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Abstract
Purpose This study aimed to evaluate the effect  f angiotensin-converting enzyme inhibitors (ACEI) and angiotensin receptor 
blockers (ARB) on renal or cardiovascular outcomes in patients with diabetic nephropathy (DN).
Methods PubMed, Embase, and Cochrane Library were searched for randomized controlled trials (RCTs) evaluating the 
treatment effects of ACEI and ARB on renal or cardiovascular outcomes in patients with DN until August 2017. The outcomes 
included end-stage renal disease (ESRD), doubling of serum creatinine levels, all-cause mortality, major cardiovascular 
events (MACEs), myocardial infarction (MI), stroke, and cardiac death. Relative risks (RR) with 95% confidence intervals 
(CIs) were used for calculating the summary results using a random-effects model.
Results Twenty-four RCTs including 57,818 patients with DN and 891 events of ESRD, 1050 doubling of serum creati-
nine concentration, 4352 all-cause mortality, 6342 MACEs, 1073 MI, 2900 stroke, and 1674 cardiac deaths were reported. 
Overall, the summary results suggested that in patients with DN, receiving ACEI did not have a significant effect on ESRD, 
doubling of serum creatinine levels, all-cause mortality, MI, stroke, and cardiac death, while ACEI significantly reduced the 
risk of total MACEs. Furthermore, ARB therapy was associated with a low risk of ESRD and doubling of serum creatinine 
levels, while it did not differ significantly on all-cause mortality, MACEs, MI, stroke, and cardiac death in patients with DN.
Conclusions Patients with DN receiving ACEI had significantly reduced the risk of total MACEs, and ARB could reduce 
the incidence of ESRD and the doubling of serum creatinine levels.

Keywords Diabetic nephropathy · ACEI · ARB · Meta-analysis

Introduction

Diabetes mellitus (DM) is a major global health concern 
with an estimated 463 million patients worldwide in 2019 
and projected to reach 700 million by 2045, according to The 

International Diabetes Federation (IDF) [1, 2]. Previous tri-
als have demonstrated that patients with DM are associated 
with an increased risk of vascular complications and cardiac 
death compared with the general population [3]. In addi-
tion, DM is associated with microalbuminuria and diabetic 
nephropathy (DN), which is the leading cause of end-stage 
renal disease (ESRD) [3, 4]. Furthermore, the main goal 
of management in patients with DM is the prevention of 
vascular complications; thus, treatments that can lower the 
blood pressure should be used since hypertension is associ-
ated with the risk of macrovascular events [3].

Renin–angiotensin system blockers, including angioten-
sin-converting enzyme inhibitors (ACEI) or angiotensin 
receptor blockers (ARB), are widely used as the first line of 
treatment for microalbuminuria in patients with DM, which 
could decelerate the progression of DN in hypertensive 
patients [5, 6]. Previous studies demonstrated the effect of 
ACEI and ARB therapies in hypertensive patients, while 
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the treatment effect in patients with DM yet remains contro-
versial [7, 8]. Therefore, elucidating the treatment effects of 
ACEI and ARB on renal or cardiovascular outcomes is cru-
cial in patients with DN. The effects of ACEI/ARB treatment 
in patients with DN has been studied in several randomized 
controlled trials (RCTs). In this study, we summarized the 
available RCTs to determine the effect of ACEI/ARB ther-
apy on the incidence of renal and cardiovascular outcomes 
in patients with DN. In addition, we compared the treatment 
effects among patients with different characteristics.

Methods

Data sources, search strategy, and selection criteria

This review was conducted and reported according to the 
preferred reporting items for systematic reviews and meta-
analysis (PRISMA) Statement issued in 2009 (Checklist S1) 
[9].

Any RCTs that examined the effect of ACEI and ARB 
on renal and cardiovascular outcomes were eligible for 
inclusion in the present study without regarding language 
or publication status (published, in press, or in progress). 
We searched the PubMed, Embase, and Cochrane Library 
electronic databases for articles published through August 
2017 and used (“ACEIs” OR “captopril” OR “enalapril” OR 
“cilazapril” OR “enalaprilat” OR “fosinopril” OR “lisino-
pril” OR “perindopril” OR “ramipril” OR “saralasin” OR 
“angiotensin-receptor antagonists” OR “ARBs” OR “losar-
tan” OR “irbesartan” OR “valsartan” OR “olmesartan” OR 
“candesartan” OR “eprosartan” OR “telmisartan”) AND 
(“diabetes” OR “DM” OR “diabetic nephropathy” OR 
“DN”) AND “randomized controlled trials” AND “human” 
as the search terms. The ongoing RCTs, which have already 
been registered as completed but not yet published in https ://
www.Clini calTr ials.gov, were also searched. In addition, we 
conducted manual searches of the reference lists from all rel-
evant original and review articles to identify the additional 
eligible studies. The study topic, methods, patient disease 
status, study design, intervention, control, and investigated 
outcomes were used to identify the relevant studies.

The literature search was independently undertaken by 
two authors using a standardized approach. Any inconsist-
encies between these two authors were settled by group 
discussion to achieve a consensus. The studies that ful-
filled the following criteria were eligible for inclusion: 
(1) the study was a randomized controlled trial; (2) all 
the included patients had DN; (3) the study investigated 
the effect of ACEI or ARB therapy in comparison to the 
treatment regimens without ACEI and ARB; (4) the study 
reported at least one of the following outcomes: ESRD, 
doubling of serum creatinine concentration, all-cause 

mortality, major cardiovascular events (MACEs), myocar-
dial infarction (MI), stroke, and cardiac death. If multiple 
studies from the same populations were identified, only the 
most complete publication was included.

