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OBJECTIVES: A 2007 systematic review compared
angiotensin-converting enzyme (ACE) inhibitors and
angiotensin II receptor blockers (ARBs) in patients with
hypertension. Direct renin inhibitors (DRIs) have since
been introduced, and significant new research has been
published. We sought to update and expand the 2007
review.
DATA SOURCES: We searched MEDLINE and EMBASE
(through December 2010) and selected other sources
for relevant English-language trials.
STUDY ELIGIBILITY CRITERIA, PARTICIPANTS,
AND INTERVENTIONS: We included studies that di-
rectly compared ACE inhibitors, ARBs, and/or DRIs in
at least 20 total adults with essential hypertension; had
at least 12 weeks of follow-up; and reported at least one
outcome of interest. Ninety-seven (97) studies (36 new
since 2007) directly comparing ACE inhibitors versus
ARBs and three studies directly comparing DRIs to ACE
inhibitor inhibitors or ARBs were included.
STUDY APPRAISAL AND SYNTHESIS METHODS: A
standard protocol was used to extract data on study
design, interventions, population characteristics, and
outcomes; evaluate study quality; and summarize the
evidence.
RESULTS: In spite of substantial new evidence, none of
the conclusions from the 2007 review changed. The
level of evidence remains high for equivalence between
ACE inhibitors and ARBs for blood pressure lowering
and use as single antihypertensive agents, as well as for
superiority of ARBs for short-term adverse events
(primarily cough). However, the new evidence was
insufficient on long-term cardiovascular outcomes,
quality of life, progression of renal disease, medication

adherence or persistence, rates of angioedema, and
differences in key patient subgroups.
LIMITATIONS: Included studies were limited by follow-
up duration, protocol heterogeneity, and infrequent
reporting on patient subgroups.
CONCLUSIONS AND IMPLICATIONS OF KEY FINDINGS:
Evidence does not support a meaningful difference be-
tween ACE inhibitors and ARBs for any outcome except
medication side effects. Few, if any, of the questions that
were not answered in the 2007 report have been
addressed by the 36 new studies. Future research in this
area should consider areas of uncertainty and be
prioritized accordingly.
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CLINICAL CASE

A 54-year-old woman with a history of hypertension is seen
by her doctor for persistently elevated blood pressure in
spite of adherence to hydrochlorothiazide 25 mg daily. She
is overweight and has a strong family history of coronary
artery disease. To control her blood pressure, she and her
doctor discuss adding an angiotensin-converting enzyme
(ACE) inhibitor, an angiotensin II receptor blocker (ARB),
or a direct renin inhibitor (DRI) to her regimen. She is
primarily interested in avoiding the cardiovascular compli-
cations of hypertension, but does not want to take
medication more than once a day, and she is concerned
about side effects and the cost of her medication. What
information is available to help guide her decision?
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INTRODUCTION

Almost 75 million American adults have hypertension.
Advances in antihypertensive therapy have dramatically
reduced cardiovascular, cerebrovascular, and renal events.1–3

Among the effective pharmacotherapies are inhibitors of the
renin-angiotensin-aldosterone (renin) system. In 2007 the
Agency for Healthcare Research and Quality (AHRQ)
sponsored a comparative effectiveness review of the two
most common renin system inhibitors, ACE inhibitors and
ARBs, to answer the following three key questions for adults
with essential hypertension: Do ACE inhibitors and ARBs
differ in the following: 1) blood pressure control, cardiovas-
cular events, quality of life, and other outcomes; 2) safety,
tolerability, persistence with therapy, or treatment adherence;
and 3) effects within important subgroups of patients? We
reported high-level evidence demonstrating that ACE inhib-
itors and ARBs had similar effects on blood pressure control,
and that ACE inhibitors had higher rates of cough than
ARBs; however, data regarding long-term cardiovascular
outcomes, quality of life, progression of renal disease,
medication adherence or persistence, rates of angioedema,
and differences in key patient subgroups were limited.4,5

Since the 2007 review, several original research studies
have directly compared ACE inhibitors and ARBs in
patients with hypertension, and direct renin inhibitors
(DRIs) have been introduced as a new class of medication
targeting the renin system. In the present review, we sought
to update the 2007 report on the comparative effectiveness
of ACE inhibitors and ARBs, expand the review to include
DRIs, and determine whether the conclusions of the initial
review have changed in light of new evidence.

METHODS

The present manuscript is derived from a new comparative
effectiveness review commissioned by AHRQ. In that review,
the protocol used for the 2007 report, including the three key
questions listed above, was adapted to include DRIs and
applied to the direct comparison literature published since the
2007 report. Further details of our methods, results, and
conclusions are available in the full AHRQ report.6

Data Sources and Searches

To identify relevant studies, we updated and expanded (to
include DRIs) the original search, conducted through May
2006, using search terms for drug interventions, hypertension,
and applicable study designs. We searched MEDLINE and
EMBASE (the latter not included in the original search)

through December 23, 2010; the Cochrane Central Register of
Controlled Trials (Issue 2, 2006); a register of systematic
reviews underway in the Cochrane Hypertension Review
Group (December 1, 2010); and grey literature sources (e.g.
regulatory data, clinical trial registries, and conference
abstracts) identified by AHRQ’s Effective Health Care
Program (Appendix Table A available online).

