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Many type 2 diabetic patients have concomitant hyper-

tension. These patients require treatment to maintain their

blood pressure (BP) within acceptable ranges to decrease

the risk of cardiovascular disease or diabetic nephropathy.

Lowering BP can decrease the risk or slow the progression

of diabetic nephropathy, and thus it is important to evaluate

diabetic patients with albuminuria and perform proper

staging of diabetic nephropathy. In the Action in Diabetes

and Vascular disease: preterAx and diamicroN-MR Con-

trolled Evaluation (ADVANCE) study in 2009 [1], of

11,140 patients with type 2 diabetes, those who achieved

lower BP presented fewer renal events.

The BP target for hypertensive patients with diabetes

is\130/80 mmHg in Japan. The Guidelines of the Japan

Diabetes Society and the Japan Hypertension Society rec-

ommend angiotensin-converting enzyme (ACE) inhibitors

or angiotensin receptor blockers (ARBs) as the first choice

of antihypertensive treatment for diabetic patients [2, 3].

As recommended, we usually prescribe a renin angiotensin

system (RAS) blocker to diabetic patients with hyperten-

sion. However, the treatment goal of BP for patients with

diabetes and hypertension is\140/90 mmHg based on the

recommendations from the American Diabetes Association

[4]. The evidence supporting this goal was obtained from

the Action to Control Cardiovascular Risk in Diabetes

(ACCORD) trial. In that trial, no benefit was found

regarding cardiovascular outcomes when comparing

aggressive BP treatment goals (\120 mmHg) with mod-

erate treatment goals (\140 mmHg) in patients with type 2

diabetes [5]. The ONgoing Telmisartan Alone and in

combination with Ramipril Global Endpoint Trial

(ONTARGET) also assessed the BP levels at which car-

diovascular protection is achieved with treatment by ACE

inhibitors, ARB, or both for diabetic and nondiabetic

patients [6]. In that subgroup analysis, a progressive

reduction in the incidence of stroke was observed when

systolic BP reached 115 mmHg, but a J-curve relationship

was observed for cardiovascular death and myocardial

infarction. In 2015, Edmin and colleagues reported a sys-

tematic review and meta-analysis on the association

between BP-lowering treatment and vascular outcomes

(including macrovascular and microvascular outcomes) in

type 2 diabetes [7]. They reported that each 10 mmHg

decrease in systolic BP was significantly associated with

improved mortality, cardiovascular disease, coronary heart

disease, stroke, retinopathy, and albuminuria. They also

evaluated outcomes stratified by achieved systolic BP. The

outcomes of stroke and albuminuria were also significantly

reduced in the stratum with BP lower than 130 mmHg.

In a recent meta-analysis published in the BMJ, Ban-

galore and colleagues evaluated the outcomes of diabetic

patients treated with RAS blockers compared with other

antihypertensive agents [8]. They evaluated 19 random-

ized controlled trials that enrolled 25,414 diabetic patients

and were followed up for a mean of 3.8 years. The trials

included in that meta-analyses were published between

1998 and 2012, and most of the trials began before 2000.

In 2003, the Seventh Report of the Joint National
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Committee on the Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure (JNC 7) proposed that

the goal of BP for diabetic patients should be less than

130/80 mmHg [9]. The results of the meta-analysis by

Bangalore et al. were surprising because RAS blockers

were associated with similar risk of death (including

cardiovascular death), myocardial infarction, angina

pectoris, stroke, heart failure, revascularization, and end-

stage renal disease compared with other antihypertensive

agents in diabetic patients. The summary of each relative

risk of the outcomes is shown in Table 1. Many studies on

RAS blockers have reported that these agents can reduce

albuminuria and also suppresses progression of diabetic

nephropathy; therefore, the results of this meta-analysis

were unexpected. Bangalore et al. chose trials that com-

pared RAS blockers with calcium channel blockers (15

trials), thiazide diuretics (three trials), and b-blockers
(two trials). They found only a few trials comparing RAS

blockers with diuretics or b-blockers, which was one of

the limitations of this analysis. Regarding RAS blockers

versus calcium channel blockers, RAS blockers were

associated with a significant reduction in the risk of heart

failure, but there were no differences in other outcomes

(Table 1). The Antihypertensive and Lipid-Lowering

Treatment to Prevent Heaert Attack Trial (ALLHAT) had

the largest sample size in this meta-analysis and also

failed to show the superiority of RAS blockers compared

with other antihypertensive agents in its results [10].

ALLHAT might have a strong effect on the results of this

meta-analysis, and this is one of the limitations of such

meta-analyses. One trial included in this meta-analysis is

the Irbesartan Type 2 Diabetes Nephropathy Trial

(IDNT), which showed the superiority of a RAS blocker

(irbesartan) over a calcium channel blocker (amlodipine)

in 2001 [11]. This study showed that the irbesartan group

was associated with a significant reduction in the risk of

doubling of serum creatinine levels and end-stage renal

disease compared with the amlodipine or placebo group.

Further, the relative risk of the primary end point in the

placebo and amlodipine groups did not differ

significantly.

In contrast, Palmer et al. reported the comparative effi-

cacy and safety of pharmacological agents aimed at low-

ering BP in adults with diabetes and kidney disease [12].

They analyzed 157 studies comprising 43,256 participants,

mostly with type 2 diabetes and chronic kidney disease by

network meta-analysis. The network meta-analysis

employed was a very unique method for evaluating a large

number of studies. In their results, no BP-lowering strate-

gies prolonged survival in adults with diabetes and kidney

disease. However, ACE inhibitors and ARBs, alone or in

combination, were the most effective strategies against

end-stage kidney disease. The secondary outcomes for

renal function in this network meta-analysis were doubling

of serum creatinine and regression of albuminuria. Ban-

galore’s meta-analysis only evaluated end-stage kidney

disease as a renal outcome. Therefore, the differences in

outcomes between these meta-analyses are sizable.

