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Abstract
The target of diastolic blood pressure (DBP) remains controversial in patients with coronary artery disease (CAD). We
systematically searched PubMed/Medline and the Cochrane Central database for randomized controlled trials (RCTs)
assessing the efficacy and safety of reducing DBP in CAD patients from January 1965 to July 2017. Seven placebo-
controlled RCTs enrolling 34,814 CAD patients who achieved DBP <80 mmHg were included in the drug-intervention
group. The average achieved blood pressures (BPs) were 126.3/75.1 and 131.5/77.8 mmHg in the drug-intervention and
placebo-control groups, respectively. Drug intervention was associated with an 11% reduction in coronary revascularization
and a 31% reduction in heart failure. In the drug-intervention group, all-cause death, myocardial infarction, angina pectoris,
and stroke were reduced with marginal significance, whereas hypotension was increased by 123%. A meta-analysis of four
RCTs, in which the achieved DBP was <75 mmHg, showed that the drug intervention was associated with a 22% reduction
in heart failure. These results suggest that reducing DBP to 80 mmHg or less would significantly reduce coronary
revascularization and heart failure but at the expense of causing hypotension in CAD patients. Further trials are warranted to
prove this issue.
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Introduction

It has been well established that reducing blood pressure
(BP) can prevent cardiovascular events and death. A meta-
analysis of 61 prospective observational studies showed that
BP was strongly and log-linearly associated with

These authors contributed equally: Ryuji Okamoto, Eita Kumagai

* Ryuji Okamoto
ryuji@clin.medic.mie-u.ac.jp

1 Department of Cardiology and Nephrology, Mie University
Graduate School of Medicine, 2-174 Edobashi, Tsu, Mie 514-
8507, Japan

2 Division of Cardiovascular Medicine, Department of Internal
Medicine, Kurume University School of Medicine, 67 Asahi-
machi, Kurume, Fukuoka 830-0011, Japan

3 Department of Cardiology, Kurume University Medical Center,
155-1 Kokubu-machi, Kurume, Fukuoka 839-0863, Japan

4 Department of Advanced Cardiovascular Therapeutics, Nagoya
University Graduate School of Medicine, 65 Tsurumai, Showa-ku,
Nagoya 466-8550, Japan

5 Department of Medicine and Clinical Science, Graduate School of
Medical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-
ku, Fukuoka 812-8582, Japan

6 Department of Cardiovascular Medicine, Nagasaki University
Graduate School of Biomedical Sciences, 1-7-1 Sakamoto,
Nagasaki 852-8501, Japan

7 Divition of Nephrology and Hypertension, Yokohama City
University Medical Center, 4-57 Urafune-cho, Minami-ku,
Yokohama 232-0024, Japan

8 Department of Preventive Medicine and Public Health, Fukuoka
University, 8-19-1 Nanakuma, Jonan-ku, Fukuoka, Fukuoka 814-
0180, Japan

Supplementary information The online version of this article (https://
doi.org/10.1038/s41440-018-0189-z) contains supplementary material,
which is available to authorized users.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-018-0189-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-018-0189-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-018-0189-z&domain=pdf
mailto:ryuji@clin.medic.mie-u.ac.jp
https://doi.org/10.1038/s41440-018-0189-z
https://doi.org/10.1038/s41440-018-0189-z


cardiovascular mortality down to 115/75 mmHg [1]. In
Japanese people, BP is related to the cumulative incidence
of myocardial infarction down to 120/70 mmHg [2].
Importantly, BP reduction is associated with a reduced risk
of cardiovascular events irrespective of the class of anti-
hypertensive drugs used, including angiotensin converting
enzyme (ACE) inhibitors, calcium-channel blockers,
diuretics, and β-blockers [3]. Thus, it is suggested that BP
lowering per se is important for preventing cardiovascular
events.