Study Selection

Title and abstract screening was performed by two indepen-
dent reviewers. Articles that were included by either reviewer
moved forward for full-text screening. Full-text screening was
also performed by two independent reviewers; however, the
reviewers worked together to reconcile most differences, with
any remaining disagreement adjudicated by a third reviewer.

We included all clinical studies directly comparing ACE
inhibitors, ARBs, and/or DRIs in at least 20 total adults with
essential hypertension, provided they had at least 12 weeks of
follow-up and reported at least one outcome of interest. Our
inclusion criteria were identical to those in the 2007 report,4,5

with the addition of DRIs as a potential comparator. Fixed-
dose combination medications were included if the non-ACE
inhibitor/ARB/DRI medication was identical across treatment
arms (e.g., studies with enalapril/hydrochlorothiazide com-
pared to losartan/hydrochlorothiazide would be included if the
hydrochlorothiazide dose was the same in both treatment
arms). Because of the number of direct comparison studies, we
did not include indirect comparisons. Studies not conducted
solely in patients with hypertension had to report subgroup
results for those with hypertension.

Data Extraction and Quality Assessment

Data were extracted using a standardized template (Appendix
Table B available online). For each article, one investigator
abstracted data, and a second over-read the abstraction for
accuracy and completeness. Disagreements were resolved by
consensus, or when necessary, by a third reviewer’s
adjudication.

To assess the quality of clinical trials and cohort studies, we
adapted criteria developed by the U.S. Preventive Services
Task Force and the Centre for Reviews and Dissemination7,8

and categorized studies as “good,” “fair,” or “poor” in quality.
We assessed the strength of the body of evidence for each key
question using the approach recommended in AHRQ’s
Methods Guide for Effectiveness and Comparative Effective-
ness Reviews.9 This approach is conceptually similar to the
GRADE framework10 used in the 2007 report. Table 1
summarizes the results of this grading for both the 2007
report and the current update.
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Table 1. Summary of Evidence on Comparative Long-term Benefits and Harms of ACE Inhibitors, ARBs, and DRIs in Patients with
Essential Hypertension

Key Question Strength of Evidence,
2007 Report

Strength of Evidence,
Updated Report

Conclusions

1. Key Question 1. For
adult patients with essential
hypertension, how do ACE
inhibitors, ARBs, and direct
renin inhibitors differ in the
following health outcomes:

High High (ACE inhibitor vs. ARB); ACE inhibitors and ARBs appear to
have similar long-term effects on
blood pressure among individuals
with essential hypertension. This
conclusion is based on evidence from
77 studies (70 RCTs, 5
nonrandomized controlled clinical
trials, 1 retrospective cohort study,
and 1 case–control study) in which
26,170 patients receiving an ACE
inhibitor or an ARB were followed
for periods from 12 weeks to 5 years
(median 24 weeks). Blood pressure
outcomes were confounded by
additional treatments and varying
dose escalation protocols

a. Blood pressure control?

Low (DRI vs. ACE inhibitor
or ARB)

Evidence concerning the effect of
DRIs on blood pressure is very
limited and currently based on only
three studies. These studies found the
DRI to have a greater reduction in
blood pressure compared to the ACE
inhibitor ramipril (two studies) and
no significant difference compared to
the ARB losartan (one study)

b. Mortality and major
cardiovascular events?

Moderate Low (ACE inhibitor vs. ARB)* Due to low numbers of deaths or
major cardiovascular events reported,
it was difficult to discern any
differential effect of ACE inhibitors
versus ARBs versus DRIs with any
certainty for these critical outcomes.
In 21 studies that reported mortality,
MI, or clinical stroke as outcomes
among 38,589 subjects, there were 38
deaths and 13 strokes reported. This
may reflect low event rates among
otherwise healthy patients and
relatively few studies with extended
followup

Insufficient (DRI vs. ACE
inhibitor or ARB)

Only three of these 21 studies
(including 1 death) evaluated DRIs
versus ACE inhibitors or ARBs, and
therefore the evidence to discern any
differential effects between these
drug classes on mortality and major
cardiovascular events was insufficient

c. Quality of life? Low Low (ACE inhibitor vs. ARB); No differences were found between
ACE inhibitors and ARBs in
measures of general quality of life;
this is based on four studies, two of
which did not provide quantitative
data.

Insufficient (DRI vs. ACE
inhibitor or ARB)

No study evaluated the comparative
effectiveness of DRIs for quality-of-
life outcomes

d. Rate of use of a single
antihypertensive medication?

High High (ACE inhibitor vs. ARB); There was no statistically evident
difference in the rate of treatment
success based on use of a single
antihypertensive for ARBs compared
to ACE inhibitors. The trend toward
less frequent addition of a second
agent to an ARB was heavily
influenced by retrospective cohort
studies, where medication
discontinuation rates were higher in
ACE inhibitor-treated patients, and
by RCTs with very loosely defined
protocols for medication titration and
switching

Insufficient (DRI vs. ACE
inhibitor or ARB)

There were no relevant studies
evaluating DRIs
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Table 1. (continued)

Key Question Strength of Evidence,
2007 Report

Strength of Evidence,
Updated Report

Conclusions

e. Risk factor reduction and
other intermediate outcomes?

