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Abstract: Renin and aldosterone activity levels are low in elderly

patients, raising concerns about the benefits and risks of angiotensin-

converting-enzyme inhibitors (ACEIs) and angiotensin II receptor

blockers (ARB) use. However, data from direct comparisons of the

effects of ACEIs on ARBs in the elderly population remain incon-

clusive.

In this nationwide study, all patients aged� 70 years were retrieved

from the Taiwan National Health Insurance database for the period 2000
u-Chen Kuo, MD, ng, MD,
, PhD, Hsi Chu, MD, and Yung-Tai Chen, MD

(hdPS). Intention-to-treat (ITT) and as-treated (AT) analyses were

conducted.

In the ITT analysis, after considering death as a competing risk, the

ACEI cohort had similar risks of myocardial infarction (hazard ratio

[HR] 0.92, 95% confidence interval [CI] 0.79–1.06), ischemic stroke

(HR 0.98, 95% CI 0.90–1.07), and heart failure (HR 0.93, 95% CI 0.83–

1.04) compared with the ARB cohort. No difference in adverse effects,

such as acute kidney injury (HR 0.99, 95% CI 0.89–1.09) and hyper-

kalemia (HR 1.02, 95% CI 0.87–1.20), was observed between cohorts.

AT analysis produced similar results to those of ITT analysis. We were

unable to demonstrate a survival difference between cohorts (HR 1.03,

95% CI 0.88–1.21) after considering drug discontinuation as a compet-

ing risk in AT analysis.

Our study supports the notion that ACEI and ARB users have similar

risks of major adverse cardiovascular events (MACE), even in elderly

populations.

(Medicine 94(43):e1751)

Abbreviations: ACEI = angiotensin-converting enzyme inhibitor,

ARB = angiotensin II receptor blocker, AT = as-treated, CCI =

Charlson Comorbidity Index, CI = confidence interval, hdPS =

high-dimensional propensity score, HR = hazard ratio, ITT =

intention-to-treat, MACE = major adverse cardiovascular events,

NHI = National Health Insurance, NHIRD = National Health

Insurance Research Database, RAAS = renin–angiotensin–

aldosterone system, RCT = randomized clinical trial.

INTRODUCTION

T he prevalence of hypertension increases dramatically with
advanced age and results in considerable cardiovascular

morbidity and mortality.1,2 The benefits from antihypertensive
therapy in elderly patients that can be expected to depend
primarily on the effect of reducing cardiovascular compli-
cations as well as the drug tolerability and safety.3–6 A
meta-analysis of 31 trials with 190,606 participants demon-
strated similar blood pressure control among different classes of
antihypertensive drugs, even in the elderly population.7 Results
of previous randomized clinical trials showed angiotensin-
converting enzyme inhibitors (ACEIs) or angiotensin II recep-
tor blockers (ARBs) exert cardiovascular protective effects
compared to placebo or other active treatment.8–13 Up to date,
ive head-to-head randomized studies
the efficacy of ACEIs versus ARBs

e been rarely performed. The potential
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benefits of renin–angiotensin–aldosterone system (RAAS)
blockers in elderly patients must be weighed against the poten-
tial risks of acute kidney injury and hyperkalemia due to age-
related reductions in serum renin and aldosterone levels.14

Two randomized clinical trials (RCTs) demonstrated that
ACEIs and ARBs were equally effective in reducing blood
pressure in elderly patients with hypertension.15,16 Although
both treatments can achieve similar blood pressure control, the
Evaluation of Losartan in the Elderly (ELITE) Study and the
ELITE II Study produced inconclusive results concerning
cardiovascular benefits of ACEIs versus ARBs in elderly
patients with heart failure.17,18 Similarly, previous observa-
tional studies have produced conflicting results regarding which
RAAS blockers favor clinical outcomes in elderly patients.19,20

These observational studies may be limited due to small
samples, short follow-up periods, and lack of considering the
impact of death and drug adherence in their analyses. The
competing risk of death in elderly patients may be especially
high because of multiple coexisting chronic diseases. Drug
adherence to ACEIs in elderly hypertensive patients may also
be difficult to achieve as this population is usually complicated
by occurrence of side effects such as dry cough. Therefore,
traditional statistical method in previous observational studies
can overestimate the risk of disease by failing to account for the
competing risk of death or drug discontinuation.

