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ABSTRACT
Objective
To critically evaluate the efficacy of renin angiotensin
system inhibitors (RASi) in patients with coronary
artery disease without heart failure, compared with
active controls or placebo.
Design
Meta-analysis of randomized trials.
Data sources
PubMed, EMBASE, and CENTRAL databases until
1 May 2016.
Eligibility criteria for selecting studies
Randomized trials of RASi versus placebo or active
controls in patients with stable coronary artery disease
without heart failure (defined as left ventricular
ejection fraction ≥40% or without clinical heart
failure). Each trial had to enroll at least 100 patients
with coronary artery disease without heart failure, with
at least one year’s follow-up. Studies were excluded if
they were redacted or compared use of angiotensin
converting enzyme inhibitors with angiotensin
receptor blockers. Outcomes were death,
cardiovascular death, myocardial infarction, angina,
stroke, heart failure, revascularization, incident
diabetes, and drug withdrawal due to adverse effects.
Results
24 trials with 198 275 patient years of follow-up were
included. RASi reduced the risk of all cause mortality
(rate ratio 0.84, 95% confidence interval 0.72 to 0.98),
cardiovascular mortality (0.74, 0.59 to 0.94),
myocardial infarction (0.82, 0.76 to 0.88), stroke
(0.79, 0.70 to 0.89), angina, heart failure, and
revascularization when compared with placebo but not

What is already known on this topic
Renin angiotensin system inhibitors (RASi) are strongly recommended by
guidelines (class I or IIa) for patients with coronary artery disease without heart
failure, on the basis of early studies of RASi versus placebo showing significant
reduction in cardiovascular events including mortality
However, later studies with improvement in background treatment showed no
benefit of RASi versus placebo

What this study adds
In patients with stable coronary artery disease without heart failure, a significant
benefit of RASi was seen for the reduction of cardiovascular events and all cause
mortality only in comparison with placebo but not with active controls
Even among the placebo controlled trials, the benefits were only seen in trials with
high baseline risk and not in those with low baseline risk
The blanket recommendation to use RASi for all patients with coronary artery
disease is not supported by evidence
the bmj | BMJ 2017;356:j4 | doi: 10.1136/bmj.j4

when compared with active controls (all cause
mortality, 1.05, 0.94 to 1.17; Pinteraction=0.006;
cardiovascular mortality, 1.08, 0.93 to 1.25,
Pinteraction<0.001; myocardial infarction, 0.99, 0.87 to
1.12, Pinteraction=0.01; stroke, 1.10, 0.93 to 1.31;
Pinteraction=0.002). Bayesian meta-regression analysis
showed that the effect of RASi when compared with
placebo on all cause mortality and cardiovascular
mortality was dependent on the control event rate,
such that RASi was only beneficial in trials with high
control event rates (>14.10 deaths and >7.65
cardiovascular deaths per 1000 patient years) but not
in those with low control event rates.
Conclusions
In patients with stable coronary artery disease without
heart failure, RASi reduced cardiovascular events and
death only when compared with placebo but not when
compared with active controls. Even among placebo
controlled trials in this study, the benefit of RASi was
mainly seen in trials with higher control event rates but
not in those with lower control event rates. Evidence
does not support a preferred status of RASi over other
active controls.

Introduction
Renin angiotensin system inhibitors (RASi) have been
documented to reduce the risk of cardiovascular events
and overall mortality when compared with placebo in
patients with coronary artery disease and even in those
without apparent heart failure.1 2 Because the mean systolic blood pressure on entry in these trials was lower
than 140 mm Hg and the end of trial difference in blood
pressure between the two treatment strategy was minimal, the favorable effect of RASi on outcomes has been
dubbed as a “blood pressure independent effect”—a
vasculoprotective properties of these drugs.3
However, in the Prevention of Events with Angiotensin Converting Enzyme Inhibition (PEACE) trial of
patients with stable coronary artery disease and normal
or slightly reduced left ventricular function, RASi provided no further benefit when compared with placebo.4
Similar results with no benefit of RASi were seen in the
Quinapril Ischemic Event Trial (QUIET)5 , Comparison
of Amlodipine vs Enalapril to Limit Occurrences of
Thrombosis (CAMELOT) study,6 and Ischemia Management With Accupril Post-Bypass Graft via Inhibition of
the Converting Enzyme (IMAGINE) trial.7 These seemingly incongruous findings were attributed to lower rate
of events in these four trials than in the HOPE and
EUROPA trials,1 2 owing to increased use of intense
treatment including revascularization and lipid lowering treatment.
1
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Despite the above, the American College of Cardiology
Foundation (ACCF)/American Heart Association (AHA)
guidelines on stable ischemic heart disease recommends RASi in patients who also have hypertension,
diabetes, left ventricular ejection fraction (LVEF) of 40%
or less, or chronic kidney disease, unless contraindicated (class I, level A) or in patients with other vascular
disease (class IIa).8 The objective of the current study
was to critically evaluate the efficacy of RASi in patients
with coronary artery disease without heart failure.

