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Effects of angiotensin converting enzyme inhibitors and
angiotensin II receptor antagonists on mortality and renal
outcomes in diabetic nephropathy: systematic review
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Abstract
Objective To evaluate the effects of angiotensin
converting enzyme (ACE) inhibitors and angiotensin
II receptor antagonists (AIIRAs) on renal outcomes
and all cause mortality in patients with diabetic
nephropathy.
Data sources Medline, Embase, the Cochrane
controlled trials register, conference proceedings, and
contact with investigators.
Study selection Trials comparing ACE inhibitors or
AIIRAs with placebo or with each other in patients
with diabetic nephropathy.
Data extraction Mortality, renal outcomes (end stage
renal disease, doubling of serum creatinine
concentration, prevention of progression of
microalbuminuria to macroalbuminuria, remission of
microalbuminuria), and quality of trials.
Data synthesis 36 of 43 identified trials compared
ACE inhibitors with placebo (4008 patients), four
compared AIIRAs with placebo (3331 patients), and
three compared ACE inhibitors with AIIRAs (206
patients). We obtained unpublished data for 11 trials.
ACE inhibitors significantly reduced all cause
mortality (relative risk 0.79, 95% confidence interval
0.63 to 0.99) compared with placebo but AIIRAs did
not (0.99, 0.85 to 1.17), although baseline mortality
was similar in the trials. Both agents had similar
effects on renal outcomes. Reliable estimates of the
unconfounded relative effects of ACE inhibitors
compared with AIIRAs could not be obtained owing
to small sample sizes.
Conclusion Although the survival benefits of ACE
inhibitors for patients with diabetic nephropathy are
known, the relative effects of ACE inhibitors and
AIIRAs on survival are unknown owing to the lack of
adequate head to head trials.

Introduction
Large randomised controlled trials have shown that
angiotensin converting enzyme (ACE) inhibitors and
angiotensin II receptor antagonists (AIIRAs) delay the
progression of diabetic nephropathy by slowing the
deterioration of renal function and reducing proteinu-
ria. For this reason they are the most widely used
agents in patients with diabetic nephropathy.1–5

Nephropathy has been shown to be an
independent risk factor for early death due to
cardiovascular diseases in diabetic patients.6 Micro-
albuminuria is associated with a twofold to fourfold
increase in the risk of death, whereas overt proteinuria
and hypertension are associated with an even higher
risk when present together.

The Joint National Committee on Prevention,
Diagnosis and Management of Hypertension and the
American Diabetes Association recommend that
hypertensive and normotensive patients with diabetic
nephropathy should receive ACE inhibitors or AIIRAs
as first line treatment.7 8 We searched for evidence from
randomised controlled trials of the effects of ACE
inhibitors and AIIRAs on renal outcomes and mortal-
ity in patients with diabetic nephropathy.

Methods
We included randomised controlled trials of at least six
months duration in which ACE inhibitors or AIIRAs
were compared with placebo or no treatment or in
which the relative effects of the agents were compared
directly, in patients with diabetic nephropathy. Any
stage of diabetic nephropathy was included.

We searched Medline (1966-September 2003),
Embase (1988-September 2003), the Cochrane Renal
Group trial register, and the Cochrane central registry
of randomised controlled trials. See bmj.com for
search terms. Two authors (GFMS, MC) analysed the
titles and abstracts of identified trials according to the
inclusion criteria, searched the reference lists, and
sought information about unpublished or additional
trials.

Data extraction and quality assessment
GFMS and MC assessed each trial independently. They
extracted data on the characteristics of the participants,
interventions, comparisons, and outcomes (all cause
mortality, end stage renal disease, doubling of
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serum creatinine concentration, progression from
microalbuminuria to macroalbuminuria, regression
from microalbuminuria to normoalbuminuria, cough,
headache, hyperkalaemia, and impotence). Whenever
these were not reported, the authors were contacted at
least twice for the data.

We used standard criteria to assess the quality of
the trials. Differences were resolved by discussion.

Statistical analysis
We summarised the treatment effects as relative risks,
used random effects model to pool the data, and
examined heterogeneity of treatment effects between
studies. We used subgroup analysis and random effects
metaregression to explore the influence of possible
sources of heterogeneity on treatment effect (follow
up, type of diabetes, type of drug, presence or absence
of hypertension at baseline, stage of diabetic neph-
ropathy, and specific quality items).