Data collection and quality assessment

The data extraction and quality assessment were con-
ducted independently by two authors. The information 
was examined and adjudicated independently by an addi-
tional author referring to the original studies. The data 
collected included the first author or the name of the study 
group, publication year, country, sample size, mean age, 
percentage of male, body mass index (BMI), HbA1c, DM 
types, diabetes duration, mean systolic blood pressure 
(SBP), mean diastolic blood pressure (DBP), intervention, 
control, and follow-up duration. The quality of the study 
was assessed by the Jadad scale, based on randomization, 
concealment of treatment allocation, blinding, complete-
ness of follow-up, and the use of intention-to-treat analy-
sis [10]. A “star system” (range 0–5) was developed for 
assessment. A study with a score ≥ 4 was regarded as high 
quality.

Statistical analysis

We examined the effect of ACEI or ARB on the risk of renal 
and cardiovascular outcomes based on the number of events 
and sample size in each group published in each trial. We 
used the random-effects model to calculate the summary 
RRs and 95% confidence intervals (CIs) for ACEI or ARB 
vs. patients without ACEI/ARB therapy on the risk of renal 
or cardiovascular outcomes, which speculated that the true 
underlying effect varied among the included trials [11, 12]. 
Heterogeneity between studies was investigated by the Q 
statistic, and P < 0.10 was considered as significant hetero-
geneity [13, 14]. Subgroup analyses were conducted on the 
basis of mean age (≥ 60.0 and < 60.0 years), percentage male 
(≥ 60.0% and < 60.0%), BMI (≥ 25.0 and < 25.0 kg/m2), 
HbA1c (≥ 8.0% and < 8.0%), DM types (I and II), duration 
of DM (≥ 10.0 and < 10.0 years), and follow-up duration 
(≥ 3.0 and < 3.0 years). The ratio between the subgroups was 
calculated by the chi-square test and meta-regression [15]. 
A sensitivity analysis was performed by removing the stud-
ies individually from the meta-analysis [16]. The Egger test 
[17] and the Begg test [18] were used to assess the publica-
tion bias statistically. All reported P values were two sided, 
and P values < 0.05 were considered statistically significant. 
The statistical analyses were performed using the STATA 
software (version 10.0; Stata Corporation, College Station, 
TX, USA).

https://www.ClinicalTrials.gov
https://www.ClinicalTrials.gov
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Results

Literature search

The results of the study-selection process are shown in 
Fig. 1. We identified 2388 articles initially, of which, 2301 
were excluded as duplicates, irrelevant studies, and other 
study designs. A total of 87 potentially eligible studies were 
retrieved, and after a detailed evaluation, 27 were excluded 
as the patients originated from the same population, 21 were 
excluded as the trial did not report the events of investiga-
tion, and 15 studies were excluded due to no appropriate 
controls. Finally, 24 RCTs were selected for the final meta-
analysis [19-42]. A manual search of the reference lists of 
these studies did not yield any additional eligible studies. 
The general characteristics of the included studies are pre-
sented in Table 1 and Supplemental Table S1.

Study characteristics

The 24 included trials included a total of 57,818 patients 
with DN. The follow-up duration for the patients with DN 
was 1.0–5.0 years, while 32–11,140 patients were included 
in each study. The mean age of the patients in the included 
trials ranged from 29.7 to 66.2 years, and the mean BMI 

ranged 22.6–34.6 kg/m2. Seven trials included patients with 
type 1 DM, 13 trials included patients with type 2 DM, and 
4 trials included both patients with type 1 and 2 DM. Ten 
trials investigated the risk of ESRD, 8 investigated the risk 
of doubling of serum creatinine levels, 21 reported the risk 
of all-cause mortality, 12 reported the risk of MACEs, 9 
reported the risk of MI, 10 reported the risk of stroke, and 8 
reported the risk of cardiac death. The quality of the studies 
was assessed using the Jadad scale, and six trials had a score 
of 5, fourteen presented a score of 4, three had a score of 3, 
and one had a score of 2.

End‑stage renal disease

The effect of ACEI on the risk of ESRD was studied in a 
total of 19,664 patients with DN; 216 events of ESRD were 
reported. No significant difference was observed between 
ACEI and control (RR 0.78; 95% CI 0.60–1.01; P = 0.063; 
with no evidence of heterogeneity, Fig. 2). According to 
the sensitivity analysis, we excluded the study conducted by 
the ADVANCE study group, which specifically used a large 
sample size and weight. Consequently, ACEI significantly 
reduced the risk of ESRD (RR 0.67; 95% CI 0.49–0.90; 
P = 0.008; Table 2; Supplemental 1: Table S1). The sub-
group analysis suggested that ACEI was associated with a 
low risk of ESRD if mean age < 60.0 years, percentage of 
male ≥ 60.0%, and follow-up duration < 3.0 years (Supple-
mental 2: Table S1).

Data for the effect of ARB on the risk of ESRD was col-
lected from a total of 3224 patients with DN; 675 events of 
ESRD were reported. Notably, ARB therapy was associ-
ated with a low risk of ESRD (RR 0.82; 95% CI 0.71–0.93; 
P = 0.003; with no evidence of heterogeneity, Fig. 2). The 
findings of the sensitivity analysis were variable due to the 
small number of trials included (Table 2; Supplemental 1: 
Table S1). The subgroup analysis indicated a noticeable sig-
nificant difference when the mean age ≥ 60.0 years, percent-
age of male ≥ 60.0%, BMI ≥ 25.0 kg/m2, HbA1c ≥ 8.0%, and 
type II DM (Supplemental 2: Table S1).