Moderate (lipid levels,
markers of carbohydrate
metabolism/ diabetes
control, progression of
renal disease)

Moderate (lipid levels, markers
of carbohydrate metabolism/
diabetes control, progression
of renal disease) (ACE
inhibitor vs. ARB);

There were no consistent differential
effects of ACE inhibitors, ARBs, on
several potentially important clinical
outcomes, including lipid levels and
markers of carbohydrate metabolism/
diabetes control. There appears to be
a small difference in change in renal
function between ACE inhibitors and
ARBs (favoring ACE inhibitors), but
this difference is both small and most
likely not clinically meaningful or
significant. Relatively few studies assessed
these outcomes over the long term

Insufficient (DRI vs. ACE
inhibitor or ARB)

There were no studies that evaluated these
outcomes in DRIs.

Low (progression to
type 2 diabetes and
LV mass / function)

Low (progression to type 2
diabetes and LV mass / function:
(ACE inhibitor vs. ARB);
Insufficient (DRI vs. ACE
inhibitor or ARB)

There was no evidence for an impact of
ACE inhibitors, ARBs, or DRIs on glucose
or A1c, and no included studies evaluated
rates of progression to type 2 diabetes
mellitus. Although we included 13 studies
of LV mass/function, these were dominated
by poor-quality studies with small sample
sizes, and only one study included
evaluation of a DRI

2. Key Question 2. For adult
patients with essential
hypertension, how do ACE
inhibitors, ARBs, and DRIs
differ in safety, adverse events,
tolerability, persistence with
drug therapy, and treatment
adherence?

High (cough, withdrawals
due to adverse events)

Cough: High (ACE inhibitor vs.
ARB); Insufficient (DRI vs.
ACE inhibitor or ARB)

ACE inhibitors have been consistently
shown to be associated with higher risk of
cough than ARBs (odds ratio 4.74; 95% CI
3.56 to 6.31). For RCTs, this translates to a
difference in rates of cough of 7.8%;
however, for cohort studies with lower rates
of cough, this translates to a difference of
1.2%. There were only two studies
comparing DRIs to ACE inhibitors and
these gave an estimated odds ratio of
0.333 (95% CI of 0.2241 to 0.4933)

Withdrawals due to adverse
events: High (ACE inhibitor
vs. ARB); Low (DRI vs.
ACE inhibitor or ARB)

The withdrawal rate for ACE inhibitors
was found to have an estimated odds ratio
of 1.77 (95% CI 1.42 to 2.21) compared
with ARBs. For RCTs, this translated to an
absolute difference in withdrawals of 2.3%
(3.1% versus 5.4%). The DRI trials did
not find a statistically significant difference
(odds ratio 0.886; 95% CI 0.458 to 1.714)
when compared with the withdrawal rate
associated with ACE inhibitors

There was no evidence of differences across
treatments in rates of other commonly
reported specific adverse events.

Low (angioedema) Angioedema: Low (ACE
inhibitor vs. ARB); Insufficient
(DRI vs. ACE inhibitor or ARB)

Although several studies collected
data on angioedema, the event rates
were very low or zero for all studies;
this limited our ability to accurately
characterize the frequency of
angioedema. In the four studies that
did report episodes of angioedema,
this adverse event was observed only
in patients treated with an ACE inhibitor
(five patients from three studies) or a
DRI (one patient in one study)

Moderate (persistence/
adherence)

Persistence with drug therapy/
treatment adherence: Moderate
(ACE inhibitor vs. ARB);
Insufficient (DRI vs. ACE
inhibitor or ARB)

ACE inhibitors and ARBs have similar
rates of treatment adherence based on
pill counts; this result may not be
applicable outside the clinical trial
setting. Rates of continuation with
therapy appear to be somewhat better
with ARBs than with ACE inhibitors;
however, due to variability in definitions,
limitations inherent in longitudinal
cohort studies, and relatively small
sample sizes for ARBs, the precise
magnitude of this effect is difficult to
quantify. The three included studies
evaluating DRIs did not find evidence
of differences in treatment adherence
compared with ACE inhibitors or ARBs.
Persistence was not evaluated in any
of the studies including DRIs
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Data Synthesis and Analysis

When evaluating groups of studies reporting the same or
similar outcomes for potential data synthesis, we tended to
be inclusive of individual studies unless their populations
were clearly dissimilar. When calculating summary effect
sizes, we stratified by study design, separating randomized
controlled trials (RCTs) from observational studies. We
used random-effects models to allow for statistical hetero-
geneity and calculated the Q statistic as a measure of this.
Even in the presence of statistical heterogeneity, we
performed meta-analysis if studies appeared to be clinically
and methodologically similar. We examined the potential
for publication bias, but found no statistical evidence for
this. 6 We combined dichotomous events using odds ratios
(ORs) and continuous measures using differences in means.
We used Comprehensive Meta-Analysis Version 2 (Com-
prehensive Meta-Analysis Version 2, Biostat, Englewood,
NJ) for all analyses.

RESULTS

A total of 2090 citations were identified by the literature
search (905 new since the 2007 report), of which 100
distinct studies described in 110 articles were included in
the updated review (36 new ACE inhibitor versus ARB
comparisons; three DRI studies; Fig. 1). The new studies
contributed 176,308 additional patients. Table 2 summarizes
the total number of studies, number of new studies, study
design, quality ratings, and number of participants for each
outcome. The specific agents compared are summarized in
Appendix Table C (available online).