Methods
Database search and eligibility criteria
We searched PubMed, Cochrane Central Register of
Controlled Trials (CENTRAL), and EMBASE until 1 May
2016, for randomized controlled trials of RASi (angiotensin converting enzyme inhibitors or angiotensin
receptor blockers) in patients with coronary artery disease without heart failure. The MeSH terms used are
outlined in table S1. There was no language restriction
for the search. In addition, we searched the bibliographies of original trials, meta-analyses, and review articles identified to find other eligible trials, and kept up to
date with the search by weekly reminders from PubMed.
Eligible trials had to fulfill the following criteria:
compared RASi with placebo or active controls; enrolled
at least 100 patients with coronary artery disease without heart failure (defined as LVEF ≥40% or without clinical heart failure) with follow-up of at least one year (to
minimize small study effect); and reported the outcomes of interest (see below). We excluded studies if
they were redacted for any reason or compared use of
angiotensin converting enzyme inhibitors with angiotensin receptor blockers. Given that there was no
patient recruitment, ethical approval was not required.
Data extraction and bias assessment
Three authors (RF, BT, SB) independently assessed trial
eligibility and trial bias risk and extracted data. Disagreements were resolved by consensus. The trials’ bias risk
was assessed with the components recommended by the
Cochrane Collaboration for randomized trials.9 These
components include allocation sequence generation,
allocation concealment, blinding of outcome assessors,
incomplete outcome data, and selective outcome reporting. For each component, trials were categorized as low,
high, or unclear risk of bias. The trials did not differ by
the last two components, and thus we considered trials
with high or unclear risk for bias for the first three components to represent trials with high risk of bias.
Outcomes
Primary outcomes evaluated were all cause mortality,
cardiovascular death, myocardial infarction, stroke,
angina pectoris, and heart failure. Secondary outcomes
evaluated were revascularization, incident diabetes,
and drug withdrawal due to adverse effects.
Statistical analyses
Trial level meta-analysis was performed as per the recommendations from the Cochrane Collaboration and
2

the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement.9 10 We performed
the analysis using an intention to treat approach. Analyses compared RASi versus placebo and RASi versus
active controls separately. A test for interaction was
used to compare the quantitative (magnitude) and qualitative direction of the effect size for the placebo and
active control trials, with Pinteraction<0.05 considered statistically significant.
We calculated the meta-analytic summary estimates
(rate ratio) using the fixed effect model and the random
effects model of DerSimonian and Laird.11 Continuity
correction was used for trials with zero events to enable
finite variance estimators to be derived.12 Heterogeneity
(proportion of total variation observed between the trials attributable to differences between trials rather than
chance) was assessed using the I2 statistic13 (<25%=low;
>75%=high). We assessed small study effect using the
Begg’s and the Egger’s test and by visual evaluation of
the funnel plots for asymmetry.