Doubling of serum creatinine levels

Data for the effect of ACEI on the risk of doubling of serum 
creatinine levels were collected from a total of 6686 patients 
with DN, and 235 events of doubling of serum creatinine 
concentration reported. ACEI did not exert a significant 
effect on doubling of serum creatinine levels (RR 0.69; 95% 
CI 0.44–1.08; P = 0.101; Fig. 3), and moderate heterogene-
ity was detected (I2 = 55.4%; P = 0.062). Sensitivity analysis 
suggested that after excluding the Micro-HOPE trial that 
included patients with higher HbA1c and both type 1 and 
2 DM, ACEI was associated with a low risk of doubling of 
serum creatinine concentration (RR 0.58; 95% CI 0.36–0.94; Fig. 1  Study selection process



962 Journal of Endocrinological Investigation (2020) 43:959–972

1 3

Ta
bl

e 
1 

 B
as

el
in

e 
ch

ar
ac

te
ris

tic
s o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
sy

ste
m

at
ic

 re
vi

ew
 a

nd
 m

et
a-

an
al

ys
is

St
ud

y
C

ou
nt

ry
Sa

m
pl

e 
si

ze
A

ge
Pe

rc
en

t-
ag

e 
m

al
e 

(%
)

B
M

I (
kg

/
m

2 )
H

bA
1c

 (%
)

D
M

 ty
pe

s
D

ia
be

te
s 

du
ra

tio
n 

(y
ea

rs
)

M
ea

n 
SB

P 
(m

m
 

H
g)

M
ea

n 
D

B
P 

(m
m

 
H

g)

In
te

rv
en

tio
n

C
on

tro
l

Fo
llo

w
-u

p 
du

ra
tio

n 
(y

ea
rs

)

Ja
da

d 
sc

al
e

Pa
rv

in
g 

19
89

 
[1

9]
D

en
m

ar
k

32
30

.9
71

.9
22

.6
9.

1
I

20
.0

12
7.

5
78

.5
C

ap
to

pr
il

U
nt

re
at

ed
1.

0
2

B
au

er
 1

99
2 

[2
0]

U
SA

33
50

.0
72

.7
N

A
9.

0
B

ot
h

17
.5

14
6.

3
82

.7
En

al
ap

ril
Pl

ac
eb

o
1.

5
3

R
av

id
 1

99
3 

[2
1]

Is
ra

el
94

44
.1

44
.7

24
.4

10
.4

II
6.

7
N

A
N

A
En

al
ap

ril
Pl

ac
eb

o
5.

0
4

Le
w

is
 1

99
3 

[2
2]

U
SA

40
9

34
.5

53
.0

N
A

11
.7

I
22

.0
13

8.
5

85
.5

C
ap

to
pr

il
Pl

ac
eb

o
3.

0
5

La
ffe

l 1
99

5 
[2

3]
U

SA
14

3
32

.7
50

.3
N

A
7.

8
I

18
.3

N
A

N
A

C
ap

to
pr

il
Pl

ac
eb

o
2.

0
4

M
as

ch
io

 1
99

6 
[2

4]
49

 h
os

pi
ta

ls
 

in
 E

ur
op

e
58

3
51

.0
72

.2
N

A
N

A
II

N
A

14
3.

0
87

.5
B

en
az

ep
ril

Pl
ac

eb
o

3.
0

4

Sa
no

 1
99

6 
[2

5]
Ja

pa
n

56
63

.2
N

A
23

.7
8.

1
II

12
.0

13
5.

3
73

.2
En

al
ap

ril
Pl

ac
eb

o
4.

0
3

N
an

ke
rv

is
 

19
98

 [2
6]

A
us

tra
lia

40
46

.0
80

.0
N

A
11

.2
B

ot
h

15
.0

14
1.

0
83

.0
Pe

rin
do

pr
il

Pl
ac

eb
o

3.
0

4

M
ic

ro
-H

O
PE

 
20

00
 [2

7]
C

an
ad

a
35

77
65

.4
63

.0
28

.8
11

.3
B

ot
h

11
.4

14
2.

0
79

.7
R

am
ip

ril
Pl

ac
eb

o
4.

5
4

K
at

ay
am

a 
20

02
 [2

8]
Ja

pa
n

79
33

.5
35

.4
N

A
8.

6
I

14
.4

12
7.

2
78

.0
C

ap
to

pr
il 

or
 

Im
id

ap
ril

Pl
ac

eb
o

1.
5

4

M
ar

re
 2

00
4 

[2
9]

16
 E

ur
o-

pe
an

 a
nd

 
no

rth
 

A
fr

ic
an

 
co

un
tri

es

49
12

65
.1

69
.9

29
.2

7.
8

II
9.

8
14

5.
4

82
.3

R
am

ip
ril

Pl
ac

eb
o

4.
0

5

A
D

VA
N

C
E 

20
07

 [3
0]

20
 c

ou
n-

tri
es

 fr
om

 
A

si
a,

 
A

us
-

tra
la

si
a,

 
Eu

ro
pe

, 
an

d 
N

or
th

 
A

m
er

ic
a

11
,1

40
66

.0
57

.5
28

.0
7.

5
II

8.
0

14
5.

