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Abstract
Renin–angiotensin system (RAS) inhibitors are often used as a first-line treatment for hypertensive patients with diabetes
because of purported benefits, such as reno-protection. However, there is no clear evidence for the superiority of RAS
inhibitors to other classes of antihypertensives for clinically important outcomes in this population. We conducted a meta-
analysis to assess whether RAS inhibitors are better than other classes of antihypertensives for reducing mortality, and
cardiovascular and renal events in hypertensive patients with diabetes. From June to December 2017, we searched Medline,
Cochrane Library, and the database of the Japan Medical Abstracts Society (ICHUSHI) for relevant published randomized
controlled trials that directly compared the effects of RAS inhibitors to other classes of antihypertensives as first-line
treatments for reducing adverse outcomes among hypertensive patients with diabetes. Our predetermined outcomes included
all-cause death, cardiovascular death, incidence of cardiovascular disease, and renal dysfunction. We identified 16 trials,
including a total of 35,052 patients. No significant benefits for RAS inhibitors were found compared to other classes of
antihypertensives for all-cause death (relative risk (RR) 0.95, 95% confidence interval (CI) 0.85–1.05, p= 0.29),
cardiovascular death (RR 0.84, 95% CI 0.68–1.04, p= 0.11), incidence of cardiovascular disease (RR 0.93, 95% CI 0.84–
1.03, p= 0.16), and incidence of renal dysfunction (RR 0.91, 95% CI 0.77–1.06, p= 0.22). In conclusion, RAS inhibitors
are not superior to other classes of antihypertensive drugs for reducing all-cause and cardiovascular mortalities,
cardiovascular events, and renal events in hypertensive patients with diabetes.
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Introduction

Hypertension is common among patients with both type 1
and 2 diabetes [1, 2]. Controlling blood pressure has been
demonstrated to be effective for lowering the risk of
microvascular (renal, ocular, or neural) and macrovascular
(atherosclerotic cardiovascular disease) complications in
patients with diabetes [3–5]. Clinical guidelines in
Europe and in the US [6–8] indicate that the degree of
blood pressure reduction is considered the major determi-
nant of reduction in cardiovascular risk rather than the
choice of antihypertensive drug class. Consequently, those
guidelines recommend any of the drug classes shown to
reduce cardiovascular events for patients with diabetes, such
as angiotensin-converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARBs), thiazide-like diure-
tics, or dihydropyridine calcium-channel blockers (CCBs),
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as a first-line treatment for hypertensive patients with
diabetes.

Renin–angiotensin system (RAS) inhibitors, which are
mainly ACE inhibitors and ARBs, have the best efficacy for
decreasing urinary albumin excretion [9] among anti-
hypertensives. Since albuminuria is a known risk factor for
cardiovascular events, RAS inhibitors have a potential
benefit over other antihypertensive classes as the first-line
treatment of hypertensives with diabetes for reducing car-
diovascular risk. In fact, the Guidelines for the Management
of Hypertension 2014 by the Japanese Society of Hyper-
tension [10] and the Japanese Clinical Practice Guideline
for Diabetes 2016 by the Japanese Diabetes Society [11]
recommend RAS inhibitors as a first-line treatment for
hypertension in patients with diabetes primarily because of
their renoprotective properties (i.e., reduction in intraglo-
merular pressure and albuminuria) in addition to their
metabolically favorable effects (i.e., improved insulin
resistance not affecting the lipid level) [12–16]. However,
there is no clear evidence favoring RAS inhibitors over
other classes of drugs for reducing clinically important
adverse outcomes, such as cardiovascular events or all-
cause death for hypertensive patients with diabetes.

Therefore, in this meta-analysis, we sought to assess
whether RAS inhibitors are superior to other classes of
antihypertensive drugs as first-line pharmacological blood
pressure (BP) treatments for hypertensive patients with
diabetes in terms of reducing the risk of all-cause mortality
and cardiovascular or renal events.

Methods

We conducted a systematic review and meta-analysis of the
literature following the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses statement for the con-
duct of meta-analyses of intervention studies [17]. We
performed all the procedures from June 2017 to December
2017.