Another important difference between this network meta-

analysis and Bangalore’s meta-analysis is whether placebo-

controlled studies were included or not.

In another network meta-analysis reported in 2013, Wu

et al. showed that ACE inhibitors exerted renoprotective

effects in diabetic patients and were superior to other

treatments [13]. In that meta-analysis the outcomes for the

renoprotective effect evaluation were progression to end-

stage renal disease or doubling of serum creatinine levels.

These network meta-analyses could evaluate the effec-

tiveness about ACE inhibitors and ARBs separately, but

Bangalore et al. analyzed about 19 trials that combined 13

trials with ACE inhibitors and 6 trials with ARBs. In fact,

both ACE inhibitors and ARBs reduce the effect of

angiotensin II, but each works through a different mecha-

nism and absolutely classifies a different class of antihy-

pertensive agents.

A serious issue with that meta-analysis is the difference

of endpoints for evaluating renal disease progression in

each clinical study. Development of end-stage renal disease

Table 1 Summary of each outcome with RAS blockers versus other hypertensive agents from the meta-analysis by Bagalore et al.

Versus other antihypertensive agents Versus calcium channel blockers Versus diuretics Versus b blockers

All-cause mortality 0.99 (0.93–1.05) 1.01 (0.92–1.10) 0.99 (0.90–1.08) 0.84 (0.47–1.51)

Cardiovascular mortality 1.02 (0.83–1.24) 1.17 (0.90–1.50) 0.50 (0.05–5.46) 0.87 (0.47–1.60)

Myocardial infarction 0.87 (0.64–1.18) 0.84 (0.54–1.30) 0.14 (0.01–2.74) 1.02 (0.73–1.40)

Angina pectoris 0.80 (0.58–1.11) 0.69 (0.33–1.42) 0.20 (0.01–4.12) 0.89 (0.60–1.21)

Stroke 1.04 (0.92–1.17) 1.08 (0.90–1.28) 0.98 (0.69–1.38) 1.19 (0.50–2.83)

Heart failure 0.90 (0.76–1.07) 0.78 (0.70–0.88) 1.11 (0.93–1.32) 1.19 (0.50–2.83)

Revascularization 0.97 (0.77–1.22) 1.01 (0.74–1.39) 0.92 (0.65–1.30)

End-stage renal disease 0.99 (0.78–1.28) 0.88 (0.64–1.21) 1.18 (0.93–1.50) 0.90 (0.22–3.58)

Relative risk (95 % confidence interval)
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(needed for dialysis or kidney transplantation) is consid-

ered a hard renal endpoint. Doubling of serum creatinine

levels is considered a stringent renal endpoint. Beyond

these outcomes, change in 24-h creatinine clearance and

progression or regression of albuminuria are other param-

eters to assess renal function. In fact, the estimated

glomerular filtration rate (eGFR) may not be reliable

because of ethnic differences. The Modification of Diet in

Renal Disease (MDRD) Study equation was most fre-

quently used before 2009, and the Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) has been a major

equation recently. The CKD-EPI has been modified

according to several races or ethnicities by reason of the

difference in creatinine generation due to muscle mass or

diet pattern. Several kinds of eGFR could be mixed in the

meta-analysis, so we need to pay attention to understand

such a meta-analysis. If we choose a hard renal endpoint

for verification of the effectiveness of antihypertensive

agents, we need long follow-up periods to get a sufficient

number of endpoint results. There are several arguments as

to which renal endpoint is better for clinical trials aimed to

evaluate the effectiveness of a therapeutic approach. In

2014, prior to the joint National Kidney Foundation (NKF)/

US Food and Drug Administration (FDA) workshop, they

confirmed decline in GFR of 40 or 30 % could be used as

an endpoint in clinical trials of CKD [14].

Lowering of BP with pharmacological agents has been

central to the treatment of diabetic kidney disease for

decades, and it has been credited with the decreased

prevalence of end-stage kidney disease over the past

10 years in the USA [15]. In Japan, the leading indication

for initiating hemodialysis since 1998 is diabetic

nephropathy. The peak ratio in 2009 was 44.5 %, and it has

not increased further in the last 5 years [16]. It is consid-

ered that the combined use of antihypertensive agents,

including RAS blockers, is a large contributor to the pre-

vention of end-stage renal disease in the twenty-first cen-

tury in spite of the growing number of diabetic patients

year by year. It may be difficult to start new head-to-head

trials with RAS blockers and other antihypertensive agents

for diabetic patients in the future. Therefore, we should

carefully consider how to choose antihypertensive agents

based on the evidence from recent meta-analyses such as

that by Bangalore et al. [8]. Currently, seven ARBs and 12

ACE inhibitors are available in Japan. Additionally, there

are many combined preparations of ARBs and Ca blockers

or diuretics. I consider that we have been prescribing these

types of antihypertensive medications to diabetic patients

for some time. The number of older patients with diabetes

is also rising. These patients are at a particular risk of

polypharmacy. Thus, it is important to consider that per-

haps strict BP control may not be necessary to maintain

their quality of life and function in terms of activities of

daily living. In addition, excess antihypertensive treatment

can cause adverse effects related to hypotension in older

patients, especially those who have advanced atheroscle-

rotic lesions. Therefore, we need to avoid hypotension for

such patients. For daily clinical practice, we should be

knowledgeable about the characteristics of each type of

antihypertensive agent available in our setting. Further, we

should repeatedly and carefully assess our diabetic patients

for expected adverse effects and long-term efficacy.
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