Comparisons with Direct Renin Inhibitors

Two good-quality RCTs compared the DRI aliskiren at a
maximum dose of 300 mg to the ACE inhibitor ramipril at

a maximum dose of 10 mg.11–13 In both studies, aliskiren
produced a greater reduction in blood pressure at
12 weeks, with between-group blood pressure (SBP/
DBP) differences of −2.7/-1.611,12 and −2.3/-1.5 mmHg.13

These studies also reported safety, adverse events,
persistence, and renal function, but did not find any
differences in these outcomes. One good-quality RCT
compared aliskiren up to 300 mg to the ARB losartan at a
maximum dose of 100 mg and did not find any significant

Table 1. (continued)

Key Question Strength of Evidence,
2007 Report

Strength of Evidence,
Updated Report

Conclusions

3. Key Question 3. Are there
subgroups of patients – based
on demographic and other
characteristics (i.e., age, race,
ethnicity, sex, comorbidities,
concurrent use of other
medications) – a for whom
ACE inhibitors, ARBs, or
DRIs are more effective, are
associated with fewer
adverse events, or are better
tolerated?

Very low Insufficient (ACE inhibitor vs.
ARB; DRI vs. ACE inhibitor
or ARB)

Evidence does not support conclusions
regarding the comparative effectiveness,
adverse events, or tolerability of ACE
inhibitors, ARBs, and DRIs for any
particular patient subgroup

*The reduction in the quality of evidence represents a difference in interpretation of the evidence that was suggested by reviewers of the full report
Abbreviations: ACE inhibitor(s)=angiotensin-converting enzyme inhibitor(s); ARB(s)=angiotensin II receptor blocker(s)/antagonist(s); CI=
confidence interval; DRI (s)=direct renin inhibitor(s); GFR=glomerular filtration rate; LV=left ventricular; MI=myocardial infarction; RCTs=
randomized controlled trials

Figure 1. Study flow diagram.
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between-group difference for any outcome.14 Results from
these studies are noted under the relevant specific outcomes
below.

Blood Pressure Control

The updated literature search identified an additional 30
studies (three evaluating a DRI) that reported a blood
pressure outcome, for a total of 80 studies.11–97 Study
durations ranged from 12 weeks to 5 years, with a median
of 24 weeks. Only nine studies reported enrollment of at
least 10% black patients.11,12,24,47,51,61,63,74,86,90 The
funding source was reported in 47 studies (59%),11–15,17–24,
26,27,30,32,42–44,47,49,51–55,57–62,66,67,69,70,72–76,78–80,82–84,86–88,

92,97 with the majority of these (32 studies) funded by the
manufacturer of one of the study medications.

For the overall comparison of blood pressure lower-
ing between ACE inhibitors and ARBs, 58 studies
(74%) reported no difference,15,17–31,33,35,37,40,41,44–49,51,52,

56–63,66,67,69,70,73,75–93,95,97 two studies (3%) favored
ACE inhibitors,64,65,74 11 studies (14%) favored
ARBs,16,34,36,43,50,53–55,68,72,94 and 6 studies (8%) did not
report a statistical comparison between the two
agents.32,38,39,42,71,96 Because of substantial heterogeneity
in study protocols, quantitative meta-analysis was not
performed for blood pressure lowering.

Successful Blood Pressure Control
with a Single Antihypertensive Agent

We identified seven new studies in the update (three
evaluating a DRI) that reported the outcome of successful
blood pressure control with a single antihypertensive
agent, for a total of 29 studies.11–14,17,27,31,34,40,42,44–47,49,
51–53,58,60,63,71,73–76,89–92,98 Sample sizes ranged from 30 to
13,303 patients. The rates of successful blood pressure control
with a single agent ranged from 6% to 93.3% (median 55%).

Table 2. Summary of Reviewed Studies

Outcome Study Design Studies, n
(New Studies)

Study Quality, n
(New Studies)

Participants, n
(New Patients)†

Good Fair Poor
Blood pressure control RCT 74 (27)* 15 (10) 41 (10) 18 (7) 22,953 (10,658)

Non-RCT 4 (3) 0 0 4 (3) 222 (160)
Retrospective cohort 1 (0) 0 1 0 1087
Case–control 1 (0) 0 0 1 88

Death and major cardiovascular events RCT 17 (8)* 8 (5) 6 (1) 4 (2) 10,281 (6944)
Non-RCT 1 (1) 1 (1) 71 (71)
Retrospective cohort 3 (3) 2 (2) 1 (1) 24,129 (24,129)

Quality of life RCT 4 0 4 0 1142
Rate of use of a single antihypertensive RCT 26 (7)* 9 (6) 14 (1) 3 9450 (4599)

Retrospective cohort 2 (0) 0 2 0 7071
Case–control 1 (0) 0 0 1 88

Lipid levels RCT 18 (7) 4 (2) 9 (2) 5 (3) 6250 (4637)
Non-RCT 1 (1) 1 (1) 36 (36)
Case–control 1 (0) 0 0 1 88

Progression to type 2 diabetes – – – – – –
Markers of carbohydrate metabolism
or diabetes control

RCT 18 (7) 3(1) 10 (3) 5 (3) 6026 (4412)

Non-RCT 3 (2) 0 1 (1) 2 (1) 169 (107)
Retrospective cohort 1 (1) 0 0 1 (1) 100
Case–control 1 (0) 0 0 1 88