Data sources and search strategy

We searched Medline, the Cochrane Library database, and
the database of Japan Medical Abstracts Society (Igaku
Chuo Zasshi; ICHUSHI) for relevant published randomized
controlled trials (RCTs). The search was limited to studies
published in English or Japanese, but otherwise no restric-
tions, such as publication year, age, ethnicity/race, and
countries/areas of study participants, were included. For the
literature search, we used the key words including “diabetes
mellitus”, “angiotensin-converting enzyme inhibitor”,
“ACEI”, “angiotensin receptor antagonists”, “angiotensin
receptor blocker”, “receptor blocker”, “ARB”,

“mineralocorticoid receptor antagonists”, “renin inhibitor”,
“alpha blocker”, “beta blocker”, “calcium channel blocker”,
“CCB”, “channel blocker”, “diuretic”, “thiazide”, and spe-
cific names of each typical antihypertensive drug (Supple-
mentary Table 1).

Study selection

In the primary screening, reviewers (AK, AF, HS, NH, and
HO) screened the titles and abstracts of all identified studies
independently and in duplicate. In the secondary screening,
the same reviewers independently screened the full texts of
possibly eligible studies and evaluated their eligibility.
Disagreements in evaluations were resolved through adju-
dication among the reviewers.

We included only RCTs that directly compared the
effects of RAS inhibitors (ACE inhibitors, ARBs, miner-
alocorticoid receptor antagonists, and renin inhibitors) and
other classes of antihypertensive drugs as a first-line phar-
macological treatment for lowering BP in hypertensive
patients with diabetes. The exclusion criteria were the fol-
lowing: RAS inhibitor(s) were added to an existing phar-
macological treatment; a combined regimen of RAS
inhibitors was compared against other regimens of anti-
hypertensives; no pharmacological treatment was given
(i.e., placebo only) to a comparison group; and either
nonhypertensive patients or nondiabetic patients were
included (or did not have the measurements attributed only
to hypertensive diabetics) in the study.

Our predetermined outcomes of interest were all-cause
death, cardiovascular death, incidence of cardiovascular
disease, and incidence of renal dysfunction. Cardiovascular
disease was defined as a composite of myocardial infarc-
tion, cerebrovascular events, congestive heart failure,
angina pectoris, coronary revascularization, arrhythmia
(ventricular tachycardia, ventricular fibrillation, and atrial
fibrillation), dissecting aortic aneurysm, peripheral artery
disease, and sudden cardiac death. Renal dysfunction was
defined as a composite of a doubling of serum creatinine
concentration and development of end-stage renal disease
requiring regular dialysis or renal transplantation. Addi-
tionally, we planned to conduct stratified analyses by renal
impairment at baseline, repeating the comparison between
RAS inhibitors versus other classes of antihypertensives
according to the presence or absence of either a reduced
estimated glomerular filtration rate or proteinuria/albumi-
nuria at baseline.

Data extraction and risk of bias assessment

The data including general study information (authors,
titles, publication year, sample size, and study design),
study population details (age, gender, mean systolic and
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diastolic BP levels at baseline and at the end of the trial as
well as the follow-up duration), details on the intervention
and comparison (the class of antihypertensive drug), and the
outcome events were extracted.

Reviewers independently assessed the risk of the bias in
each individual RCT by evaluating selection bias (rando-
mization, concealment), performance bias (blinding),
detection bias (blinding), and attrition bias (use of intention-
to-treat analysis, incomplete outcome data) [18, 19].

Data synthesis and statistical analysis

In this analysis, tabular data were used because the indivi-
dual patient data of each study were not available. Relative
risk (RR) ratios and 95% confidence intervals (CIs) for each
outcome of the individual studies were calculated before
integration. We used a random effects model to obtain the
summary estimates of RR ratios given that our included
trials are likely heterogeneous because we set no restrictions

for inclusion, except the language requirement. Statistical
heterogeneity was determined with an I2 statistic. We used
an inverse-variance method for the meta-analysis of each
outcome. We examined publication bias using funnel plots
of the natural log of the RR vs its standard error for each
outcome. In addition to producing a quantitative summary
estimate (i.e., RR and 95% CI) for an outcome, we also
assessed the quality of evidence for each summary estimate
by considering the risk of bias, inconsistency, imprecision,
indirectness, and publication bias. Then, we rated the
quality of the evidence as “high”, “moderate”, “low”, or
“very low” [19]. Any disagreement in the rating among
reviewers was adjudicated. A two-sided p value less than
0.05 was considered statistically significant. The data were
analyzed with RevMan 5.3 (London, UK).