Heterogeneity of treatment effect
For the heterogeneity of treatment effect based on baseline risk, we calculated the event rate per 1000 patient
years of follow-up in the control arm (placebo or active)
of the trial. The control event rate is a good measure of
not only the baseline clinical characteristic of the
enrolled cohort (such as the proportion with diabetes or
kidney disease), but also the background treatment
(such as statin use). Conventional meta-regression of
the treatment effect with the control event rate as
explanatory variable is problematic because it ignores
the correlation between the treatment effect and the
control event rate. Therefore, a Bayesian meta-regression was used, which accounts appropriately for this
correlation.14 15
A strong interaction effect between the treatment
effect and the baseline risk is indicated if the 95% credible interval for the control event rate parameter
excludes zero. To further quantify this interaction, a
credible band for the relation between the treatment
effect and baseline risk was calculated, and the turning
point for which there is no treatment effect (that is, rate
ratio=1) was calculated. Vague priors were used for all
parameters; we conducted all analyses using WinBUGS
1.4.3 and R 3.3.0.
We did a conventional meta-regression analysis to
evaluate the relation of the following potential effect
modifiers to the risk of outcomes with RASi: end of trial
systolic blood pressure difference between treatment
arms, percentage of patients with hypertension, percentage of patients with diabetes, and percentage of
patients on statins. This was done separately for placebo controlled trials versus active controlled trials. We
used a residual maximum likelihood to estimate the
additive (between study) component of variance τ2 for
the meta-regression analysis. Bootstrap analyses were
performed with a Monte Carlo permutation test for
meta-regression using 10 000 random permutations.16
We used standard statistical software (Stata 12.1, Stata)
to conduct analyses.17
doi: 10.1136/bmj.j4 | BMJ 2017;356:j4 | the bmj
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Sensitivity analysis
Sensitivity analyses were performed for the following
subgroups: trials with mean baseline systolic blood
pressure 140 mm Hg or less versus more than 140 mm
Hg (to evaluate whether the benefit of RASi is restricted
to patients with higher entry blood pressure); trials
enrolling patients with recent myocardial infarction
(defined as ≤3 months) versus those not (to evaluate
whether the benefit of RASi is restricted to patients
with recent myocardial infarction); and trials using
angiotensin converting enzyme inhibitors compared
with those using angiotensin receptor blockers as the
treatment.
Trial sequential analysis
To compare RASi with active controls, the lack of significant benefit of RASi could merely be due to type II
error. To evaluate this, we used trial sequential analysis
to evaluate whether the RASi versus active controls
comparisons had adequate power. For trial sequential
analysis, monitoring boundaries are drawn for each
outcome, similar to interim analysis of randomized trials. This provides information on whether to continue
evaluating for evidence when the boundary is not
crossed or whether sufficient evidence is reached for
anticipated effect or for futility when the boundary is
crossed. Trial sequential analysis was performed by
estimation of the required diversity adjusted information size (sample size),18 anticipating a 15-20% relative
risk reduction for the outcome (death, cardiovascular
death, stroke), α=5% and 1−β=90%. The methodology
has been described previously.19 20 The 15-20% relative
reduction was chosen because it is the nominal effect
size seen in cardiovascular trials that is both clinically
meaningful and realistic.
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in
developing plans for design or implementation of the
study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants
or the relevant patient community.
Results
Study selection
Our search included 24 trials that satisfied the inclusion and exclusion criteria (fig S1). The trials enrolled
61 961 patients who were followed up for an average of
3.2 years, for a total of 198 275 patient years of follow-up (tables S2-S3). Of the included trials, five
enrolled patients within three months of acute myocardial infarction, 18 were placebo controlled, and
seven were active controlled. The active comparison
groups were calcium antagonists (four trials), thiazide
diuretic (one), and conventional treatment (two).
Nineteen trials had mean systolic blood pressure
lower than 140 mm Hg at baseline. The baseline characteristics and bias risk assessment of the trials are
outlined in tables S2-S3.
the bmj | BMJ 2017;356:j4 | doi: 10.1136/bmj.j4

All cause mortality
RASi reduced the risk of all cause mortality when compared with placebo (rate ratio 0.84, 95% confidence
interval 0.72 to 0.98) but not when compared with active
controls (1.05, 0.94 to 1.17; Pinteraction=0.006; fig 1 ). Bayesian meta-regression showed that the beneficial effect of
RASi versus placebo on all cause mortality depended on
the control event rate, such that RASi was only beneficial in trials with a high control event rate (>14.10
deaths per 1000 patient years) but not in those with a
low control event rate (fig 2 ). The other effect modifiers
were not significant predictors (tables S8-S9). Trial
sequential analysis for RASi versus active controls
showed that the cumulative Z curve did not cross either
the conventional boundary or the trial sequential monitoring boundary, indicating lack of even a 15% benefit
of RASi over active controls with 90% power (fig S3).
There was moderate statistical heterogeneity in the
comparison versus placebo but no statistical heterogeneity in the comparison with active controls (fig 1).
Cardiovascular mortality
RASi reduced the risk of cardiovascular mortality when
compared with placebo (rate ratio 0.74, 95% confidence
interval 0.59 to 0.94) but not when compared with active
controls (1.08, 0.93 to 1.25; Pinteraction<0.001; fig 3 ). Bayesian meta-regression showed that the beneficial effect of
RASi versus placebo on cardiovascular mortality
depended on the control event rate such that RASi was
only beneficial in trials with a high control event rate
(>7.65 cardiovascular deaths per 1000 patient years) but
not in those with a low control event rate (fig 4 ). The other
effect modifiers were not significant predictors (tables
S8-S9). Trial sequential analysis for RASi versus active
controls showed that the cumulative Z curve did not cross
either the conventional boundary or the trial sequential
monitoring boundary, indicating lack of even a 15% benefit of RASi over active controls with 90% power (fig S4).
There was moderate statistical heterogeneity in the comparison of RASi versus placebo, but no statistical heterogeneity in the comparison with active controls (fig 4).
Myocardial infarction
RASi reduced the risk of myocardial infarction when
compared with placebo (rate ratio 0.82, 95% confidence
interval 0.76 to 0.88) but not when compared with active
controls (0.99, 0.87 to 1.12; Pinteraction=0.01; fig 5 ). Bayesian meta-regression showed that the beneficial effect of
RASi versus placebo on myocardial infarction depended
on the control event rate such that RASi was beneficial
in trials with a high control event rate but not in those
with a low control event rate (fig 6 ). However, the 95%
credibility for β included zero (−0.38 to 0.15). Moreover,
the end of trial systolic blood pressure difference
between RASi and placebo explained 93.1% of the
between study variance—that is, RASi was beneficial
when compared with placebo mainly in trials with a
greater difference in systolic blood pressure at the end
of the trial (fig S3). Trial sequential analysis for RASi
versus active controls showed that the cumulative Z
curve did not cross either the conventional boundary or
3
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No of events/total
Trials

