acute limb ischemia
(3.8% vs. 5.0%, P=0.735) and hospitalization due to heart failure (5.6% vs 5.0%, P=1.0), and acute limb
ischemia (5.6% vs 6.3%, p=1.0). In addition, the overall mortality was similar in both group (14.4% vs
18.8%, p =0.381). No patients were lost to follow-up in these two groups.

 

Effect of Duration of ACEI/ARB Use

     The hazard ratios for different clinical outcomes in study subjects were shown in Table 2. Compared
with the control group, the ACEI/ARB treatment group did not have favorable outcome including ACS,
receiving CI, cerebral vascular events, peripheral artery disease, heart failure and overall mortality. The
results remain similar between groups before and after PS matching.

    In Figure 2, we demonstrated the probability of survival in subjects receiving ACEI/ARB before and after
PS-matching by the Kaplan–Meier curve. The results showed that before and after PS matching, patients
received ACEI/ARB had similar survival rate (Figure 2A and 2C). In Fig. 2B and 2D, we showed the
Kaplan–Meier curve for the cardiovascular event-free rate (ACS, CI, ischemic stroke, transient ischemic
accident, hemorrhagic stroke, peripheral artery disease, heart failure) before/after PS matching. The
results showed there was no difference in composite endpoint between groups before and after PS
matching.

 

Characteristics of patients with ACEI/ARB treatment over 50% of follow-up period

    Table 3 analyses the demographic and clinical characteristic in ADPKD subjects on dialysis treated
with ACEI/ARB for more than 50% of follow-up period. The results showed the patients who used
ACEI/ARB had higher prevalent of hypertension (95.5% vs 73.7%, p<0.001) and more likely to receive a
concomitant medication, including beta-blocker (74.5% vs 37.8%, p<0.01) and statin (27.3% vs 13.5%,
p<0.001). During the study period, there were less event of heart failure (1.83% vs 8.3%, p =0.023) in the
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ACEI/ARB treatment group. There was no signi�cant difference in overall mortality between ACEI/ARB
treatment group and control group (12.7% vs 21.8%, p =0.058). After PS matching, the ACEI/ARB group
had similar heart failure event (0.0% vs 6.5%, p=0.058), and the overall mortality was similar in both
group (13.0% vs 19.5%, p =0.275).

Discussion
To the best of our knowledge, this is the �rst study to investigate the impact of RAAS blockade on CVD
events and all-cause mortality in ADPKD subjects on dialysis. Our study demonstrated that RAAS
blockade treatment in ADPKD subjects on dialysis cannot signi�cantly reduce the total mortality and CVD
composite endpoint including acute coronary syndrome, ischemic stroke/TIA or hemorrhagic stroke and
peripheral artery disease and hospitalization due to acute heart failure. To test the effect of treatment
duration on CVD outcome, we compared subjects with ACEI/ARB treatment for more than 50% of follow
up period with control subjects. Our data also showed that treatment duration exerted insigni�cant
effects on total mortality and CVD outcomes.

In subjects with chronic kidney disease, RAAS blockade had been shown to slow renal function
deterioration and reduce proteinuria [15, 17]. In hypertensive ADPKD patients under similar BP control,
subjects treated with diuretics had a faster loss of renal function than treated with ACEI, [24]. However,
the bene�t of ACEI in slowing renal function progression has not yet shown when compared to
amlodipine and atenolol in ADPKD patients [14, 16, 17]. These studies failure to show the bene�t of RAAS
blockade in rate of glomerular �ltration rate decline or ESRD progression and were limited by older
patients enrolled and relative small number of study population. The results of two randomized, double-
blind, placebo-controlled trials have shown that dual therapy with ACEI and ARB was not more effective
than either ARB or ACEI alone in slowing annual change in total kidney volume and renal function
deterioration in both early and late ADPKD patients [25, 26]. When compared with the standard BP control
group, the aggressive BP control group was associated with a modest reduction in total kidney volume
and improvement in LV mass index and urinary albumin excretion. Although the studies did not enroll a
control group not taking an ACEI, it will continue as �rst-line medications in hypertensive ADPKD patients
because of its safety and good BP control [27]. The results recalls the failure of tight BP control to slow
renal function progression in the African-American Study of Kidney Disease and Hypertension trial [28],
suggesting that earlier approach to the biology of the disease should be considered [27].