0
81

.0
Pe

rin
do

pr
il

Pl
ac

eb
o

4.
3

5

M
au

er
 2

00
9 

[3
1]

U
SA

 a
nd

 
C

an
ad

a
28

5
29

.7
46

.3
25

.7
8.

5
I

11
.2

11
9.

6
70

.3
En

al
ap

ril
 o

r 
lo

sa
rta

n
Pl

ac
eb

o
5.

0
5

VA
 N
EP

H
RO

N
-

D
 2

01
3 

[3
2]

M
ul

tip
le

 
ce

nt
er

s 
w

or
ld

-
w

id
e

14
48

64
.6

99
.2

34
.6

7.
8

II
N

A
13

7.
0

72
.7

Li
si

no
pr

il
Pl

ac
eb

o
2.

2
5



963Journal of Endocrinological Investigation (2020) 43:959–972 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
C

ou
nt

ry
Sa

m
pl

e 
si

ze
A

ge
Pe

rc
en

t-
ag

e 
m

al
e 

(%
)

B
M

I (
kg

/
m

2 )
H

bA
1c

 (%
)

D
M

 ty
pe

s
D

ia
be

te
s 

du
ra

tio
n 

(y
ea

rs
)

M
ea

n 
SB

P 
(m

m
 

H
g)

M
ea

n 
D

B
P 

(m
m

 
H

g)

In
te

rv
en

tio
n

C
on

tro
l

Fo
llo

w
-u

p 
du

ra
tio

n 
(y

ea
rs

)

Ja
da

d 
sc

al
e

Pa
rv

in
g 

20
01

 
[3

3]
96

 c
en

te
rs

 
w

or
ld

-
w

id
e

59
0

58
.0

68
.5

30
.1

7.
2

II
9.

7
15

3.
0

90
.3

Ir
be

sa
rta

n
Pl

ac
eb

o
2.

0
4

Le
w

is
 2

00
1 

[3
4]

U
S

11
48

58
.8

68
.0

30
.8

8.
1

II
N

A
15

9.
0

87
.0

Ir
be

sa
rta

n
Pl

ac
eb

o
2.

5
4

B
re

nn
er

 2
00

1 
[3

5]
28

 c
ou

nt
rie

s 
in

 A
si

a,
 

Eu
ro

pe
, 

C
en

tra
l 

A
m

er
ic

a,
 

So
ut

h 
A

m
er

ic
a,

 
an

d 
N

or
th

 
A

m
er

ic
a

15
13

60
.0

63
.2

29
.5

8.
4

II
N

A
15

2.
5

82
.0

Lo
sa

rta
n

Pl
ac

eb
o

3.
4

4

PR
oF

ES
S 

20
08

 [3
6]

69
5 

ce
nt

er
s 

in
 3

5 
C

ou
nt

rie
s

20
,3

42
66

.2
64

.0
26

.8
N

A
B

ot
h

N
A

14
4.

2
83

.8
Te

lm
is

ar
ta

n
Pl

ac
eb

o
2.

5
4

D
IR

EC
T-

Pr
e-

ve
nt

 1
 2

00
8 

[3
7]

30
9 

ce
nt

er
s 

w
or

ld
-

w
id

e

14
21

29
.7

56
.7

23
.9

8.
1

I
6.

7
11

6.
0

72
.0

C
an

de
sa

r-
ta

n
Pl

ac
eb

o
4.

7
4

D
IR

EC
T-

Pr
o-

te
ct

 1
 2

00
8 

[3
8]

30
9 

ce
nt

er
s 

w
or

ld
-

w
id

e

19
05

31
.7

57
.3

24
.6

8.
5

I
11

.0
11

7.
0

73
.5

C
an

de
sa

r-
ta

n
Pl

ac
eb

o
4.

8
4

D
IR

EC
T-

Pr
o-

te
ct

 2
 2

00
8 

[3
9]

30
9 

ce
nt

er
s 

w
or

ld
-

w
id

e

19
05

56
.8

49
.8

29
.4

8.
2

II
8.

7
12

3.
0

75
.5

C
an

de
sa

r-
ta

n
Pl

ac
eb

o
4.

7
4

O
R

IE
N

T 
20

11
 

[4
0]

Ja
pa

n 
an

d 
H

on
g 

K
on

g

56
6

59
.2

69
.1

25
.3

7.
1

II
N

A
14

1.
2

77
.5

O
lm

es
ar

ta
n

Pl
ac

eb
o

3.
2

3

RO
A

D
M

A
P 

20
11

 [4
1]

19
 E

ur
o-

pe
an

 
co

un
tri

es

44
47

57
.7

46
.1

31
.0

7.
7

II
6.

1
13

6.
0

81
.0

O
lm

es
ar

ta
n

Pl
ac

eb
o

3.
2

5

Ya
m

as
hi

ta
 

20
13

 [4
2]

Ja
pa

n
11

50
62

.9
65

.6
25

.3
N

A
II

N
A

14
4.

7
81

.4
Va

ls
ar

ta
n

A
m

lo
di

pi
ne

3.
2

4

BM
I b

od
y 

m
as

s i
nd

ex
, D

M
 d

ia
be

te
s m

el
lit

us
, S
BP

 sy
sto

lic
 b

lo
od

 p
re

ss
ur

e,
 D
BP

 d
ia

sto
lic

 b
lo

od
 p

re
ss

ur
e



964 Journal of Endocrinological Investigation (2020) 43:959–972

1 3

P = 0.027; Table 2; Supplemental 1: Table S2). The sub-
group analysis indicated that ACEI therapy was associated 
with a low risk of doubling of serum creatinine levels when 
the mean age of patients was < 60.0 years, the male propor-
tion was < 60.0%, BMI < 25.0 kg/m2 and type 1 DM (Sup-
plemental 2: Table S2). The effect of ACEI on the doubling 
of serum creatinine levels in patients with high BMI was 
greater than those with low BMI (ratio between subgroups 
6.20; 95% CI 1.46–26.38).