Given the lack of sufficient clinical trial and observational
data, we conducted a high-dimensional propensity score
(hdPS)-matching study and considered death and drug adher-
ence as competing risks in the assessment of the effects of
ACEI- and ARB-based treatment strategies on long-term
mortality, major adverse cardiovascular events (MACE), and
renal outcomes in patients aged � 70 years in Taiwan between
2000 and 2010.

METHODS

Data Source
This study used data from Taiwan’s National Health

Insurance Research Database (NHIRD). Taiwan’s National
Health Insurance (NHI) program, launched in 1995, is a uni-
versal, state-operated health program that covers approximately
99% of Taiwan’s population. In 1999, the Bureau of the NHI
began to release all claims data after encryption of all personal
information to the public for scientific research purposes.
Multiple deidentified NHI databases, including NHI enrollment
files, claims data, detailed orders, and drug prescriptions
(including data for hospital inpatient and outpatient care,
emergency room services, dental services, and traditional Chi-
nese medicine care), are available to researchers. Several pub-
lished studies addressing the effects of RAAS blockers have
also been based on the NHIRD.21–24 Disease diagnoses were
defined based on medical claims using International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) diagnostic codes.

Ethical Approval
Due to the retrospective nature of this study with deiden-

tified secondary data, it was exempt from full review by the
Institutional Review Board.

Chien et al
Study Design
This nationwide population-based cohort study compared

the effects of ACEIs and ARBs on all-cause mortality and
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MACE in elderly patients. We extracted data from all subjects
aged � 70 years with hypertension, including demographic
variables, diagnosis and procedure codes, and information about
outpatient visits, hospital admissions, and drug prescriptions,
for the period of January 2000 to December 2009. Patients with
chronic (continuous for � 90 days) use of any ACEI or ARB
were included (Supplementary Figure 1, http://links.lww.com/
MD/A473). The index date was defined as the day after 90 days
of continuous use. We also extracted data from the period of
January 1995 to December 1999 to define comorbidities. We
excluded patients who used the opposite drug before the index
date; were receiving dialysis; were hospitalized within 90 days
before the index date; had histories of cerebrovascular disease,
myocardial infarction, or end-stage renal disease; or were
kidney transplant recipients.

Outcomes
The primary outcomes were all-cause mortality, hospital-

ization with the principal diagnosis of heart failure (ICD-9-CM
code 428.x), and MACE, including hospitalization with the
principal diagnosis of ischemic stroke (ICD-9-CM code 433.x,
434.x, or 436) and myocardial infarction (MI; ICD-9-CM code
410.x). The secondary outcomes were hospitalization with the
principal diagnosis of acute kidney injury (ICD-9-CM code
584.x) and hyperkalemia (ICD-9-CM code 276.7). All subjects
were enrolled between January 1, 2000 and December 31, 2009
and followed until death or December 31, 2010.

Baseline Characteristics
We examined the baseline sociodemographic character-

istics of the elderly cohort, including age, sex, monthly income
(New Taiwan dollars [NT$]< 19,100, NT$ 19,100–42,000, and
NT$ >42,000), urbanization level, and Charlson Comorbidity
Index (CCI) score.25 Urbanization levels in Taiwan are divided
into 4 strata according to the Taiwan National Health Research
Institute, in which level 1 is referred to as the ‘‘most urbanized’’
and level 4 as the ‘‘least urbanized.’’ The CCI score is used
widely to determine overall systemic health, with each score
increase reflecting a stepwise increase in cumulative
mortality.25

We also examined other systemic diseases and risk factors
for cardiovascular disease not included in the CCI score,
including hypertension, coronary artery disease, dyslipidemia,
arrhythmia, preexisting valvular heart disease, and drug abuse.
Concomitant medications associated with cardiovascular
indication implying associated cardiac diseases were also taken
into consideration; these included alpha, beta, and calcium-
channel blockers, diuretics, other anti-hypertensive drugs, anti-
platelet agents, warfarin, nitrate, statins, dipyridamole, steroids,
estrogen or progesterone, nonsteroidal antiinflammatory drugs,
proton-pump inhibitors, and antihyperglycemic drugs.