Higher left ventricular mass index can be found since early stage of ADPKD and is signi�cantly
associated with ambulatory systolic BP in normotensive and hypertensive ADPKD patients [29]. LVH is at
the prevalence of around 48% among hypertensive and 23% among normotensive ADPKD patients.
Hypertension is known to occur frequently and early in ADPKD and considered as a contributing factor
for LVH in part due to earlier onset and inadequate treatment [30]. The HALT PKD study using cardiac
magnetic resonance to assess LVH and reported ADPKD patients with less than 50 years of age and prior
use of RAAS blockade have lower prevalence of LVH, and therefore early BP intervention can decrease
LVH progression and might potentially decrease CVD mortality [31]. In UK General Practice Research
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Database provide further evidence that early and aggressive BP control in ADPKD through increasing
coverage and intensity of antihypertension therapy can effectively lower all-cause mortality in ADPKD
patients [32]. However, the above study results did not provide evidence to suggest preferential bene�t
from ACEI/ARB treatment. Currently, there was no prospective randomized controlled trial investigating
the effects of ACEI/ARB treatment on mortality and CVD events in ADPKD patients.

In general, ADPKD patients had better survival on dialysis than non-ADPKD patients [33]. There is a trend
of the increase in the number of ADPKD patients being dependent on renal replacement therapy from
1990s to 2000s and is thought to be related to greatly improvement on dialysis survival rather than
incidence of dialysis increase [34]. CVD, coronary artery disease and infection are the leading causes of
death in ADPKD patient on dialysis [35, 36]. Although several evidences have demonstrated that ACEI and
ARB can effectively reduce the BP and offer cardioprotective effects on dialysis patients [18, 37], there is
no available literature discussing the effects of RAAS blockade on reducing the occurrence of CVD events
and survival bene�t on ADPKD patients on dialysis. In the current study, we found the ACEIs and ARBs
treatment was not associated with an overall reduction in CVD events and all-cause mortality in ADPKD
patients under dialysis. However, a recent nationwide population-based cohort study showed that statin
and RAAS blockade signi�cantly reduced both hemorrhagic and ischemic strokes in ADPKD subjects
without ESRD or cerebrovascular accident (CVA) [38]. It is possible that RAAS blockade should be given
earlier during the course of progressive vascular damage. Further study is warranted to elucidate the
effect of RAAS blockade in ADPKD patients under dialysis.

The main strengths of this present study are two-fold. First, our present study was a population-based,
nationwide study that recruited all validated dialysis patients in Taiwan and followed them for a 12- year
period. Second, all medications and comorbidities were recorded under the national health insurance
policy. Our study also had several imitations. First, we exclusively relied on claim data, so there may be a
bias in disease classi�cation. Second, other possible confounding factors for example, blood test
including electrolyte imbalance, lipid pro�les, and in�ammation parameters, and nutritional status and
vascular calci�cation data were not available to adjust the risk of cardiovascular events and mortality.
Third, a limitation of PS matching was that it dealt with known confounding factors. Some unknown
confounding factors, that might be unequally distributed in both treatment and control groups, might
have affected the observed difference in our study.

 

Conclusions
In summary, in our nationwide cohort study of ADPKD patient on dialysis from Taiwan, we found ACE
inhibitor or ARB usage is not associated with a reduction of cardiovascular events and survival bene�t.
Further larger scale, multicenter and randomized control trials are warranted to show the causal
association.
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Figure 1

Designed patient �ow diagram. Abbreviations: ADPKD, autosomal dominant polycystic kidney disease;
CVD events, Cardiovascular disease events; ESRD, End-stage renal disease.
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Figure 2

The Kaplan-Meier curve of survival (A) and cardiovascular events-free rate (B) between patients treated
with (green) and without (blue) ACEI/ARB. The Kaplan-Meier curves of survival (C) and cardiovascular
event-free rate (D) after PS matching were also illustrated. The cardiovascular events were de�ned as
composite outcome of acute coronary syndrome, coronary intervention, ischemic stroke, transient
ischemic accident, hemorrhagic stroke, peripheral artery disease.
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