The effect of ARB on the risk of doubling of serum cre-
atinine levels encompassed 3224 patients with DN, and 815 
events of doubling of serum creatinine levels were reported. 

The summary result indicated that ARB therapy significantly 
reduced the risk of doubling of serum creatinine levels (RR 
0.82; 95% CI 0.73–0.92; P = 0.001; Fig. 3), and slight het-
erogeneity was observed (I2 = 0.4%; P = 0.366). A sensitivity 
analysis was conducted, and after each study was sequen-
tially excluded from the pooled analysis, the conclusion was 
not affected (Table 2; Supplemental 1: Table S2). Subgroup 
analysis suggested that the treatment effect was significantly 
focused on patients with mean age < 60.0 years, proportion 
of males ≥ 60.0%, BMI ≥ 25.0 kg/m2, HbA1c ≥ 8.0%, type 
2 DM, and regarding of long or short follow-up duration 
periods (Supplemental 2: Table S2).

Fig. 2  Effect of ACEI on the 
risk of ESRD. Effect of ARB on 
the risk of ESRD

Table 2  Summary of the 
sensitivity analyses

Intervention Outcome RR and 95% CI P value Hetero-
geneity 
(%)

P value for 
heterogeneity

ACEI ESRD 0.78 (0.60–1.01) 0.063 0.0 0.455
ARB ESRD 0.82 (0.71–0.93) 0.003 0.0 0.464
ACEI Doubling of serum creatinine levels 0.69 (0.44–1.08) 0.101 55.4 0.062
ARB Doubling of serum creatinine levels 0.82 (0.73–0.92) 0.001 0.4 0.366
ACEI All-cause mortality 0.91 (0.78–1.06) 0.235 40.5 0.079
ARB All-cause mortality 1.03 (0.95–1.12) 0.459 0.0 0.868
ACEI Total MACEs 0.89 (0.81–0.98) 0.015 36.8 0.176
ARB Total MACEs 0.94 (0.89–1.00) 0.054 0.0 0.475
ACEI MI 0.89 (0.70–1.13) 0.341 41.9 0.160
ARB MI 0.98 (0.67–1.45) 0.926 35.4 0.185
ACEI Stroke 0.90 (0.78–1.05) 0.181 20.4 0.285
ARB Stroke 0.90 (0.78–1.05) 0.181 20.4 0.285
ACEI Cardiac death 0.82 (0.63–1.06) 0.127 79.5 0.008
ARB Cardiac death 1.28 (0.71–2.32) 0.416 67.6 0.015
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All‑cause mortality

The data for the effect of ACEI on the risk of all-cause 
mortality was collected from a total of 22,364 patients with 
DN, and 2143 events of all-cause mortality were reported. 
Overall, the ACEI therapy did not affect all-cause mortal-
ity significantly (RR 0.91; 95% CI 0.78–1.06; P = 0.235; 
Fig. 4). Although moderate heterogeneity was observed in 
the magnitude of the effect across the studies (I2 = 40.5%; 
P = 0.079), after the sequential exclusion of each study 
from the pooled analysis, the conclusion was not affected 
(Table 2; Supplemental 1: Table S3). The findings of the 
subgroup analysis indicated that ACEI therapy significantly 
reduced the risk of all-cause mortality if the percentage of 
males was < 60.0%, HbA1c ≥ 8.0%, and duration of DM 
was ≥ 10.0 years (Supplemental 2: Table S3). Furthermore, 
patients with DN and HbA1c ≥ 8.0% and who received ACEI 
presented a lower risk of all-cause mortality compared with 
those with HbA1c < 8.0% (ratio between subgroups 0.79; 
95% CI 0.63–0.99).

The effect of ARB on the risk of all-cause mortality was 
collected from a total of 34,967 patients with DN, and 2209 
events of all-cause mortality were reported. No significant 
difference was observed between ARB and control (RR 1.03; 
95% CI 0.95–1.12; P = 0.459; no evidence of heterogeneity, 
Fig. 4). Sensitivity analysis was conducted after the sequen-
tial exclusion of each trial from the pooled analysis; the con-
clusion was not affected by the exclusion of any specific trial 
(Table 2; Supplemental 1: Table S3). Furthermore, ARB 
therapy was not associated with the risk of all-cause mor-
tality in all predefined subsets (Supplemental 2: Table S3).

Major cardiovascular events

The effect of ACEI on the risk of total MACEs involved 
a total of 21,266 patients with DN, and 2680 MACEs 
were reported. We noted that ACEI therapy signifi-
cantly reduced the risk of total MACEs (RR 0.89; 95% 
CI 0.81–0.98; P = 0.015; Fig. 5), and mild heterogeneity 
was observed (I2 = 36.8%; P = 0.176). The findings of the 
sensitivity analysis were variable due to different statisti-
cal power (Table 2; Supplemental 1: Table S4). The sig-
nificant difference for ACEI occurred primarily in patients 
with mean age ≥ 60.0 years, percentage of male < 60.0%, 
BMI ≥ 25.0 kg/m2, HbA1c ≥ 8.0%, type 1 DM, duration of 
DM ≥ 10.0 years, and follow-up duration ≥ 3.0 years (Sup-
plemental 2: Table S4). Furthermore, the effect of ACEI in 
the HbA1c ≥ 8.0% (ratio between subgroups 0.84; 95% CI 
0.71–0.99) and type 1 DM (ratio between subgroups 0.84; 
95% CI 0.71–0.99) groups was lower than the corresponding 
comparison groups.