ACEI/ARB Exposure
For each pharmacy record of ACEI or ARB prescription,

we identified the drug type and dose, dispensing date, and
prescribed duration. The drug continuation was defined as
ACEI/ARB prescription with a subsequent prescription within
90 days.26 On the other way, drug discontinuation was defined
as more than 90 days of exhausting the drug supply for the prior

Medicine � Volume 94, Number 43, October 2015
prescription. The drug exposure period was defined as time
duration extending from the beginning date of the exposure of
each ACEI/ARB to the date of last dispensing.
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TABLE 1. Demographic and Clinical Characteristics of Patients

Before High-Dimensional Propensity
Score Matching

High-Dimensional Propensity
Score–Matched

Characteristic ARB User ACEI User P Value ARB User ACEI User
Standardized
Difference

�

Patient (no.) 31,506 47,646 12,347 12,347

Mean age (SD), years 79.3 (4.8) 78.3 (4.9) <0.001 80.1 (4.6) 80.1 (4.6) 0.004
Male 15,308 (48.6) 25,200 (52.9) <0.001 6226 (50.4) 6328 (51.3) –0.017
Monthly income, NT$ <0.001

Dependent 12,694 (40.3) 15,939 (33.5) 4556 (36.9) 4578 (37.1) –0.004
<19,100 10,073 (32.0) 15,760 (33.1) 4192 (34.0) 4271 (34.6) –0.013
19,100–42,000 8509 (27.0) 15,760 (33.1) 3527 (28.6) 3437 (27.8) 0.016
>42,000 230 (0.7) 187 (0.4) 72 (0.6) 61 (0.5) 0.012

Urbanization levely <0.001
1 17,237 (54.7) 23,221 (48.7) 6509 (52.7) 6538 (53.0) –0.005
2 10,959 (34.8) 19,089 (40.1) 4527 (36.7) 4526 (36.7) 0.000
3 2661 (8.4) 4477 (9.4) 1084 (8.8) 1058 (8.6) 0.007
4 649 (2.1) 859 (1.8) 227 (1.8) 225 (1.8) 0.001

Hospital level for first ARB/ACEI prescription <0.001
I (medical center) 5007 (15.9) 20,782 (43.6) 2798 (22.7) 2764 (22.4) 0.007
II 9798 (31.1) 7420 (15.6) 3236 (26.2) 3300 (26.7) –0.012
III 7923 (25.1) 8820 (18.5) 3662 (29.7) 3684 (29.8) –0.004
IV (local medical clinic) 8778 (27.9) 10,624 (22.3) 2651 (21.5) 2599 (21.0) 0.010

Charlson Comorbidity Index score <0.001
4, 5 14,166 (45.0) 25,406 (53.3) 5012 (40.6) 5078 (41.1) –0.011
6, 7 9980 (31.7) 13,622 (28.6) 4104 (33.2) 4071 (33.0) 0.006
8, 9 4957 (15.7) 5954 (12.5) 2162 (17.5) 2117 (17.1) 0.010
>10 2403 (7.6) 2664 (5.6) 1069 (8.7) 1081 (8.8) –0.003

Concomitant medications
Anti-HTN drugs

Number of anti-HTN drugs <0.001
1 13,380 (42.5) 22,001 (46.2) 5557 (45.0) 5527 (44.8) 0.005
2 13,492 (42.8) 19,217 (40.3) 5101 (41.3) 5122 (41.5) –0.003
3 4148 (13.2) 5679 (11.9) 1513 (12.3) 1522 (12.3) –0.002
>4 486 (1.5) 749 (1.6) 176 (1.4) 176 (1.4) –0.000
Alpha blockers 1637 (5.2) 2440 (5.1) 0.641 621 (5.0) 627 (5.1) –0.002
Beta blockers 1456 (4.6) 2565 (5.4) <0.001 599 (4.9) 605 (4.9) –0.002
Calcium-channel blockers 12,548 (39.8) 16,344 (34.3) <0.001 4674 (37.9) 4669 (37.8) 0.001
Diuretics 7174 (22.8) 10,026 (21.0) <0.001 2588 (21.0) 2628 (21.3) –0.008