Measures of left ventricular mass or function RCT 11 (5)* 4 (4) 3 4 (1) 1253 (687)
Non-RCT 1 (0) 0 0 1 62
Case–control 1 (0) 0 0 1 88

Measures of kidney disease (creatinine,
glomerular filtration rate, proteinuria)

RCT 25 (9)* 6 (4) 15 (4) 4 (1) 8733 (6159)

Non-RCT 2 (1) 0 1 (1) 1 133 (71)
Retrospective cohort 1 (1) 1 (1) 100 (100)
Cross-sectional cohort 1 (0) 0 0 1 49
Case–control 1(0) 0 0 1 88

Serious adverse events (overall rates) RCT 14 (7)* 6 (5) 7 (1) 1 (1) 10 219 (6390)
Adverse events (overall rates) RCT 48 (18)* 13 (9) 28 (7) 7 (2) 19 667 (9185)
Cough RCT 39 (13)* 9 (5) 26 (6) 4 (2) 18 445 (8375)

Prospective cohort 2 (0) 0 0 2 51 859
Cross-sectional cohort 1 (0) 0 0 1 49

Angioedema RCT 4 (1)* 1 (1) 3 0 2051 (842)
Withdrawals due to adverse events RCT 39 (17)* 12 (10) 24 (6) 3 (1) 12 736 (5222)

Non-RCT 1 (0) 0 0 1 62
Case–control 1 (0) 0 0 1 88

Adherence or persistence RCT 26 (18)* 8 (8) 15 (8) 3 (2) 8880 (5514)
Retrospective cohort 13 (4) 1 (1) 11 (3) 1 341 438 (141 332)

*Includes studies with a direct renin inhibitor
†Represents number included in ACE inhibitor and ARB treatment groups or, in the case of RCTs, number randomly assigned
Abbreviations: RCT=randomized controlled trial; non-RCT=a controlled trial that was not randomized
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We performed a meta-analysis of data from the 26 studies
directly comparing ACE inhibitors and ARBs. Data from
RCTs gave an estimated OR of 1.08 (95% CI 0.94 to 1.25),
suggesting that the odds of successful blood pressure
control are not statistically significantly different with an
ARB alone versus an ACE inhibitor alone (Fig. 2). The
relationship between the summary estimated OR, number of
randomized patients, and number of comparative studies is
shown in Appendix Figure 1 (available online) and
demonstrates minimal change in the estimated effect in
spite of multiple new studies over the last several years.

Death and Major Cardiovascular Events

An additional 12 studies with 31,144 patients that
reported how many patients died or had myocardial
infarction or stroke were published since the 2007 review,
for a total of 21 studies (three evaluating DRIs).11–14,
17–21,23,43,46,47,49,52,58,75,80,84,87,94,95,99–102 Most of
these studies excluded high risk patients and reported
only one or two clinical events. The study by Barnett
et al.23 provided the largest sample and had the
longest duration of follow-up. This study evaluated
telmisartan versus enalapril in 250 patients with
hypertension, type 2 diabetes and early nephropathy
over a 5-year treatment period. Cardiovascular events
occurred at a similar rate in both treatment groups:
there were six strokes in each group; nine nonfatal

MIs in the telmisartan group and six in the enalapril
group; and nine patients with heart failure in the
telmisartan group and six in the enalapril group. This
study also reported 12 deaths, six in the telmisartan
group and six in the enalapril group.

Large direct comparison trials in high-risk patients, such
as the Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial (ONTARGET), did not
meet our inclusion criteria. Despite a 10-fold increase in the
number of patients since the initial review, only 38 deaths
were reported, 22 of which were new since the original
report.

Lipid Levels and Glucose Control

Twenty studies (eight new, none involving a DRI)
met our inclusion criteria and evaluated serum lipid
changes,19,29,33,35,40,43,46,49,62,65,73,80,81,85,89,91,92,95,96

although none addressed the use of lipid-lowering agents
during the study period. Of 12 studies reporting direct
statistical comparisons,29,33,35,43,62,65,73,81,85,87,92,95 only
three found different effects between the medications
compared, with results favoring ACE inhibitors in one
study and ARBs in the other two.

Twenty-three studies (10 new) measured serum glu-
cose or hemoglobin A1c.19,22,29,33,35,40,43,46,49,60,62,65,77,80,
81,85,87,91,92,95,96,99,102 None addressed hypoglycemic ther-
apy during the study. No change occurred in hemoglobin
A1c either between or within groups in the 16 studies
reporting this outcome.

Left Ventricular Mass or Function

Thirteen studies (five new, including one evaluating a DRI)
presented original results on left ventricular mass or
function.14,22,25,27,28,41,69,78,79,84,88,89,92 Apart from one
study in which there was a greater reduction of left
ventricular hypertrophy with an ARB,89 there were no
differences between ACE inhibitor and ARB groups. Only
one study evaluated a DRI; it found similar effects between
aliskiren and an ARB.14

Serum Creatinine Level, Glomerular Filtration
Rate, and Proteinuria

Thirty studies (11 new, including two evaluating a DRI)
presented original results on either serum creatinine/
GFR,13,19,22,28,33,43,59,72,82,87,91,92 proteinuria,11,29,58,60,80,103

or both.23,30,46,49,56,62,65,73,81,97,99,102 The ten new studies
that described changes in creatinine or glomerular filtration
rate did not consistently demonstrate differential effects
with use of ACE inhibitors versus ARBs, nor did the two

Figure 2. Random-effects meta-analysis of RCTs evaluating successful
blood pressure control on monotherapy. Angiotensin-converting enzyme
(ACE) inhibitors versus angiotensin II receptor blockers (ARBs); RCT=

randomized controlled trial.
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studies comparing a DRI with the ACE inhibitor ram-
ipril;11,13 these findings were similar to those from the 2007
report. The analysis of all studies gave an estimated
standardized mean difference of 0.11 (95% CI −0.05 to
0.27), suggesting that mean posttreatment creatinine levels
were non-significantly higher for the ARB studies.