For trials that did not compare ACE inhibitors with
AIIRAs directly, we computed indirect comparisons of
treatment effects on all outcomes by using the control
group as a common comparator (from trials that com-

pared the agents with placebo or with no treatment).
Analysis was performed as a metaregression using the
trial intervention as the explanatory variable.

Results
We identified 4723 articles, and after exclusions there
were 43 eligible randomised controlled trials (59 pub-
lications), which enrolled 7545 patients.w1-w59 We
obtained supplemental data from the authors of nine
trials or from publications relating to the primary trial.
(See bmj.com for table of study characteristics.)

ACE inhibitors compared with placebo
Of the 36 trials (4008 patients) comparing ACE inhibi-
tors with placebo, 20 enrolled patients with type 1 dia-
betes, 11 enrolled patients with type 2 diabetes, and five
enrolled mixed populations. Sixteen trials included
patients with hypertension at baseline. In 18 trials,
other antihypertensives were given to equalise blood
pressure in both groups and to minimise the
confounding effect of blood pressure. Twenty three tri-
als enrolled patients with microalbuminuria, eight

Angiotensin converting enzyme inhibitors

Bakris 1994w7

Bojestig 2001w9

Capek 1994w10

Chase 1993w12

Cordonnier 1999w13

Crepaldi 1998w14

Garg 1998w18

Katayama 2002w22

Mathiesen 1999w30

Phillips 1993w40

Ravid 1993w43

Romero 1993w47

Laffel 1995w23

Sano 1994 and 1996w48 w49

Bauer 1992w8

Nankervis 1998w35

Parving 1989w37 w38

Maschio 1996w29

Lewis 1993w25

Micro-HOPE 2000w33

Total (95% CI)

Test for heterogeneity: χ2=7.00, df=7, P=0.43, I 2=0%

Test for overall effect: z=2.01, P=0.04

Angiotensin II receptor antagonists

Muirhead 1999w55

Tan 2002w59

Parving 2001w38 w39 w58

Lewis 2001w57

Brenner 2001w56

Total (95% CI)

Test for heterogeneity: χ2=0.63, df=2, P=0.73, I 2=0%

Test for overall effect: z=0.07, P=0.95

0/8

0/37

0/9

0/6

0/9

0/32

0/7

0/104

0/19

0/14

0/49

0/13

1/70

1/31

1/18

0/17

1/15

2/6

8/207

90/553

1224

0/54

0/40

3/389

87/579

158/751

1813

Agent

0/7

0/18

0/6

0/9

0/10

0/34

0/4

0/27

0/21

0/11

0/45

0/13

0/73

0/31

0/15

3/14

1/17

1/15

14/202

122/587

1159

0/24

0/40

1/201

93/569

155/762

1596

0.2 5
Favours agent Favours placebo

or no treatment

0.5 1 2

Placebo or no treatment

0.53

0.54

0.55

0.65

0.75

1.10

7.48

88.41

100.00

0.49

34.90

64.60

100.00

Weight
(%)

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

3.13 (0.13 to 75.49)

3.00 (0.13 to 70.92)

2.53 (0.11 to 57.83)

0.12 (0.01 to 2.13)

1.13 (0.08 to 16.59)

5.00 (0.55 to 45.39)

0.56 (0.24 to 1.30)

0.78 (0.61 to 1.00)

0.79 (0.63 to 0.99)

Not estimable

Not estimable

1.55 (0.16 to 14.81)

0.92 (0.70 to 1.20)

1.03 (0.85 to 1.26)

0.99 (0.85 to 1.17)

Relative risk
(random) 95% CI

Relative risk
(random) 95% CI

All cause mortality

No of patients with event/total No of patients

Effect of angiotensin converting enzyme inhibitors or angiotensin II receptor antagonists compared with placebo or no treatment on overall
mortality

Primary care

829BMJ VOLUME 329 9 OCTOBER 2004 bmj.com



enrolled patients with macroalbuminuria, and five
enrolled mixed populations. Three trials also enrolled
a few patients with normoalbuminuria.w2 w16 w53

AIIRAs compared with placebo
The four trials (3331 patients) that compared AIIRAs
with placebo enrolled hypertensive patients with type 2
diabetes. Antihypertensive cointerventions were given
in all four trials. Two trials enrolled patients with
microalbuminuria and the other two trials enrolled
patients with macroalbuminuria.