The data for the effect of ARB on the risk of total MACEs 
involved a cohort of 29,736 patients with DN, and 3662 
MACEs were reported. The results of the pooled analysis 
neither revealed any association between ARB therapy and 
total MACEs nor any evidence of heterogeneity (RR 0.94; 
95% CI 0.89–1.00; P = 0.054; Fig. 5). According to the sen-
sitivity analysis, we excluded the study by Mauer et al., as 
the trial specifically included type 1 DM and mean blood 
pressure was normalized. Consequently, we concluded that 
ARB significantly reduced the risk of total MACEs by 6% 
(RR 0.94; 95% CI 0.88–0.99; P = 0.031; Table 2; Supple-
mental 1: Table S4). The treatment effects were primarily 

Fig. 3  Effect of ACEI on 
doubling of serum creatinine 
concentration. Effect of ARB 
on doubling of serum creatinine 
concentration
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Fig. 4  Effect of ACEI on the risk of all-cause mortality. Effect of ARB on the risk of all-cause mortality

Fig. 5  Effect of ACEI on the 
risk of major cardiovascular 
events. Effect of ACEI on the 
risk of major cardiovascular 
events
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based on the percentage of males ≥ 60.0% (Supplemental 
2: Table S4).

Myocardial infarction

The data for the effect of ACEI on the risk of MI were col-
lected from 10,520 patients with DN, and 649 events of MI 
were reported. The summary RR showed that the ACEI 
therapy was not associated with MI (RR 0.89; 95% CI 
0.70–1.13; P = 0.341; Fig. 6), but moderate heterogeneity 
was seen (I2 = 41.9%; P = 0.160). After excluding the VA 
NEPHRON-D trial that included patients with high BMI 
and contributed high weight for the pooled analysis, ACEI 
was associated with a low risk of MI (RR 0.79; 95% CI 
0.67–0.93; P = 0.004; Table 2; Supplemental 1: Table S5). 
Subgroup analysis suggested that the ACEI therapy was 
associated with low risk of MI when HbA1c ≥ 8.0%, duration 
of DM ≥ 10.0 years, and follow-up duration of ≥ 3.0 years 
(Supplemental 2: Table S5). Furthermore, patients with long 
follow-up duration were associated with a beneficial effect 
on MI (ratio between subgroups 0.61; 95% CI 0.39–0.94).

The data for the effect of ARB on the risk of MI were 
collected from 28,397 patients with DN, and 424 events of 
MI were reported. No significant association was observed 
between ARB and MI (RR 0.98; 95% CI 0.67–1.45; 
P = 0.926; Fig. 6), and mild heterogeneity was observed in 
the magnitude of the effect across the studies (I2 = 35.4%; 
P = 0.185). After the sequential exclusion of each study 
from the pooled analyses, the conclusion was not changed 
(Table 2; Supplemental 1: Table S5), and no significant dif-
ference was observed according to the subgroup analysis 
(Supplemental 2: Table S5).

Stroke

The data for the effect of ACEI on the risk of stroke 
encompassed a total of 21,660 patients with DN, and 1048 
events of stroke were reported. We noted that ACEI had 
little or no effect on the risk of stroke (RR 0.90; 95% CI 
0.78–1.05; P = 0.181; Fig. 7), and mild heterogeneity was 
observed (I2 = 20.4%; P = 0.285). The findings of the sensi-
tivity analysis were in agreement with the overall analysis 
(Table 2; Supplemental 1: Table S6). Furthermore, the sub-
group analysis indicated that ACEI might exert a benefi-
cial effect on stroke when HbA1c ≥ 8.0% and duration of 
DM ≥ 10.0 years (Supplemental 2: Table S6). In addition, 
the beneficial effect of ACEI was large in HbA1c ≥ 8.0% 
(ratio between subgroups 0.71; 95% CI 0.52–0.97) and dura-
tion of DM ≥ 10.0 years (ratio between subgroups 0.71; 95% 
CI 0.52–0.97).

The effect of ARB on the risk of stroke was assessed 
on 28,397 patients with DN, and 1852 events of stroke 
were reported. The pooled analysis results did not reveal 
any association between ARB and stroke (RR 0.94; 95% CI 
0.86–1.02; P = 0.144; no evidence of heterogeneity; Fig. 7). 
The findings of the sensitivity analysis did not demonstrate 
a significant difference (Table 2; Supplemental 1: Table S6). 
Furthermore, the subgroup analysis also did not find any 
significant difference in all the predefined subsets (Supple-
mental 2: Table S6).