As in the 2007 report, the six new studies that quantitatively
described changes in urine albumin or protein excretion also
consistently demonstrated no differential effects with use of
ACE inhibitors versus ARBs.30,58,62,81,97,102 None evaluated
DRIs, all were conducted in non-U.S. sites, and most had
between 6 and 12 months follow-up.30,58,62,81

Quality of Life, Adverse Events, Persistence
and Adherence

Quality of Life. The updated search identified no new
studies that reported quality-of-life outcomes.

Serious and Overall Adverse Events. Fourteen studies
(seven new, including two evaluating a DRI) met our
inclusion criteria and reported overall rates of serious
adverse events.11,14,15,43,45,50,52,53,58,59,72,73,87,94 The
nature of serious adverse event reporting was inconsistent,
and overall rates were low (0 to 6%); thus, data on these
events are insufficient to quantitatively assess differential
effects.

One serious adverse event, angioedema, has been reported to
occur in ACE inhibitor-treated patients with much greater
frequency than in ARB-treated patients.101 However, this
outcome was reported in only four studies (one
new).11,45,57,63 One of the reported cases occurred in a patient
treated with a DRI; the other five cases were in patients treated
with an ACE inhibitor.

Specific Adverse Events. Forty-eight studies (18 new,
including two evaluating a DRI) reported rates of one
or more specific adverse events.11,13–16,19,24,26–30,34,36,37,43,45,
47–55,57–59,61–63,65,68,72,74,75,78,81,87,89,90,94,95,97,103–105 Given
the large number of commonly reported specific adverse
events, we focused on three specific events with the largest
difference in absolute rates across studies: dizziness, headache,
and cough.

Dizziness. Rates of dizziness in 31 studies reporting this
event ranged from 1% to 20% in ARB-treated groups
(mean 3.7%), 0% to 18% in ACE inhibitor-treated groups
(mean 4.4%), and 3% to 8% in DRI-treated groups (mean
6.0%).

Headache. Rates of headache in the 30 included studies ranged
from 1% to 22% in ARB-treated groups (mean 5.8%), 0% to
34% in ACE inhibitor-treated groups (mean 7.0%), and 9% to
11% in DRI-treated groups (mean 10.0%). This compares to

mean rates of 6.3% in ARB-treated groups and 7.9% in ACE
inhibitor-treated groups reported in the 2007 review.

Cough. Forty-two studies (13 new, including two
evaluating a DRI) reported cough as an adverse event; of
these, 40 studies compared rates of cough in subjects
treated with ACE inhibitors or ARBs,15,16,19,24,26–30,34,36,37,45,
47–53,55,57,59,61–63,65,68,72,74,75,87,89,90,94,95,97,103–105 and two in
subjects treated with an ACE inhibitor or a DRI.11,13 Rates of
cough ranged from 0 to 13% for ARB-treated groups (mean
2.2%) and 0 to 23% in ACE inhibitor-treated groups (mean
8.7%), and were 4% in DRI-treated patients. Based on our
meta-analysis of RCTs, ACE inhibitors have consistently
been shown to be associated with higher risk of cough than
ARBs (OR 4.74; 95% CI 3.56 to 6.31) (Fig. 3); the new
evidence did not significantly improve precision of the 2007
estimate (Appendix Figure 2 available online).

Withdrawals Due to Adverse Events. Forty-one studies (17
new, including 3 evaluating a DRI) reported withdrawals
due to adverse events.11,13,14,16,19,22–24,26–28,30,36,37,43,45,
47–50,52–54,57–63,65,72,78,80,82,88–90,92,95,97 Thirty-six trials
reported withdrawals due to adverse events for both ACE
inhibitors and ARBs; in 28 of these trials (78%) there were
more withdrawals in the ACE inhibitor-treated groups.

Meta-analysis of RCTs reporting this outcome yielded an
estimated OR of 1.77 (95% CI 1.42 to 2.21) (Fig. 4); however,
absolute rates of withdrawal due to an adverse event were low:
5.4% for ACE inhibitors and ∼3% for ARBs. In spite of
increasing evidence, this estimated OR has been remarkably
stable over the last decade (Appendix Figure 3 available online).

Two studies (both RCTs) compared a DRI with an ACE
inhibitor for this outcome. Combining these studies yielded
an estimated OR of 0.89 (95% CI 0.46 to 1.71) for DRI-
treated patients relative to ACE inhibitor-treated patients.