Results

Search results and characteristics of included trials

Through the literature search, we identified 1797 articles
and reviewed 95 of them in full text. For qualitative
synthesis, we included 16 RCTs (Fig. 1) [20–35].

Among the 16 RCTs, 8 trials were open-label RCTs [21,
26, 29–32, 34, 35] and the rest of the 8 trials were double-
blinded RCTs [20, 22–25, 27, 28, 33]. Twelve trials com-
pared RAS inhibitors with CCBs [21–26, 29, 31–35], four
trials compared RAS inhibitors with beta-blockers [20, 26,
27, 30], and five trials compared RAS inhibitors with
diuretics [26, 28, 30, 31, 33]. The mean duration of follow-
up for each trial ranged from 1 to 9 years, but it was less
than 5 years for most trials (Table 1). The risk of bias of the
included trials varied substantially (Supplementary
Table 2).

The mean baseline BP levels in the trials ranged between
137/76 and 196/97 (systolic/diastolic BP in mmHg). In
most trials, no significant differences in achieved BP were
found between RAS inhibitors and other classes of anti-
hypertensive drugs during follow-up. However, in two
trials, systolic BP during follow-up was significantly lower
in individuals who were assigned diuretics [33] or CCB [32]
compared to individuals who were assigned RAS inhibitors
(Table 1).

Outcomes

All-cause death

Data on all-cause death (Figs. 2 and 3) were available from
12 trials that included 26,196 patients and 4106 events [20,
24–30, 32–35]. No significantly beneficial effect of RAS

Total records identified through database searching (n = 2621)
PubMed (n = 892)
Cochrane (n = 1619)
ICHUSHI (n = 110)

Duplicates excluded (n = 825)

Records screened  by title/ abstract
( 1st Screening ) (n = 1796)

Records excluded (n = 1702)
Main reasons for exclusion: 
observational study, placebo-controlled trial, 
RCT that added RAS inhibitors to an existing 
treatment, and assessed combination of RAS 
inhibitors with other classes of antihypertensive 
drugs, RCT that enrolled non-diabetic patients. 

Full-text articles assessed for eligibility
( 2nd

 Screening ) (n = 94)

Full-text articles excluded with reason (n = 78)
Not original investigation (e.g. review) (n =31)
Not eligible target (n = 18)
Not eligible outcomes (n =15)
Not randomized controlled trial (n =7)
Not written in English or Japanese (n =3)
Placebo-controlled trial  (n = 2)
RCTs that assessed combination of RAS 
inhibitors with other classes of antihypertensive 
drugs (n = 1) 
Full-text article is not available (n =1)

Trials included in qualitative synthesis
(n = 16)

Trials included in quantitative synthesis
(meta-analysis)  (n = 16)
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Fig. 1 Identification process for eligible trials. RAS, renin–angiotensin
system; RCT, randomized controlled trial
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inhibitors for all causes of death was observed (RR 0.95,
95% CI 0.85–1.05, p= 0.29), and there was relatively weak
evidence of heterogeneity in the magnitude of the effects
across the included trials (I2= 41%, p= 0.05). A funnel
plot revealed no publication bias among the included trials.
The quality of evidence for the summary estimate was rated
as “moderate” (Table 2).

Cardiovascular death

Data on cardiovascular death were available from nine trials
that included 7587 patients and 580 events [20, 22–24, 26,
27, 29, 30, 35]. No significantly beneficial effect of RAS
inhibitors on cardiovascular death was observed (RR 0.84,
95% CI 0.68–1.04, p= 0.11), and there was weak evidence
of heterogeneity in the magnitude of the effect across the
included trials (I2= 33%, p= 0.15). A funnel plot revealed
there was no publication bias among the included trials. The
quality of evidence for the summary estimate was rated as
“moderate” (Table 2).