Cardiac death

The effect of ACEI on the risk of cardiac death was investi-
gated in 19,629 patients with DN, and 1106 events of cardiac 

Fig. 6  Effect of ACEI on the 
risk of myocardial infarction. 
Effect of ARB on the risk of 
myocardial infarction
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death were reported. ACEI was not found to affect the risk 
of cardiac death (RR 0.82; 95% CI 0.63–1.06; P = 0.127; 
Fig. 8); a potential evidence of significant heterogeneity was 
observed (I2 = 79.5%; P = 0.008). According to the sensitiv-
ity analysis, we excluded the study by Mauer et al., wherein 
ACEI significantly reduced the risk of cardiac death (RR 
0.73; 95% CI 0.57–0.94; P = 0.013; Table 2; Supplemental 
1: Table S7). Moreover, the subgroup analysis suggested that 
ACEI was associated with a low risk of cardiac death if the 

proportion of males was < 60.0%, HbA1c ≥ 8.0%, and the 
duration of DM ≥ 10.0 years (Supplemental 2: Table S7). 
The effect of ACEI on cardiac death in HbA1c ≥ 8.0% (ratio 
between subgroups 0.70; 95% CI 0.51–0.96) and the dura-
tion of DM ≥ 10.0 years (ratio between subgroups 0.70; 95% 
CI 0.51–0.96) were superior to the corresponding group.

Data for the effect of ARB on the risk of cardiac death 
involved a total of 28,397 patients with DN, and 568 events 
of cardiac death were reported. Although ARB therapy 

Fig. 7  Effect of ACEI on the 
risk of stroke. Effect of ARB on 
the risk of stroke

Fig. 8  Effect of ACEI on the 
risk of cardiac death. Effect 
of ARB on the risk of cardiac 
death
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increased the risk of cardiac death by 28%, it was not statis-
tically significant (RR 1.28; 95% CI 0.71–2.32; P = 0.416; 
Fig. 8). Although substantial heterogeneity was observed 
(I2 = 67.6%; P = 0.015), after the sequential exclusion of 
each study, the conclusion was not affected (Table 2; Sup-
plemental 1: Table S7). The subgroup analysis suggested 
that ARB significantly increased the risk of cardiac death 
if HbA1c < 8.0% (Supplemental 2: Table S7). Furthermore, 
ARB treatment greatly affected the cardiac death if included 
patients’ HbA1c ≥ 8.0% (ratio between subgroups 0.18; 95% 
CI 0.06–0.51).

Publication bias

The publication biases for the investigated outcomes are pre-
sented in Table 3. The results of the Egger and Begg tests did 
not demonstrate any evidence of publication bias for ESRD 
(PEgger [ACEI]: 0.906 and PBegg [ACEI]: 0.764; PEgger [ARB]: 
0.467 and PBegg [ARB]: 0.296), doubling of serum creatinine 
concentration (PEgger [ACEI]: 0.439 and PBegg [ACEI]: 0.806; 
PEgger [ARB]: 0.452 and PBegg [ARB]: 1.000), all-cause mortality 
(PEgger [ACEI]: 0.557 and PBegg [ACEI]: 0.755; PEgger [ARB]: 0.220 
and PBegg [ARB]: 0.371), MACEs (PEgger [ACEI]: 0.793 and 
PBegg [ACEI]: 1.000; PEgger [ARB]: 0.652 and PBegg [ARB]: 1.000), 
MI (PEgger [ACEI]: 0.556 and PBegg [ACEI]: 0.308; PEgger [ARB]: 
0.610 and PBegg [ARB]: 0.462), stroke (PEgger [ACEI]: 0.681 and 
PBegg [ACEI]: 0.462; PEgger [ARB]: 0.593 and PBegg [ARB]: 0.462), 
and cardiac death (PEgger [ACEI]: 0.680 and PBegg [ACEI]: 1.000; 
PEgger [ARB]: 0.204 and PBegg [ARB]: 0.462).

Discussion

The present study was based on RCTs and explored the 
potential effect of ACEI/ARB on renal or cardiovascular out-
comes in patients with DN. This comprehensive quantitative 
study included 57,818 patients from 24 trials encompassing 
a broad range of populations. The findings suggested that 
ACEI therapy was associated with lower risk of MACEs, 
while it did not exert any significant effect on the outcomes 
of ESRD, doubling of serum creatinine levels, all-cause 
mortality, MI, stroke, and cardiac death. Moreover, the ARB 
therapy significantly reduced the risk of ESRD and doubling 
of serum creatinine levels, but did not affect the incidence of 
all-cause mortality, MACEs, MI, stroke, and cardiac death 
in patients with DN. In addition, the effect of ACEI might 
differ by HbA1c, DM types, duration of DM, and follow-up 
duration. Finally, the treatment effect of ARB might differ 
according to patients with different HbA1c levels. These 
findings could provide an appropriate and useful assessment 
of the relative efficiency of ACEI/ARB therapy in patients 
with DN.

A previous meta-analysis included 24 trials, of which, 
20 studies evaluated the treatment effect of ACEI, and 
the remaining four trials evaluated the treatment effect of 
ARB in patients with DN [43]. These studies indicated that 
patients with DN receiving ACEI or ARB therapy were 
associated with a lower incidence of ESRD and doubling 
of serum creatinine levels, while no effect was found on 
all-cause mortality. The inherent limitation of this study 
was that about half of the included trials did not report the 
events of renal outcomes and only provided the qualitative 
results. Furthermore, the summary results for cardiovascular 
outcomes, including MACEs, MI, stroke, and cardiac death, 
were not investigated. The follow-up duration in several 

Table 3  Publication bias Outcomes Intervention P value for Egger P value for Begg

End-stage renal disease ACEI 0.906 0.764
ARB 0.467 0.296

Doubling of serum creatinine con-
centration

ACEI 0.439 0.806
ARB 0.452 1.000

All-cause mortality ACEI 0.557 0.755
ARB 0.220 0.371

Major cardiovascular events ACEI 0.793 1.000
ARB 0.652 1.000

Myocardial infarction ACEI 0.556 0.308
ARB 0.610 0.462

Stroke ACEI 0.681 0.462
ARB 0.593 0.462

Cardiac death ACEI 0.680 1.000
ARB 0.204 0.462
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included studies was shorter than necessary to display a 
clinical benefit due to event rates being lower than expected 
and associated broad CIs, i.e., no statistically significant dif-
ference. In addition, the treatment effects of ACEI or ARB 
in patients with specific characteristics were not calculated. 
Therefore, we conducted this study to evaluate the potential 
effect of ACEI/ARB in patients with DN.