RASi

Control

Rate ratio
(95% CI)

Placebo

Weight
(%)

Rate ratio
(95% CI)

APRES

2/80

8/79

0.61

0.25 (0.05 to 1.16)

CAMELOT

8/673

6/655

1.23

1.30 (0.45 to 3.74)

CATS

2/149

3/149

0.46

0.67 (0.11 to 3.99)

Cai et al

47/478

99/344

6.19

0.34 (0.24 to 0.48)

EUROPA

375/6110

420/6108

10.43

0.89 (0.78 to 1.03)

HOPE

482/4645

569/4652

10.78

0.85 (0.75 to 0.96)

IMAGINE

28/1280

28/1273

3.82

1.00 (0.59 to 1.68)

JAMP

47/422

47/466

5.28

1.10 (0.74 to 1.65)

Kondo et al

4/203

11/203

1.07

0.36 (0.12 to 1.14)

PART-2

16/308

25/309

2.95

0.64 (0.34 to 1.20)

PEACE

299/4158

334/4132

10.09

0.89 (0.76 to 1.04)

PRACTICAL

12/150

12/75

2.00

0.50 (0.23 to 1.11)

PREAMI

40/631

37/621

4.69

1.06 (0.68 to 1.66)

QUIET

27/878

27/872

3.73

0.99 (0.58 to 1.69)

0/75

0/73

0.10

0.97 (0.02 to 49.05)

QUO VADIS
ROADMAP (CHD subgroup)

13/564

3/540

0.90

4.15 (1.18 to 14.56)

SCAT

8/229

11/231

1.61

0.73 (0.30 to 1.82)

364/2954

349/2972

10.28

1.05 (0.91 to 1.22)

76.24

0.84 (0.72 to 0.98)

TRANSCEND
D+L subtotal: P=0, I2=66.8%

0.88 (0.83 to 0.94)

I-V subtotal
Active
407/2270

1067/6145

10.9

1.03 (0.92 to 1.16)

CAMELOT

8/673

7/663

1.33

1.13 (0.41 to 3.11)

CARP

7/90

6/101

1.17

1.31 (0.44 to 3.90)

HIJ-CREATE

69/1024

59/1025

6.18

1.17 (0.83 to 1.66)

JMIC-B

15/822

12/828

2.19

1.26 (0.59 to 2.69)

NAGOYA HEART (CHD subgroup) 6/158

8/174

1.23

0.83 (0.29 to 2.38)

4/126

4/121

0.75

0.96 (0.24 to 3.84)

23.76

1.05 (0.94 to 1.17)

ALLHAT (CHD subgroup)

Fig 1 | Forest plot showing
effect of renin angiotensin
system inhibitors (RASi)
versus placebo or active
controls on all cause
mortality in patients with
stable coronary artery
disease without heart
failure. D+L=DerSimonian
and Laird; I-V=inverse
variance; CHD=coronary
heart disease

OLIVUS
D+L subtotal: P=0.983, I2=0%

1.05 (0.94 to 1.17)

I-V subtotal
D+L overall: P=0, I2=59.9%

100.00 0.89 (0.79 to 1.01)
0.92 (0.88 to 0.98)

I-V overall
0.01

Pinteraction (placebo v active)= 0.006

Favors
RASi

the trial sequential monitoring boundary, indicating
lack of even a 20% benefit of RASi over active controls
with 90% power (fig S5). There was no statistical heterogeneity in the analysis (fig 5).

Rate ratio (RASi v placebo)

RASi better

Placebo better

Regression line: rate ratio = 2.65*λcβ
β = -0.37 (-0.56 to -0.18), P(β > 0) = 0.00032
95% credible interval
3.00
2.00
1.50
1.00
0.67
0.50
0.33
2

5

10 14.1 20

50

100

Control event rate per 1000 patient years (λc)

Fig 2 | Bayesian meta-regression analysis of the influence
of baseline risk (control event rate) on the effect size of
RASi versus placebo on all cause mortality
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Favors
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Stroke
RASi reduced the risk of stroke when compared with
placebo (rate ratio 0.79, 95% confidence interval 0.70
to 0.89) but not when compared with active controls
(1.10, 0.93 to 1.31; Pinteraction=0.002; fig 7 ). Bayesian
meta-regression showed that the beneficial effect of
RASi versus placebo on stroke depended on the control event rate such that RASi was beneficial in trials
with a high control event rate but not in those with a
low control event rate. However, the 95% credibility
for β included zero (−0.69 to 0.06). The other effect
modifiers were not significant predictors (tables
S8-S9). There was no or low statistical heterogeneity
in the analysis (fig 7).
Angina
RASi reduced the risk of angina when compared with
placebo (rate ratio 0.94, 95% confidence interval 0.89 to
0.99) but not when compared with active controls (1.07,
0.85 to 1.35; Pinteraction=0.03; fig 8 ). The other effect modifiers were not significant predictors (tables S8-S9).
There was low statistical heterogeneity in the
doi: 10.1136/bmj.j4 | BMJ 2017;356:j4 | the bmj
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No of events/total
RASi