ACE inhibitors compared with AIIRAs
The three trials (206 patients) that compared ACE
inhibitors with AIIRAs enrolled microalbuminuric
patients with type 2 diabetes. Two trials enrolled hyper-
tensive patients and one trial enrolled normotensive
participants. Antihypertensive cointerventions were
given in two trials.

Study quality
Trial quality was variable. Allocation concealment was
unclear in 36 (84%) trials, inadequate in one (2%) trial,
and adequate in six (14%) trials. Blinding occurred in
the participants in 33 (77%) trials, investigators in 29
(66%) trials, and outcome assessors in four (9%) trials.
Thirteen (30%) trials used an intention to treat analysis.
Between 0% and 20% of patients were lost to follow up
in 40 (93%) trials and between 21% and 40% were lost
to follow up in three (7%) trials.

All cause mortality and renal outcomes
In 20 trials (2838 patients), all cause mortality was
lower with ACE inhibitors than with placebo or no
treatment (relative risk 0.79, 95% confidence interval
0.63 to 0.99; figure). This analysis was dominated by
two trials, which contributed 88.4% and 7.5% of the
weight to the summary estimate.w25 w33

No statistically significant reduction in all cause
mortality was found in the four trials (3329 patients) of
AIIRAs compared with placebo or no treatment (rela-
tive risk 0.99, 0.85 to 1.17). This analysis was dominated
by two trials, which contributed 64.6% and 34.9% of
the weight to the summary estimate.w56 w57

Nine of the trials (1907 patients) comparing ACE
inhibitors with placebo showed weak evidence for a
reduced risk of end stage renal disease (relative risk
0.64, 0.40 to 1.03), and eight of the trials (1868
patients) showed weak evidence for a doubling of
serum creatinine concentration (0.60, 0.34 to 1.05). In
16 trials (2010 patients) ACE inhibitors significantly
reduced the risk of progression from microalbuminu-
ria to macroalbuminuria (0.45, 0.28 to 0.71), and in 15
trials (1888 patients) ACE inhibitors significantly
increased the rate of regression from microalbuminu-
ria to normoalbuminuria (3.42, 1.95 to 5.99).

Three trials (3251 patients) comparing AIIRAs
with placebo or no treatment showed a significantly
reduced risk of end stage renal disease (relative risk
0.78, 0.67 to 0.91) and doubling of serum creatinine
concentration (0.79, 0.67 to 0.93). AIIRAs also
significantly decreased the risk of progression from
microalbuminuria to macroalbuminuria (three trials,
761 patients; 0.49, 0.32 to 0.75) and increased the rate
of regression from microalbuminuria to normoalbu-
minuria (two trials, 670 patients; 1.42, 1.05 to 1.93).

ACE inhibitors compared with AIIRAs
The three trials that compared ACE inhibitors with
AIIRAs did not report on all cause mortality, end stage
renal disease, and doubling of serum creatinine
concentration, and we were unable to obtain these data
from the authors. Progression from microalbuminuria
to macroalbuminuria was reported in one trial (92
patients) and there was no significant difference in risk,
with the point estimate favouring ACE inhibitors (rela-
tive risk 0.16, 0.02 to 1.44).w53 Regression from
microalbuminuria to normoalbuminuria in one trial
showed a non-significant difference in the risk.w54

Indirect comparison of treatment effects
Regression analysis of treatment effects of ACE inhibi-
tors compared with AIIRAs using active treatment as
the explanatory variable showed no significant
difference between these two agents for the risk of any
outcome (death: relative risk 0.79, 0.60 to 1.05; end
stage renal disease: 0.82, 0.50 to 1.36; doubling of
serum creatinine concentration: 0.83, 0.58 to 1.20; pro-
gression from microabluminuria to macroalbuminu-
ria: 1.14, 0.31 to 4.22; regression from microalbuminu-
ria to normoalbuminuria: 0.76, 0.56 to 1.05).

The ACEI and AIIRA trials had potentially impor-
tant differences in study design, particularly the two
pairs of trials that dominate the summary estimates of
effects (see bmj.com).

Side effects and investigations for sources of
heterogeneity
Reports of side effects were few in the smaller trials.
See bmj.com for summary estimates of the effects of
ACE inhibitors and AIIRAs on cough, hyperkalaemia,
headache, and impotence. We found no significant
heterogeneity across all trials.