Incidence of cardiovascular disease

Data on the incidence of cardiovascular disease were
available from 14 trials that included 27,778 patients and
4702 events [20–22, 24–30, 32–35]. No significantly

beneficial effect of RAS inhibitors on the incidence of
cardiovascular disease was observed (RR 0.93, 95% CI
0.84–1.03, p= 0.16). However, substantial heterogeneity in
the magnitude of the effect across included trials was found
(I2= 59%, p= 0.002). We performed a subgroup analysis
to explore the sources of heterogeneity by excluding
apparently heterogeneous trials in the estimates one by one
(ABCD [24], FACET [32], J-MIND [21], and NESTOR
[28]). However, these exclusions did not alter the overall
results of our summary estimate (Table 2). A funnel plot
revealed there was no publication bias among the included
trials. The quality of evidence for the summary estimate was
rated as “moderate” (Table 2).

Incidence of renal dysfunction

Data on the incidence of renal dysfunction were available
from six trials that included 19,671 patients and 590 events
[20, 23, 25, 29, 31, 35]. No significantly beneficial effect of
RAS inhibitors on the incidence of renal dysfunction was
observed (RR 0.91, 95% CI 0.77–1.06, p= 0.22), and there
was no evidence of heterogeneity in the magnitude of the
effect across the included trials (I2= 0%, p= 0.58). A
funnel plot revealed there was no publication bias among
the included trials. The quality of evidence for the summary
estimate was rated as “high” (Table 2).

Fig. 2 Effects of renin–angiotensin system inhibitors on a all-cause
death, b cardiovascular death, c the incidence of cardiovascular dis-
ease, and d the incidence of renal dysfunction. Boxes and horizontal
lines represent the relative risk ratios and 95% CI for each trial.

Diamonds represent the 95% CI for pooled estimates of the effect and
are centered on the pooled relative risk ratio. CCB, calcium-channel
blocker; CI, confidence interval; conventional, conventional drugs;
RAS, renin–angiotensin system

676 A. Kunimura et al.



Fig. 3 Funnel plots of the natural log of the relative risk ratio vs its
standard error for a all-cause death, b cardiovascular death, c the
incidence of cardiovascular disease, and d the incidence of renal

dysfunction. The funnel plots revealed no publication bias among the
included trials. RR, relative risk; SE, standard error

Table 2 Summary of the quality of evidence assessments among the included trials

High: -2; moderate/unclear: -1; low: 0. CI confidence interval, RAS renin–angiotensin system, RR relative risk
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Outcomes in patients with or without renal
dysfunction at baseline

We were unable to perform stratified analyses for the pre-
sence/absence of renal impairment, which was defined as
either reduced estimated glomerular filtration rate or albu-
minuria/proteinuria, at baseline, because of the following
reasons: (1) many trials excluded patients with serum
creatinine concentrations ≥ 1.7 mg/dl at baseline and (2)
many trials did not perform analyses that were stratified for
renal impairment.

We performed subgroup analyses that excluded four
trials that were rated as having a higher risk of bias (STOP-2
[26], J-MIND [21], JMIC-B [35], and CASE-J [29]) than
other trials. The exclusions resulted in similar estimates to
the main analyses (data not shown).

Discussion

In this meta-analysis of trials directly comparing RAS
inhibitors and other drug class(es), we found that RAS
inhibitors were no better than other classes of drugs as a
first-line antihypertensive treatment for reducing all-cause
death, cardiovascular death, the incidence of cardiovascular
disease, and the incidence of renal dysfunction in hyper-
tensive patients with diabetes. The summary point estimates
of each outcome suggested that there was a reduced risk
overall, but all the estimates were statistically non-
significant. The results were consistent with recent meta-
analyses [36, 37] and the recommendations from relevant
major guidelines [6–8].