Trials

Control

Rate ratio
(95% CI)

Placebo

Weight
(%)

Rate ratio
(95% CI)

APRES

1/80

7/79

0.78

0.14 (0.02 to 1.15)

CAMELOT

5/673

2/655

1.22

2.43 (0.47 to 12.54)

Cai et al

43/478

99/344

8.40

0.32 (0.22 to 0.45)

EUROPA

215/6110

249/6108

10.75

0.86 (0.72 to 1.04)

HOPE

282/4645

377/4652

11.05

0.75 (0.64 to 0.87)

IMAGINE

18/1280

15/1273

4.72

1.19 (0.60 to 2.37)

JAMP

11/422

14/466

3.94

0.87 (0.39 to 1.91)

Kondo et al

2/203

9/203

1.38

0.22 (0.05 to 1.03)

PART-2

8/308

18/309

3.66

0.45 (0.19 to 1.03)

PEACE

146/4158

152/4132

10.2

0.96 (0.76 to 1.20)

PRACTICAL

9/150

12/75

3.47

0.38 (0.16 to 0.89)

QUIET

12/878

27/872

3.97

0.92 (0.42 to 2.01)

0/75

0/73

0.23

0.97 (0.02 to 49.05)

ROADMAP (CHD subgroup)

11/564

1/540

0.81 10.53 (1.36 to 81.58)

SCAT

4/229

7/231

2.02

0.58 (0.17 to 1.97)

227/2954

223/2972

10.72

1.02 (0.85 to 1.23)

77.32

0.74 (0.59 to 0.94)

QUO VADIS

TRANSCEND
D+L subtotal: P=0, I2=73.2%

0.81 (0.75 to 0.89)

I-V subtotal
Active
215/2270

534/6145

11.01

CAMELOT

5/673

5/663

1.99

0.99 (0.29 to 3.40)

CARP

0/90

0/101

0.23

1.12 (0.02 to 56.56)

28/1024

25/1025

6.12

1.12 (0.65 to 1.92)

6/822

6/828

2.31

1.01 (0.33 to 3.12)

NAGOYA HEART (CHD subgroup) 0/158

4/174

0.41

0.12 (0.01 to 2.27)

1/126

2/121

0.60

0.48 (0.04 to 5.30)

22.68

1.08 (0.93 to 1.25)

ALLHAT (CHD subgroup)

HIJ-CREATE
JMIC-B
OLIVUS
D+L subtotal: P=0.853, I2=0%

1.08 (0.93 to 1.25)

I-V subtotal
D+L overall: P=0, I2=68.2%

100.00 0.80 (0.66 to 0.97)
0.87 (0.81 to 0.94)

I-V overall
0.01

1

10

Heart failure
RASi reduced the risk of heart failure when compared
with placebo (rate ratio 0.78, 95% confidence interval
0.71 to 0.86) but not when compared with active controls (0.89, 0.62 to 1.29; Pinteraction=0.49; fig 9 ). The other
effect modifiers were not significant predictors (tables
S8-S9). There was moderate statistical heterogeneity in
the comparison versus placebo but no statistical heterogeneity in the comparison with active controls (fig 9).
Revascularization, incident diabetes, and drug
withdrawal due to adverse effects
RASi reduced the risk of revascularization when compared with placebo (rate ratio 0.93, 95% confidence
interval 0.89 to 0.98) but not when compared with
active controls (1.02, 0.94 to 1.12; Pinteraction=0.07; fig S6).
The other effect modifiers were not significant predictors (tables S8-S9). There was low statistical heterogeneity in the analysis (fig S6). RASi also reduced the risk

100
Favors
control

of incident diabetes when compared with placebo
(0.84, 0.76 to 0.92) and with active controls (0.39, 0.16 to
0.93; Pinteraction=0.09; fig S7). There was moderate statistical heterogeneity in the analysis (fig S7). When
Regression line: rate ratio = 2.45*λcβ
β = -0.44 (-0.66 to -0.27), P(β > 0) <0.001
95% credible interval
Rate ratio (RASi v placebo)

c omparison versus placebo but moderate statistical
heterogeneity in the comparison with active controls
(fig 8).

the bmj | BMJ 2017;356:j4 | doi: 10.1136/bmj.j4

0.1

Favors
RASi

Placebo better

Pinteraction (placebo v active)= 0.0008

RASi better

Fig 3 | Forest plot showing
effect of renin angiotensin
system inhibitors (RASi)
versus placebo or active
controls on cardiovascular
mortality in patients with
stable coronary artery
disease without heart
failure. D+L=DerSimonian
and Laird; I-V=inverse
variance; CHD=coronary
heart disease