Metaregression and subgroup analyses were possi-
ble only in trials comparing ACE inhibitors with
placebo or no treatment, given the small number of
trials evaluating AIIRAs. We found no evidence that
the effect of ACE inhibitors on all cause mortality var-
ied according to type of diabetes, presence or absence
of hypertension, or microalbuminuria compared with
macroalbuminuria at baseline. Differences in the risk
of other outcomes according to type of diabetes,
hypertension, and study design are all explained by the
results of the micro-HOPE trial.1 When we excluded
this trial from our analyses, results were homogeneous
for all outcomes (see bmj.com).

Discussion
Trials have shown a survival benefit with angiotensin
converting enzyme (ACE) inhibitors but not with
angiotensin II receptor antagonists (AIIRAs), in patients
with diabetic nephropathy. Both agents prevent progres-
sion of nephropathy and promote regression to
normoalbuminuria. The relative survival advantage of
one class of antihypertensives over the other in this
population is, however, still unknown because only indi-
rect comparisons based on small studies are available.

Three potential explanations for these apparent
different effects between the two classes of antihyper-
tensives are chance, confounding, and true differences.
The usual 5% level for statistical significance was
reached for all renal outcomes for AIIRAs, compared
with ACE inhibitors, where this threshold was reached
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for the prevention of progression from microalbu-
minuria to macroalbuminuria, and regression of
microalbuminuria to normoalbuminuria, but not end
stage renal disease or doubling of serum creatinine
concentration. The point estimates of effect for all
renal outcomes favoured ACE inhibitors compared
with AIIRAs, but there was considerable imprecision
surrounding these summary point estimates for ACE
inhibitors. For all cause mortality, the absence of
benefit shown by AIIRAs is unlikely to be due to
chance alone because the summary point estimate is
close to unity and the 95% confidence intervals are
relatively narrow. Formal tests of differences in ACE
inhibitors and AIIRAs did not show any differences in
the risk of the outcomes beyond those expected by
chance. The design and conduct of the ACEI and
AIIRA trials have clear differences, which may explain
apparent differences in results.

Our findings are consistent with others, especially
large meta-analyses in patients with congestive heart
failure, which showed a significant reduction in the risk
of all cause mortality with ACE inhibitors compared
with placebo but not for AIIRAs.9 10 The main
difference with our study compared to other studies in
patients with diabetic nephropathy is that we included
both ACEI and AIIRA trials, obtained additional data
from the authors when possible, and evaluated all out-
comes of interest, including all cause mortality, and not
simply the traditional renal outcomes.

The major limitation of our study is the indirect
nature of the comparison between ACE inhibitors and
AIIRAs, by using placebo as a common comparator.
Other limitations include the small number and subop-
timal quality of included trials and the potential for pub-
lication bias. These issues are unlikely to be influential as
the review is dominated by a few larger studies.

A possible biological rationale for the benefit of
ACE inhibitors but not of AIIRAs on all cause mortal-
ity could be that bradykinin antagonism occurs with
ACE inhibitors but not with AIIRAs. Although little
data exist in experimental renal models, information is
available from cardiac models.11

The role of ACE inhibitors in the management of
patients with diabetic nephropathy is well established.

Recently, equivalence of the newer and more expensive
class of antihypertensive agents, AIIRAs, has been
widely advocated—the Joint National Committee on
Prevention, Diagnosis and Management of Hyperten-
sion and the American Diabetic Association guidelines
suggest that ACE inhibitors and AIIRAs can be used
interchangeably—and accepted in current practice.
Our study shows that the relative effects of ACE
inhibitors and AIIRAs are uncertain. Thus, outside of a
comparative randomised controlled trial, the class of
agent with proved survival benefit, ACE inhibitors,
should be used as first line treatment. True differences
in the relative effects of ACE inhibitors and AIIRAs can
only be established by adequately powered trials that
directly compare the two agents.
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What is already known on this topic

Diabetic nephropathy is managed by angiotensin
converting enzyme (ACE) inhibitors and
angiotensin II receptor antagonists (AIIRAs)

ACE inhibitors and AIIRAs may be used
interchangeably

What this study adds

Evidence exists that ACE inhibitors prevent early
death in patients with diabetic nephropathy, but
there is no such evidence for AIIRAs

The two classes of drugs have equivalent effects on
renal outcomes

The relative effects of ACE inhibitors and AIIRAs
on survival are unknown owing to the lack of
adequate head to head trials

Endpiece

Bad news
A virus is a piece of bad news wrapped in protein.

Peter Medawar (1915-87), Nobel prize winner

Fred Charatan retired geriatric physician, Florida
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