Other anti-HTN drugs 455 (1.4) 1492 (3.1) <0.001 182 (1.5) 175 (1.4) 0.005
Antiplatelet agentsz 7425 (23.6) 9540 (20.0) <0.001 2909 (23.6) 2941 (23.8) –0.006
Warfarin 313 (1.0) 293 (0.6) <0.001 123 (1.0) 126 (1.0) –0.002
Nitrate 3056 (9.7) 4422 (9.3) 0.049 1124 (9.1) 1163 (9.4) –0.011
Statin 2782 (8.8) 2282 (4.8) <0.001 1067 (8.6) 1076 (8.7) –0.003
Dipyridamole 2764 (8.8) 4955 (10.4) <0.001 1046 (8.5) 1067 (8.6) –0.006
Steroid 2068 (6.6) 3479 (7.3) <0.001 764 (6.2) 784 (6.3) –0.007
Estrogen or progesterone 385 (1.2) 574 (1.2) 0.828 87 (0.7) 93 (0.8) –0.006
NSAID 5431 (17.2) 10,325 (21.7) <0.001 2161 (17.5) 2146 (17.4) 0.003
Proton-pump inhibitor 519 (1.6) 491 (1.0) <0.001 239 (1.9) 238 (1.9) 0.001
Anti-hyperglycemic drug 5936 (18.8) 8843 (18.6) 0.321 2336 (18.9) 2391 (19.4) –0.011
Coexisting conditions
Diabetes 11,650 (37.0) 16,986 (35.7) <0.001 4705 (38.1) 4746 (38.4) –0.007
Coronary artery disease <0.001 5814 (47.1) 5811 (47.1) 0.000
Heart failure 5182 (16.4) 7256 (15.2) <0.001 2165 (17.5) 2185 (17.7) –0.004
Valvular heart disease 4025 (12.8) 4767 (10.0) <0.001 1637 (13.3) 1682 (13.6) –0.011
Arrhythmia 9445 (30.0) 12,398 (26.0) <0.001 3992 (32.3) 3968 (32.1) 0.004
Peripheral vascular disease 1289 (4.1) 1791 (3.8) 0.018 599 (4.9) 587 (4.8) 0.005
Dyslipidemia 11,209 (35.6) 12,969 (27.2) <0.001 4490 (36.4) 4587 (37.2) –0.016
Chronic pulmonary disease 16,096 (51.1) 21,286 (44.7) <0.001 6494 (52.6) 6477 (52.5) 0.003
Dementia 1354 (4.3) 1720 (3.6) <0.001 645 (5.2) 648 (5.2) –0.001
Plegia 165 (0.5) 265 (0.6) <0.001 72 (0.6) 66 (0.5) 0.007
Autoimmune disease 985 (3.1) 1109 (2.3) <0.001 382 (3.1) 395 (3.2) –0.006
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Before High-Dimensional Propensity
Score Matching

High-Dimensional Propensity
Score–Matched

Characteristic ARB User ACEI User P Value ARB User ACEI User
Standardized
Difference

�

Peptic ulcer disease 13,755 (43.7) 18,602 (39.0) <0.001 5823 (47.2) 5774 (46.8) 0.008
Chronic liver disease 6202 (19.7) 8281 (17.4) <0.001 2633 (21.3) 2663 (21.6) –0.006
Chronic kidney disease 5134 (16.3) 6536 (13.7) <0.001 599 (4.9) 587 (4.8) 0.000
AIDS 12 (0.0) 18 (0.0) 0.983 5 (0.0) 5 (0.0) 0.000
Drug abuse 125 (0.4) 180 (0.4) 0.673 76 (0.6) 68 (0.6) 0.009
Cancer 4434 (14.1) 5104 (10.7) <0.001 1776 (14.4) 1762 (14.3) 0.003
hdPS (IQR) 0.56 (0.38–0.72) 0.06 (0.01–0.27) <0.001 0.46 (0.31–0.60) 0.45 (0.31–0.59) 0.021

Data are presented as n (%), except where otherwise indicated. ACEI¼ angiotensin-converting-enzyme inhibitor, AIDS¼ acquired immune
deficiency syndrome, ARB¼ angiotensin II receptor blocker, hdPS¼ high-dimensional propensity score, HTN¼ hypertension, IQR¼ interquartile
range, NSAID¼ nonsteroidal antiinflammatory drug, NT$¼ new Taiwan dollars, SD¼ standard deviation.�

Imbalance defined as absolute value >0.011.
yUrbanization levels in Taiwan are divided into 4 strata according to the Taiwan National Health Research Institute. Level 1 designates the most

urbanized areas, and level 4 designates the least urbanized areas.
z

Chien et al Medicine � Volume 94, Number 43, October 2015
High-Dimensional Propensity Score Matching
Because clinical trials are traditionally expensive and

enrollment of a sufficient number of patients can be difficult,
large health care claims databases are frequently used to
determine the effects of medication use on clinical outcomes.
This approach may reflect real-world clinical practice, reveal
rare drug effects, and avoid the delay of data collection.
However, the use of claims databases in pharmacoepidemiology
is associated with a primary concern regarding the incomplete-
ness of information on potential confounders due to unmeasured
frailty. The hdPS algorithm was proposed for use with such
large health care claims databases to prioritize thousands of
covariates at the demographic level, drug codes, and ordering of
laboratory/diagnostic procedures based on variables’ potential
to cause multiplicative bias in multistep processes.27 Similar to
previous studies,28,29 the predefined covariate (Supplementary
Table 1, http://links.lww.com/MD/A473) and the top 500
empirical covariates most likely to cause bias in the inclusion
processes were selected (data not shown). Logistic regression
was used to predict the probability of receiving ARBs and to
calculate the hdPSs of all patients in the hdPS model. Using 1:1
nearest neighbor hdPS matching without replacement, 1 elderly
patient receiving ACEIs was matched to each elderly patient
receiving ARBs (caliper width¼ 0.019; 0.1 standard deviation
of hdPS logit).

Statistical Analysis
Descriptive statistics were used to characterize the study

populations. Baseline characteristics were compared using the
Pearson x2 test for categorical variables and equivalence test for
the mean differences between groups. hdPSs for the likelihood
of using ARBs were calculated using a multistep process.27 The
standardized difference was used to discern differences between
matched groups. The incidence rates of MACE in the 2 groups
were calculated using Poisson distribution. Intention-to-treat
(ITT) and as-treated (AT) analyses were conducted. ITT
analysis ignores noncompliance and drug switching or drug
withdrawal after enrollment, which preserves baseline compar-

Including aspirin, clopidogrel, ticlopidine, and cilostazol.
ability and provides conservative estimates of differences
between treatment groups. In AT analyses, elderly patients were
censored on the day that they switched or discontinued ACEIs/

4 | www.md-journal.com
ARBs. The cumulative incidence of serious cardiovascular
events was estimated using the Kaplan–Meier method, and
differences between cohorts were evaluated using the log-rank
test. Cox regression models with a conditional approach and
stratification were used to calculate hazard ratios (HRs) and
95% confidence intervals (CIs) for the occurrence of MACE in
each group.30 Besides, the competing-risks regression by the
method of Fine and Gray’s model was also calculated.31 In this
model, death and drug discontinuation were calculated as
competing risks. The likelihood ratio test was used to examine
interactions between the occurrence of serious cardiovascular
events using ARBs and the following variables: age, sex, CCI
score, diabetes mellitus, hypertension, chronic kidney disease,
heart failure, myocardial infarction, coronary artery disease,
and cerebrovascular disease. Subgroup analyses were also
performed accordingly. Data linkage, processing, and analysis
were conducted with the SQL Server 2012 (Microsoft Corpor-
ation, Redmond, WA). We used SAS version 9.3 (SAS Institute,
Cary, NC) to calculate hdPSs and used STATA statistical soft-

ware (version 13.0; StataCorp, College Station, TX) to perform
other statistical analyses. The designated level of statistical
significance was P< 0.05.

RESULTS

Characteristics of the Study Population
During the study period, a total of 31,506 ARB users and

47,646 ACEI users who met the inclusion criteria were enrolled
in the study. Before matching, ARB users were older, had
higher CCI scores, had more comorbid conditions, and received
more concomitant medications compared with ACEI users;
female sex was also more predominant in the ARB cohort.
After hdPS matching, 12,347 ARB users and 12,347 ACEI users
were included in analyses. Characteristics of the study popu-
lation are detailed in Table 1.