1.09 (0.93 to 1.28)

5.00
3.00
2.00
1.50
1.00
0.67
0.50
0.33
0.20
1

2

5 7.65 10

20

50

100

Control event rate per 1000 patient years (λc)

Fig 4 | Bayesian meta-regression analysis of the influence
of baseline risk (control event rate) on the effect size of
RASi versus placebo on cardiovascular mortality
5
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No of events/total
Trials

RASi

Control

Rate ratio
(95% CI)

Placebo

Weight
(%)

Rate ratio
(95% CI)

1/80

4/79

0.09

0.25 (0.03 to 2.21)

CAMELOT

11/673

19/655

0.76

0.56 (0.27 to 1.18)

CATS

2/149

2/149

0.11

1.00 (0.14 to 7.10)

Cai et al

1/478

2/344

0.07

0.36 (0.03 to 3.97)

EUROPA

320/6110

418/6108

19.68

0.77 (0.66 to 0.89)

HOPE

459/4645

570/4652

27.61

0.81 (0.71 to 0.91)

IMAGINE

16/1280

21/1273

0.99

0.76 (0.4 to 1.45)

JAMP

17/422

18/466

0.95

1.04 (0.54 to 2.02)

APRES

Kondo et al

2/203

1/203

0.07

2.00 (0.18 to 22.06)

PART-2

22/308

33/309

1.43

0.67 (0.39 to 1.15)

PEACE

222/4158

220/4132

12.00

1.00 (0.83 to 1.21)

QUIET

36/878

40/872

2.06

0.89 (0.57 to 1.40)

SCAT

8/229

13/231

0.54

0.62 (0.26 to 1.50)

116/2954

147/2972

7.04

0.79 (0.62 to 1.01)

73.39

0.82 (0.76 to 0.88)
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Fig 5 | Forest plot showing effect of renin angiotensin system inhibitors (RASi) versus placebo or active controls on
myocardial infarction in patients with stable coronary artery disease without heart failure. D+L=DerSimonian and Laird;
I-V=inverse variance; CHD=coronary heart disease
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Rate ratio (RASi v placebo)

Regression line: rate ratio = 1.14*λcβ
β = -0.12 (-0.38 to 0.15), P(β > 0) = 0.17
95% credible interval
Placebo better

Sensitivity analysis
For placebo controlled trials, the beneficial effect of
RASi was independent of systolic blood pressure at
baseline (Pinteraction>0.05; table S5). The benefit of RASi
over placebo was seen both in trials that enrolled
patients with recent myocardial infarction as well as
those that enrolled patients with stable ischemic heart
disease (Pinteraction>0.05; table S5). However, for the
outcomes of death (Pinteraction=0.004) and cardiovascular
death (Pinteraction<0.001), the benefit was greater in
patients with recent myocardial infarction than in those
with stable ischemic heart disease (table S5).

For active control trials, there was a lack of benefit of
RASi regardless of systolic blood pressure at baseline
(Pinteraction>0.05; table S6). Of note, none of the trials

RASi better

compared with controls, there was a significant
increase in the risk of drug withdrawal due to adverse
effects with angiotensin converting enzyme inhibitors
(1.57, 1.25 to 1.99) but not with angiotensin receptor
blockers (0.66, 0.34 to 1.28; Pinteraction<0.001; fig S8; table
S4). There was high statistical heterogeneity in the analysis (fig S8).
There was no significant small study effect in all the
analyses.

1.50

1.00

0.67

2.88

5

10

20

Control event rate per 1000 patient years (λc)

Fig 6 | Bayesian meta-regression analysis of the influence
of baseline risk (control event rate) on the effect size of
RASi versus placebo on myocardial infarction
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Trials

Control

Rate ratio
(95% CI)

Placebo
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(%)

Rate ratio
(95% CI)

CAMELOT

8/673

12/655

2.81

0.65 (0.27 to 1.59)

EUROPA

98/6110

102/6108

13.34

0.96 (0.73 to 1.27)

HOPE

156/4645

226/4652

16.33

0.69 (0.56 to 0.85)

IMAGINE

15/1280

14/1273

3.98

1.07 (0.51 to 2.21)

PART-2

7/308

4/309

1.58

1.76 (0.51 to 6.00)

PEACE

71/4158

92/4132

12.15

0.77 (0.56 to 1.05)

PRACTICAL

1/150

0/75

0.25

1.50 (0.06 to 36.82)
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1/878
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0.33

0.99 (0.06 to 15.88)
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0.22 (0.05 to 1.04)
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CARP
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3.37 (0.35 to 32.37)
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D+L subtotal: P=0.290, I2=18.4%

1.1 (0.93 to 1.31)
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Fig 7 | Forest plot showing effect of of renin angiotensin system inhibitors (RASi) versus placebo or active controls on
stroke in patients with stable coronary artery disease without heart failure. CHD=coronary heart disease

comparing RASi versus active controls enrolled patients
with recent myocardial infarction. There was no statistically significant difference between angiotensin converting enzyme inhibitors versus active controls or
angiotensin receptor blockers versus active controls for
any of the efficacy outcomes (table S7). Angiotensin
converting enzyme inhibitors were associated with an
increase in angina when compared with active controls
but only in the fixed effect model, not in the random
effects model (table S7).