The summary results suggested that ACEI therapy did 
not affect the incidence of renal outcomes, while ARB 
therapy significantly reduced the risk of ESRD and dou-
bling of serum creatinine concentration. The findings of this 
study are in agreement with those from a previous meta-
analysis [43]; only the treatment effect of ACEI and ARB 
on doubling of serum creatinine levels was inconsistent. 
The VA NEPHRON-D investigators included 1448 patients 
with 2.2 years of follow-up and suggested that combina-
tion therapy of ACEI and ARB might play a major role in 
ESRD; it also increased the risk of hyperkalemia and acute 
kidney injury [32]. Furthermore, Ravid et al. demonstrated 
that ACEI in the treatment of early stages of DN was asso-
ciated with a low risk of doubling of serum creatinine con-
centration [21]. In addition, Lewis et al. demonstrated that 
captopril therapy slowed the deterioration of renal function 
in patients with type 1 DM and caused DN [22]. This might 
be attributed to the dose-dependent treatment effect of ACEI 
on renal or cardiovascular outcomes. A number of included 
trials were designed to evaluate the HbA1c or renal function 
as the primary outcome. Hence, clinically significant differ-
ences in renal events were not found.

Next, we noted that ACEI therapy was beneficial on 
MACEs, while the treatment effect of ARB on individual 
cardiovascular outcomes was not statistically significant. 
This discrepancy is probably of a statistical nature. Not 
all studies reported the individual MACE components or 
all of them. In addition, MACE is a composite endpoint 
frequently used in cardiovascular research, comparable 
to the composite endpoint all-cause mortality. Despite 
the widespread use of the term in clinical trials, the 
definitions of MACE can differ among studies, which 
makes comparison of similar studies difficult. This is a 
limitation of meta-analyses. Furthermore, several RCTs 
included in this systemic review reported conflicting 
results. Marre et  al. suggested that although ramipril 
could lower the SBP, DBP, and favor microalbuminuria 
and proteinuria, a difference between ACEI and con-
trols for the cardiovascular events was not detected [29]. 
Mauer et al. indicated that both ACEI and ARB could 
not affect the progression of nephropathy; it could slow 
the progression of retinopathy, and ACEI and ARB could 
not affect the incidence of MACEs [31]. Finally, the VA 
NEPHRON-D trial indicated that either therapy did not 
benefit the all-cause mortality and MACEs [32]. This 

phenomenon might be attributed to the imbalance in the 
use of other hypertensive drugs, which might play a cru-
cial role in the absence of treatment effects on MACEs. 
Consequently, the events that occurred were smaller than 
expected due to the short follow-up duration, which, in 
turn, might lower the statistical power.

The subgroup analysis indicated that the treatment 
effects of ACEI might induce biases according to the mean 
BMI, HbA1c, DM types, duration of DM, and follow-up 
duration. First, BMI is an independent risk factor for the 
progression of cardiovascular outcomes, which might cor-
relate with the HbA1c levels [44]. Second, HbA1c and 
duration of DM are associated with the severity of DM, 
and the risk levels of cardiovascular events were varied 
[45]. Third, the treatment effect of ACEI/ARB on the renal 
and cardiovascular outcomes might differ between types 
1 and 2 DM. Finally, patients with DN with long-term 
follow-up duration could acquire a larger number of events 
than those with a short-term follow-up duration.

The findings of this study could provide better knowl-
edge of ACEI and ARB for the treatment of patients with 
DN, which might help in decision-making for clinicians 
and patients. Nevertheless, our results have several limita-
tions. First, inevitable heterogeneity was observed among 
the eligible studies. The baseline characteristics of the 
patients also varied among the different studies. The doses 
and duration of ACEI/ARB were different among stud-
ies. Second, the quality of the included studies was dif-
ferent. The Jadad scale score ranged from 2 to 5. Third, 
the patients included in this study with different charac-
teristics might affect the progression of renal and cardio-
vascular outcomes. Fourth, the analysis used pooled data 
as the individual data were not available, which restricted 
the detailed analysis. Finally, due to non-uniform report-
ing and differences in definitions, microalbuminuria vs. 
macroalbuminuria and eGFR < 60 vs. eGFR ≥ 60  ml/
min/1.73 m2 could not be analyzed. In addition, not all 
studies reported the individual conditions grouped as 
MACEs and some studies called them cardiovascular 
events instead of MACEs. Therefore, to be able to carry 
out statistical analyses, we grouped all of them as MACEs.

In conclusion, ACEI shows significant improvements 
in MACEs, and ARB shows a satisfactory effect on ESRD 
and doubling of serum creatinine levels for the treatment 
of patients with DN. Furthermore, the treatment effects of 
ACEI and ARB in patients with DN might show beneficial 
effects in patients with specific characteristics. Neverthe-
less, large-scale RCTs should be conducted to verify the 
effect of ACEI/ARB in future studies.
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