Apparent differences between our results and recom-
mendation statements made by some guidelines are likely
due, in part, to our strict inclusion criteria for trials (i.e.,
head-to-head comparison of RAS inhibitors vs other anti-
hypertensives), and our predetermined outcomes included
only clinically important adverse outcomes for hypertensive
patients with diabetes [38]. For example, the 2014 guide-
lines by the Japanese Society of Hypertension [10] and
2016 guidelines by the Japanese Diabetes Society [11]
recommended RAS inhibitors as a first-line treatment.
However, these recommendations were not necessarily
based on a systematic assessment of available trials that
made a direct comparison between RAS inhibitors and other
antihypertensive class(es) of drugs on the effects of death
and cardiovascular events. Rather, the recommendation was
largely based on the protective effect of RAS inhibitors over
placebo from diabetic nephropathy. Another possible reason
for the discrepancy is that we did not include the reduction
of albuminuria/proteinuria as an outcome of our interest. It
is noteworthy, however, that the 2014 Guidelines by the
Japanese Society of Hypertension acknowledged the need

for further studies to examine the purported superiority of
ACEI over CCBs in preventing macrovascular complica-
tions in hypertensive patients with diabetes. Likewise, the
2016 Guidelines by the Japanese Diabetes Society stated
that both ACEI and CCBs were shown to be effective in
reducing macrovascular events. Putting all these conclu-
sions together, our results are consistent with the detailed
descriptions and understanding of the relevant literature
from those guidelines. The results of our study imply that
not only RAS inhibitors but also other classes of anti-
hypertensive drugs that are proven to be effective in redu-
cing important adverse outcomes in relevant patient groups
should be recommended as a first-line antihypertensive
treatment in diabetic patients as long as their blood
pressure-lowering effects are equivalent. In cases in which a
multidrug regimen is required to achieve a target BP,
including an RAS inhibitor in that regimen may be rea-
sonable given its protective effect against nephropathy [9,
37]. Such clinical judgments are endorsed by the recently
updated guidelines by European Society of Cardiology and
European Society of Hypertension 2018 [39].

For patients with diabetes and albuminuria, the guide-
lines and statements mentioned above recommend includ-
ing an ACE inhibitor or ARB in the initial treatment with
the primary reason being the risk reduction of kidney dis-
ease progression. The recommendations were based on a
few trials in relevant patients [40]. Unfortunately, in our
meta-analysis, we were unable to assess the question of
whether this trend is also true with regard to reductions in
total death and/or cardiovascular events, although we had
initially planned to investigate the trend in the stratified
analyses by the presence/absence of renal impairment at
baseline. Nevertheless, even for this subgroup of patients
(i.e., hypertensive patients with diabetic nephropathy), the
supporting evidence for the superiority of RAS inhibitors in
reducing total death and cardiovascular events remains
relatively weak. The paucity of strong evidence is mani-
fested in the 2017 American Hospital Association/American
College of Cardiology Guidelines because they categorized
their relevant recommendation as Class IIb (“weak”) [7].
Further studies are clearly needed to explore this question.

Study limitations

Several limitations of our study should be mentioned. First,
most trials included in our meta-analysis compared RAS
inhibitors with CCBs. Therefore, the results of this meta-
analysis were mainly determined from comparisons of RAS
inhibitors with CCBs rather than with β-blockers or diure-
tics. Second, many trials allowed multiple classes of blood
pressure-lowering medication to achieve the target blood
pressure when the effects of the assigned drugs (RAS
inhibitors vs CCBs, β-blockers, and diuretics) were not
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enough. Therefore, differences in class-specific effects on
outcomes may have been obscured. Third, the relatively
short follow-up period of included trials (an average of < 5
years in most studies) may have prevented us from detect-
ing a smaller but true difference between the effects of RAS
inhibitors and other classes on the outcomes that would
require a longer duration to emerge. Fourth, many trials
included in this meta-analysis excluded patients with ele-
vated serum creatinine at baseline. Fifth, we did not perform
stratified analyses for the presence/absence of history of
cardiovascular disease at baseline because many trials did
not make this distinction. Thus, we could not discuss the
primary and secondary prevention against each outcome
separately. Finally, we have not assessed the potential
harms associated with each treatment. We have to take these
limitations into consideration when we generalize the
results of this meta-analysis.

Conclusion

In this meta-analysis of head-to-head comparison RCTs,
RAS inhibitors were not superior to other classes of anti-
hypertensive drugs in reducing mortality, cardiovascular
events, and renal events in hypertensive patients with dia-
betes. However, for diabetic patients with proteinuria, we
were unable to conduct an assessment due to the lack of
available data.
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