Discussion
This analysis of patients with stable coronary artery disease and without heart failure included data from
198 275 patient years of follow-up from randomized trials. Although RASi reduced the risk of cardiovascular
events (including all cause mortality) when compared
with placebo, no such benefit was seen when compared
with active controls. Moreover, even among the RASi
versus placebo trials, the beneficial effect of RASi was
restricted to trials with higher baseline risk but not in
those with lower baseline risk.
RASi for patients with stable coronary artery
disease without heart failure
In 2000, the landmark HOPE trial showed an impressive
22% reduction in the primary composite outcome, and
the bmj | BMJ 2017;356:j4 | doi: 10.1136/bmj.j4

reductions in death (16%), cardiovascular death (26%),
myocardial infarction (20%), stroke (32%), and heart
failure (23%) with RASi (ramipril) when compared with
placebo in 9297 high risk patients.1 Three years later,
the EUROPA trial showed a similar benefit with RASi
(perindopril), with a 20% reduction in the primary composite endpoint and 22% reduction in myocardial
infarction when compared with placebo in 12 218
patients with stable coronary artery disease and no
apparent heart failure.2
However, other trials subsequently failed to show a
similar benefit. In the PEACE trial (2004) of 4158
patients with stable coronary artery disease and normal
or slightly reduced left ventricular function, RASi (perindopril) was no better than placebo at reducing cardiovascular events.4 Similarly, in the QUIET trial (2001) of
patients after coronary angioplasty but without systolic
left ventricular dysfunction, no benefit of RASi
(quinapril) was seen when compared with placebo.5 In
CAMELOT, the calcium antagonist amlodipine reduced
adverse cardiovascular events in patients with coronary
artery disease and normal blood pressure, whereas
RASi (enalapril), despite a similar blood pressure
reduction, was no better than placebo.6 Finally, no benefit with RASi (quinapril) over placebo was seen in the
IMAGINE trial (2008) of patients after bypass graft
surgery.7
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RASi

Trials

Control

Rate ratio
(95% CI)

Placebo

Weight
(%)

Rate ratio
(95% CI)

APRES

34/80

30/79

2.65

1.12 (0.69 to 1.83)

CAMELOT

86/673

84/655

5.53

1.00 (0.74 to 1.35)

CATS

34/149

53/149

3.28

0.64 (0.42 to 0.99)

EUROPA

342/6110

367/6108

11.02

0.93 (0.80 to 1.08)

HOPE

1263/4645 1394/4652

14.31

0.91 (0.84 to 0.98)
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1.26 (0.93 to 1.70)

Kondo et al
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QUIET
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1.15 (0.77 to 1.71)
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40/229
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10.03
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70.80
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JMIC-B

56/822

50/828

3.96

1.13 (0.77 to 1.65)

OLIVUS

6/126

13/121

0.78

0.44 (0.17 to 1.17)

29.20

1.07 (0.85 to 1.35)

ALLHAT (CHD subgroup)
CAMELOT
HIJ-CREATE

D+L subtotal: P=0.015, I2=67.7%

1.07 (0.96 to 1.18)

I-V subtotal
D+L overall: P=0.011, I2=49.4%

100.00 1.01 (0.92 to 1.10)
0.97 (0.92 to 1.02)

I-V overall
Pinteraction (placebo v active)= 0.03

0.01

0.1

Favors
RASi

1

10

100
Favors
control

Fig 8 | Forest plot showing effect of renin angiotensin system inhibitors (RASi) versus placebo or active controls on angina
pectoris in patients with stable coronary artery disease without heart failure. CHD=coronary heart disease

The lack of benefit in later trials could be due to
lower event rate in these trials than those in the HOPE/
EUROPA trials, owing to increased use of revascularization and lipid lowering treatment. However, the
2012 ACCF/AHA guidelines continue to give a class I
recommendations for RASi use in patients with stable
coronary artery disease regardless of revascularization
status or lipid lowering treatment therapy use in
patients who also have hypertension, diabetes, LVEF
of 40% or less, or chronic kidney disease and a class
IIa recommendation for those with stable coronary
artery disease and other vascular disease. We therefore explored the question as to the strength of the evidence to support RASi use in patients with coronary
artery disease without heart failure. In addition, given
the availability of other agents such as diuretics, β
blockers and calcium channel blockers, we specifically explored RASi use compared with active controls.
Our analysis with data from about 200 000 patient
years of follow-up offers some insights:
• RASi reduced the risk of cardiovascular events and all
cause mortality when compared with placebo, similar
to the results seen in HOPE and EUROPA. However,
even in the placebo controlled trials, Bayesian
meta-regression analysis showed that the baseline
risk (as measured by control event rate) explained the
8