Adherence and Persistence. Thirty-nine studies
(22 new, including three evaluating a DRI) reported
at least some quantitative information on persistence
or adherence.11,13,14,16,26,30,36,37,42–44,47,48,50,55,57,58,62,73,76,81,
88,89,93–95,97,98,106–118 Adherence to study protocol, in terms
of pill counts, was universally high: at least 97% in five of
the nine studies assessed and above 90% in all nine, without
significant between group differences. Persistence with
ARBs was modestly better than with ACE inhibitors,
primarily due to adverse effects.

Effects in Subgroups of Patients

There was limited reporting of the comparative effectiveness
of ACE inhibitors, ARBs, and DRIs in particular subgroups
of patients. Among the 80 studies reporting blood pressure
outcomes, four (none new) reported data for women,35,45,54,55

nine studies (three new) reported results in patients ≥65 years

723Powers et al.: ACE inhibitors vs. ARBs vs. DRIs: A Systematic UpdateJGIM



old,13,17,34,38,45,53,54,75,90 five studies (one new) reported data
in a subgroup of black patients,13,17–21,61,74,90 and 10 studies
(two new) reported results for patients with diabetes and
hypertension.23,29,32,33,46,47,49,60,73,80 None of the results for
these subgroups differed appreciably from the combined
results for all patients.

DISCUSSION

Since the 2007 report on the comparative effectiveness of
ACE inhibitors and ARBs in the treatment of hypertension,
substantially more original research directly comparing
these agents has been published (59% more studies).

However, data from these new studies have not significantly
changed the conclusions or the strength of evidence from
the original report. As demonstrated in Appendix Figures 1,
2, and 3 (available online), the number of new studies is
increasing, but with little added precision for our estimates
of effects on blood pressure lowering, withdrawals due to
adverse events, and cough, all of which are known with a
high level of certainty. Conversely, the new evidence
reported here did not significantly add to our understanding
of long-term outcomes, quality of life, renal outcomes,
medication adherence, or differences in key patient sub-
groups. New evidence on the comparative effectiveness of
DRIs versus either ACE inhibitors or ARBs was limited to
three studies with 2049 patients and did not allow definitive
conclusions for any of our included outcomes. More long-

Study name Odds ratio and 95% CI
Odds Lower Upper 
ratio limit limit

Townsend et al., 1995 4.063 0.846 19.499
Tikkanen et al., 1995 13.889 3.244 59.464
Ruff et al., 1996 1.568 0.323 7.620
Roca-Cusachs et al., 1997 1.105 0.498 2.454
Black et al., 1997 7.849 2.567 24.003
Larochelle et al., 1997 5.937 1.515 23.269
Mimran et al., 1998 2.241 0.872 5.761
Karlberg et al., 1999 2.716 1.203 6.135
Neutel et al., 1999 2.431 1.102 5.364
Elliott, 1999 1.947 1.226 3.091
Naidoo et al., 1999 2.752 1.355 5.593
McInnes et al., 2000 6.233 2.966 13.100
Malmqvist et al., 2000 42.976 2.568 719.092
Lacourciere et al., 2000 17.697 0.983 318.559
Ruilope et al., 2001 10.915 1.381 86.266
Amerena et al., 2002 12.821 2.991 54.965
Coca et al., 2002 10.476 1.318 83.267
Derosa et al., 2002 3.571 0.345 36.941
Cuspidi et al., 2002 3.198 0.930 10.999
Ragot et al., 2002 6.258 1.384 28.300
Derosa et al., 2003 5.000 0.234 106.946
Fogari et al., 2004 4.169 0.455 38.208
Malacco et al., 2004 7.762 3.282 18.355
Koylan et al., 2005 11.546 3.473 38.387
Lacourciere et al., 2006 35.647 4.851 261.928
Williams et al., 2006 11.923 2.792 50.916
Fogari et al, 2006 5.127 0.242 108.509
Deyneli et al, 2006 3.261 0.120 88.347
Tedesco et al, 2006 9.264 0.494 173.700
Xu et al, 2007 4.794 0.224 102.537
Zhu et al, 2008 5.351 0.246 116.310
Fogari et al, 2008 9.149 0.487 171.783
Kloner et al, 2008 6.674 0.341 130.817
Spinar et al, 2009 8.206 2.902 23.209
Nakamura et al, 2009 5.196 0.238 113.586
Akat et al, 2010 10.143 0.525 195.906
Malacco et al, 2010 6.584 1.479 29.316

4.741 3.564 6.307

0.01 0.1 1 10 100

Favors ACEIs Favors ARBs

Figure 3 Random-effects meta-analysis of RCTs evaluating cough as an adverse event. Angiotensin-converting enzyme (ACE) inhibitors versus angiotensin II
receptor blockers (ARBs); RCT=randomized controlled trial.
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term studies directly comparing DRIs with ACE inhibitors
and ARBs are needed before this new medication class can
be recommended.

The lack of clinically useful new information, in spite of
many more new publications, is likely explained by several
factors. There could be a mismatch between the areas of
greatest research value and the actual research being funded.
Formal analysis of the value of new research Information may
be useful for guiding decisions about the use of future
research funds.119 Even if value-of-information methods were
applied to this area, the incentives for comparative effective-
ness research investment differ between public funders and
private, for-profit corporations. Therefore, the highest value
research may not be the most likely to be funded.