ITT Analyses of Long-Term Risks of MACE and
Mortality
During the mean 6.2-year follow-up period, ITT analyses
after hdPS matching showed that ARB use was associated with
a lower risk of all-cause mortality (HR 0.89, 95% CI 0.85–0.94;
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links.lww.com/MD/A473). Of note, after accounting for drug
P< 0.001; Table 2). After accounting for death as a competing
risk factor, ACEI and ARB use had similar effects on the risks of
ischemic stroke (HR 0.98, 95% CI 0.90–1.07), myocardial
infarction (HR 0.92, 95% CI 0.79–1.06), and heart failure
(HR 0.93, 95% CI 0.83–1.04). Regarding adverse effects,
the 2 cohorts had similar risks of hospitalization for acute
kidney injury (HR 0.99, 95% CI 0.89–1.09) and hyperkalemia
(HR 1.02, 95% CI 0.87–1.20). Before matching, MACE risk
was also similar in both cohorts after adjustment for hdPS
(Supplementary Table 2, http://links.lww.com/MD/A473).
Figure 1 illustrates the cumulative incidences of myocardial
infarction, ischemic stroke, heart failure, and all-cause mortality
in ACEI and ARB users. In subgroup analyses, the treatment
effects of ARBs were consistently similar to those of ACEIs
(Figure 2, Supplementary Tables 4–9, http://links.lww.com/
MD/A473).

AT Analyses of Long-Term Risks of MACE and
Mortality

Chien et al
In the AT analysis, the mean durations of continuous drug
exposure were 929 (95% CI 915–943) days for ACEIs and 649
(95% CI 638–661) days for ARBs. ARB and ACEI use were

FIGURE 1. Cumulative incidence of (A) myocardial infarction, (B) isch
patients using angiotensin II receptor blocker and angiotensin-conve

6 | www.md-journal.com
associated with similar risks of MACE, acute kidney injury, and
hyperkalemia (Table 2, Supplementary Table 3, http://

Medicine � Volume 94, Number 43, October 2015
discontinuation as a competing risk factor in AT analysis, the
risks of all-cause mortality became similar in both cohorts.

DISCUSSION
In this hdPS-matched nationwide population-based study,

we directly compared the effects of ACEIs and ARBs on the
outcomes of MACE and all-cause mortality in a large sample of
hypertensive older (aged�70 years) patients. ACEIs and ARBs
had similar effects on MACE and adverse effects in hyperten-
sive older patients. Subgroup analysis also showed comparative
effectiveness of ACEIs and ARBs across stratification sub-
groups. Although ARBs were associated with a lower risk of all-
cause mortality in the ITT analysis, we were unable to demon-
strate a difference in the effects of ACEIs and ARBs on the risk
of all-cause mortality after considering drug discontinuation as
a competing risk in the AT analysis.
Several randomized controlled trials have directly com-
pared ACEIs with ARBs,17,18,32–34 but most of these trials have
not specifically focused on elderly patients. The exceptions are

emic stroke, (C) heart failure, and (D) all-cause mortality in elderly
rting-enzyme inhibitor.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Subgroup analysis of the effects of angiotensin II receptor blocker versus angiotensin-converting-enzyme inhibitor on the risks
of (A) myocardial infarction, (B) ischemic stroke, (C) heart failure, (D) all-cause mortality, (E) acute kidney injury, and (F) hyperkalemia in

Medicine � Volume 94, Number 43, October 2015 ACEIS and ARBS in Elderly Patients
the ELITE and the ELITE II Study,17,18 which compared ACEI
and ARB therapy in elderly patients with heart failure. In the
initial ELITE study,17 losartan-treated patients showed a sig-
nificant reduction in the risk of all-cause mortality relative to
captopril-treated patients; however, in the ELITE II study,18 the
benefits of ARBs were similar to those of ACEIs. A likely
explanation for this difference is that total mortality served as a
primary endpoint in the ELITE II study, but as a secondary
outcome in the ELITE study. In addition, given the short follow-
up periods of these 2 clinical trials, further long-term studies
are required.

The results of published observational studies are also

elderly patients.
inconclusive regarding the comparative effectiveness of ACEIs
and ARBs in elderly patients.19,20 One hospital-based study of
933 elderly male patients with hypertension found that ACEIs

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
were more effective than ARBs in reducing mortality, as well as
cardiovascular and cerebrovascular morbidity. The results pre-
sented in that study, however, must be interpreted carefully
because of the small sample, inclusion of exclusively male
patients, and the cross-sectional study design.19 In a cross-
sectional study, the outcomes were obtained simultaneously
with exposure, and elderly patients who died before the study
were also excluded from analysis, which may introduce bias
toward including the patients with more favorable survivor-
ship.35,36 In contrast to the ELITE II study, a PS-matched
observational study of 8049 patients aged � 65 years who
had been hospitalized for heart failure showed that ARB use

was associated with a lower risk of mortality compared with
ACEI use.20 However, the results may be limited by the small
sample and lack of consideration of drug adherence. Failure to

www.md-journal.com | 7
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adhere to drug regimens may lead to misclassification bias
because subjects who were classified as exposed but were in fact
not exposed.37