•

•

•

•

heterogeneity of treatment effect such that RASi was
only beneficial in trials with a higher baseline risk and
not those with a lower baseline risk. Our results are
consistent with the negative trials such as the QUIET,
PEACE, CAMELOT, and IMAGINE trials.4-7 Thus the
universal endorsement of RASi for all patients with
stable coronary artery disease is not supported by
even placebo controlled trials, and might apply only
to patients with higher baseline risk.
RASi did not reduce the risk of cardiovascular events
or mortality when compared with active controls.
With 14 220 patients and 45 504 patient years of follow-up, the trial sequential analysis showed that the
lack of superiority of RASi over active controls was
not due to trials being underpowered, because the
analyses (for mortality, cardiovascular mortality, and
myocardial infarction) had more than 90% power to
show a 15-20% reduction in endpoints with RASi.
Results were consistent between trials of angiotensin
converting enzyme inhibitors and those of angiotensin
receptor blockers when compared with active controls.
There was no outcome for which a higher percentage
of participants with either enrolled hypertension or
diabetes conferred a statistically significant advantage of RASi over active controls.
RASi showed a consistent reduction in incident diabetes when compared with placebo or active controls.
doi: 10.1136/bmj.j4 | BMJ 2017;356:j4 | the bmj
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Cai et al
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Fig 9 | Forest plot showing effect of renin angiotensin system inhibitors (RASi) versus placebo or active controls on heart
failure in patients with stable coronary artery disease without heart failure on trial entry

Other meta-analysis in patients with hypertension have
shown that RASi reduces the risk of new onset diabetes
compared with other antihypertensive drugs.21
• Among RASi, angiotensin converting enzyme inhibitors had a higher withdrawal rate due to adverse
events than controls, whereas angiotensin receptor
blockers did not.
The lack of advantage of RASi over active controls for
cardiovascular events could be due to three reasons.
Firstly, the active controls are as good as RASi, and the
effect is mediated mainly by a reduction in blood pressure. Secondly, the enrolled cohort (unlike patients
with heart failure or renovascular hypertension) might
not have had an activated renin-angiotensin-aldosterone system, resulting in less benefit. And finally, in this
cohort, the renin-angiotensin-aldosterone system could
have had a role in delaying the chronic process of atherogenesis and the benefit might not have been apparent during the short follow-up in these trials.
Therefore, our findings have important implications
for clinical practice; they do not support the broad use
of RASi for all patients with stable ischemic heart
disease as has been recommended by current guidelines. The class I recommendation for patients with
the bmj | BMJ 2017;356:j4 | doi: 10.1136/bmj.j4

s table coronary artery disease and either diabetes or
hypertension is not fully supported by the data in that
the outcomes were similar to active comparators. Even
among placebo controlled trials, RASi was no better
than placebo in trials with lower baseline risk. This lack
of benefit could have implications for patients with stable coronary artery disease with aggressive management of risk factors such as hypertension and
hypercholesterolemia (with high intensity statins) and
consequent lower baseline residual risk.
However, the current study did not evaluate other
class I indications for RASi such as in patients with
LVEF of 40% or less (where there is evidence of significant benefit of RASi) or in those with chronic kidney
disease. Similarly, the class IIa recommendation for
patients with stable coronary artery disease and other
vascular diseases is also not fully supported by the data
in that the outcomes were similar to active comparators.
This begs the question as to the evidence to support the
preferential recommendation for RASi for this indication. Similar results were seen in an analysis from the
Reduction of Atherothrombosis for Continued Health
(REACH) registry, where the use of angiotensin
converting enzyme inhibitors or angiotensin receptor
blockers was not associated with better outcomes in
9
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20 909 outpatients with stable coronary artery disease
and free of clinical heart failure at baseline.22

Study limitations
This meta-analysis had trial level data and hence we
were unable to control for between trial differences. Not
all trials had data on ejection fraction for all patients.
Although many trials included patients based on an
ejection fraction threshold, others based their inclusion
on absence of clinical heart failure or an ejection fraction threshold. These results do not apply to cohorts not
included in the present study, such as those with heart
failure and chronic kidney disease. Not all of the trials
reported each of the outcomes tested. Moreover, the
active comparators were mainly calcium antagonists,
and the results should not be extrapolated to other
drugs not tested in the included trials.
Conclusions
In patients with stable coronary artery disease without
heart failure, the current body of evidence from randomized trials shows a significant benefit of RASi for
the reduction of cardiovascular events and all cause
mortality only in comparison with placebo but not with
active controls. Moreover, even among the placebo controlled trials, the benefit of RASi was only seen in trials
with high baseline risk and not in those with low baseline risk. Therefore, the blanket recommendation to use
RASi for all patients with coronary artery disease is not
supported by evidence.
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