The primary outcomes of many of the new studies were
biochemical, and the clinical information abstracted from

their reports was sparse. Even among our clinically
measured outcomes, many are only a proxy for the
clinically meaningful outcomes. The importance of directly
comparing these medications’ effects on clinical outcomes
is particularly important considering the mixed results of
other placebo-controlled and direct comparison studies of
ACE inhibitors and ARBs for these outcomes.120–122

Our review has some limitations. While our results are
restricted to patients with essential hypertension, the agents
studied here have been compared in large studies and in
systematic reviews for related conditions such as congestive
heart failure, ischemic heart disease, and chronic kidney
disease.120,123,124 These systematic reviews, like ours, have
limited inclusion to studies conducted in patients with the
target condition; however, these reviews have examined an
overlapping set of efficacy and safety outcomes. As a result,

Study name Odds ratio and 95% CI
Odds Lower Upper 
ratio limit limit

Mallion et al., 1995 1.010 0.327 3.117
Townsend et al., 1995 1.323 0.538 3.252
Tikkanen et al., 1995 2.394 0.901 6.360
Roca-Cusachs et al., 1997 2.423 0.747 7.859
Black et al., 1997 1.117 0.460 2.713
Mimran et al., 1998 0.314 0.032 3.067
Karlberg et al., 1999 1.514 0.676 3.391
Neutel et al., 1999 16.605 2.062 133.750
Elliott, 1999 1.000 0.062 16.072
Naidoo et al., 1999 1.018 0.203 5.113
McInnes et al., 2000 2.186 1.005 4.755
Shand, 2000 3.444 0.129 91.788
Lacourciere et al., 2000 0.500 0.044 5.692
Mogensen et al., 2000 1.032 0.141 7.558
Coca et al., 2002 1.460 0.239 8.907
Derosa et al., 2002 8.628 0.422 176.321
Cuspidi et al., 2002 2.128 0.781 5.800
Amerena et al., 2002 2.080 0.619 6.994
Malacco et al., 2004 2.595 1.191 5.655
Barnett et al., 2004 1.500 0.799 2.817
Schram et al., 2005 0.333 0.032 3.469
Koylan et al., 2005 57.577 3.482 952.207
Lacourciere et al, 2006 1.962 0.962 3.998
Fogari et al, 2006 2.053 0.365 11.538
Deyneli et al, 2006 3.261 0.120 88.347
Spoelstra-de Man et al, 2006 0.333 0.032 3.469
Tedesco et al, 2006 2.540 0.484 13.336
Xu et al, 2007 4.794 0.224 102.537
Hermida et al, 2008 0.500 0.044 5.629
Zhu et al, 2008 5.351 0.246 116.310
Fogari et al, 2008 5.084 0.585 44.168
Menne et al, 2008 1.240 0.261 5.888
Kloner et al, 2008 2.808 0.113 69.719
Nakamura et al, 2009 5.196 0.238 113.586

1.771 1.420 2.210

0.1 0.2 0.5 1 2 5 10

Favors ACEIs Favors ARBs

Figure 4 Random-effects meta-analysis of RCTs evaluatingwithdrawals due to adverse events. Angiotensin-converting enzyme (ACE) inhibitors versus angiotensin II
receptor blockers (ARBs); RCT=randomized controlled trial.
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important direct comparison trials are often excluded from
reviews because they do not meet the target condition
inclusion criteria. Such was the case with ONTARGET,
which was excluded from this review because no results
were reported exclusively for patients with hypertension. It
is likely that combining studies reporting identical out-
comes, but in different target populations, may yield
important new information, particularly for rarer events.125

The ability to evaluate heterogeneity in treatment
response is limited by infrequent reporting of subgroup
results. This limitation could be overcome if individual
patient-level data were available for meta-analyses. This
analysis would be logistically challenging given the
proprietary nature of the data and a lack of uniform data
quality standards; however, there are successful examples
demonstrating such broad collaboration.126

There continue to be significant efforts to differentiate the
comparative benefits and harms of the vast array of
available pharmacotherapies for reducing vascular risk.
Many of the differences between medication classes are
likely small but nevertheless important when applied to the
large population of patients. Detecting these differences
may depend on the ability to maximize the information
available across completed research studies and prioritiza-
tion of future research around remaining areas of uncertain-
ty. Coordinating these efforts across the broad spectrum of
stakeholders would require a significant commitment from
private and public sponsors of research, but one that may
better serve a public interest in research efficiency.

RESOLUTION OF CLINICAL CASE

Based on the available evidence you first recommend
against a DRI because there is not enough evidence to
support its use. You advise the patient that an ACE inhibitor
or an ARB would likely lower her blood pressure to a
similar degree. You cannot be sure which one will provide
greater risk reduction for a heart attack, stroke, kidney
failure, or development of diabetes; however, when these
have been directly compared in research studies, there was
no significant difference. You advise her that approximately
9% of people who start taking an ACE inhibitor develop a
dry cough which goes away only with stopping the
medication, compared to only 2% of those who start an
ARB. There is also a 1 in 1000 risk for developing
angioedema from an ACE inhibitor, and while the risk is
not known for sure for ARBs, it is likely much lower
(approximately 1 in 10,000). You also point out the
significantly lower cost of ACE inhibitors; however this
cost difference will likely decrease in the future with
generic ARBs such as losartan. Based on the proven
efficacy, cost difference, and acceptably low risk for side
effects, she decides to try the ACE inhibitor lisinopril first,

with a plan to switch to an ARB if she notices any side
effects from this medication.
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