Although ARB use was associated with a lower risk of all-
cause mortality compared with ACEI use in the ITT analysis in
the current study, the survival benefits of ARB use in elderly
patients were offset after accounting for the competing risk of
drug discontinuation based on the statistical method used in
previous studies.38,39 The failure to demonstrate a survival
benefit of ACEI use similar to that of ARB use may be
explained by lesser adherence to ACEI therapy among elderly
patients due to its side effects (eg, cough). Previous studies have
consistently found that better adherence leads to better out-
comes.40 Indeed, the ONgoing Telmisartan Alone and in com-

FIGURE 2. (Continued)
bination with Ramipril Global Endpoint (ONTARGET) clinical
trial directly compared MACE outcomes between ACEI and
ARB users. Although this trial did not focus on elderly

8 | www.md-journal.com
populations, analysis of treatment effects in the 65 to 74 and
�75-year subgroups indicated that ACEI and ARB treatments
had equal efficacy.33

The strengths of our study include the use of a large
nationwide population-based dataset from hypertensive patients
aged� 70 years. Our follow-up period was longer than those of
clinical trials, aiding comparison of the long-term benefits of
ACEIs and ARBs in terms of all-cause mortality and MACE in
elderly patients. To eliminate the effects of residual confoun-
ders that are inherent in observational studies, we used an hdPS
algorithm. The ITT analysis retained the original study allo-
cation during the long-term follow-up period, whereas enroll-
ment in the AT analysis ended at the termination of follow-up,
drug switching, or drug discontinuation, which might have

introduced informative censorship. Because drug discontinu-
ation due to side effects or mortality commonly occurs during
follow-up among elderly patients, the use of appropriate

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



statistical methods to consider drug discontinuation and death as
competing risks in the analysis is essential.

However, the study findings should be interpreted in the
context of several weaknesses. First, data on several potential
confounding factors, including body mass index, tobacco and
alcohol use, exercise performance, and laboratory tests, were
not available and thus were not included in our analyses.
Second, the prescription of an ACEI or ARB may be based
on the physician’s decision between the drugs, which may cause
indication bias. However, we performed hdPS matching to
control for baseline confounding characteristics in both groups
and to reduce the effect of residual confounding.27,41–43

Furthermore, Taiwan’s NHI provides comprehensive insurance
coverage, which could eliminate financial barriers to drug
choice when selecting an ACEI or ARB. Third, the database
did not contain information on individual blood pressure con-
trol. Although the Panel Members Appointed to the Eighth Joint
National Committee established the target of 150 mmHg for
blood pressure treatment in very elderly individuals based on
clinical trial evidence, the benefit of more strict blood pressure
control on clinical outcomes in elderly patients remains ques-
tionable.44,45 In addition, we matched cohorts according to the
use of antihypertensive drugs in addition to ACEIs or ARBs,
which may partly reflect individual blood pressure control.
Fourth, patients aged 65 to 69 years were not included in this
cohort. Therefore, the comparative effects of RASS blockade in
early elderly (65–74 years) versus late elderly (� 75 years) on
the long-term outcomes could not be evaluated.46 Finally, our
study enrolled patients from 2000 to 2009 and followed up until
2010. Therefore, the difference in observed follow-up length of
study subjects may bias outcomes. However, we included the
index year and index month in our propensity score model in
which the follow-up times were more comparable between the
ACI and ARB users after matching.

This study bridged evidence gaps regarding the compara-
tive effects of RAAS blockade with ACEIs and ARBs on
MACE outcomes in elderly patients. We found that ACEIs
and ARBs are equally effective with regard to the risks of
MACE and the adverse effects of acute kidney injury and
hyperkalemia. When physicians are faced with the choice of
using either an ACEI or an ARB in elderly patients, the results
of our study provide further evidence to support to take a
decision for ACEIs or ARBs based on individualized medical
decision and shared decision making.
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