Current Japanese guidelines for hypertension manage-
ment (JSH2014) recommend a BP target of <140/90 mmHg
in patients with coronary artery disease (CAD) and <130/80
mmHg in high-risk CAD patients if tolerable [4]. However,
previous American and European hypertension guidelines
have recommended a target of <140/90 mmHg for patients
with CAD [5, 6] because of a J-curve phenomenon; namely,
a nonlinear relationship exists between BP and adverse
outcomes with higher event rates at both very-low and very-
high BP [7, 8]. An observational study enrolling CAD
patients showed that a systolic BP (SBP) of less than 120
mmHg and a diastolic BP (DBP) of less than 70 mmHg
were associated with an increased risk of cardiovascular
disease [9]. An additional analysis of the Systolic Blood
Pressure Intervention Trial demonstrated the presence of a J
curve for DBP with a nadir of approximately 70 mmHg
based on the automated office BP measurement in hyper-
tensive patients with or without cardiovascular disease;
however, there was no J curve for SBP [10].

The most recent 2017 ACC/AHA guidelines have low-
ered the BP target for CAD patients from 140/90 to 130/80
mmHg [11]. The following two studies may have an impact
on the lowering of the SBP target: first, the Systolic Blood
Pressure Intervention Trial using the automated office BP
measurement showed that intensive SBP reduction targeting
120 mmHg significantly reduced not only the composite of
myocardial infarction, other acute coronary syndromes,
stroke, heart failure, and death from cardiovascular causes
but also all-cause mortality, when compared with the stan-
dard SBP reduction targeting 140 mmHg in patients with
clinical/subclinical cardiovascular diseases other than stroke
and in patients at a high risk for cardiovascular disease but
without diabetes [12]. Second, a large-scale meta-analysis
enrolling 66,504 CAD patients demonstrated that an SBP
reduction achieving SBP ≤ 130 mmHg was associated with
greater reductions in heart failure and stroke without the
increase in all-cause death and cardiovascular death, when
compared with the standard SBP reduction of SBP
136–140 mmHg [13]. However, only a few consistent data
are available regarding DBP targets based on randomized
clinical trials (RCTs) in patients with CAD. Accordingly,
we conducted searches of previous trials and performed a

systematic review and meta-analysis assessing the efficacy
and safety of reducing DBP to <80 mmHg in CAD patients.

Methods

Eligibility criteria

This systematic review and meta-analysis was conducted
according to the PRISMA statement [14]. We conducted a
systematic search of MEDLINE and the Cochrane Central
Register of Controlled Trials (CENTRAL) from 1965 to
July 2017 using medical subject headings and relevant text
words for CAD and those for BP or DBP. The search cri-
teria were fairly broad to avoid missing studies through a
restricted search. We also checked the reference lists of the
original studies, meta-analyses, and review articles that
were identified by the electronic searches to find other eli-
gible trials. There was no language restriction placed on the
search.

This analysis included RCTs conducted among patients
with CAD (excluding the acute phase of myocardial
infarction or heart failure) that [1] randomized patients to
antihypertensive drug or placebo arms; [2] reported long-
term survival or cardiovascular outcomes for at least 1 year;
[3] enrolled at least 500 patients to avoid bias associated
with small trials; [4] attained a DBP of <80 mmHg in the
drug-intervention group. Studies reporting no significant
difference in DBP between the two groups were excluded.

Data extraction, synthesis, and analysis

Long-term efficacy and safety outcomes were evaluated.
The efficacy outcomes were the following: all-cause mor-
tality, cardiovascular mortality, myocardial infarction,
angina pectoris, revascularization, stroke, and heart failure.
The safety outcome evaluated was hypotension, as reported,
and compared between the two groups. For data synthesis
and analysis, we used the Cochrane Review Manager
software, Review Manager version 5.3 (RevMan 5.3)
(Nordic Cochrane Center, Copenhagen, Denmark).

Assessment of risk of bias in the included studies

Two review authors (RO and EK) independently assessed
trial eligibility and trial-bias risk and extracted data. Dis-
agreements were resolved by consensus. The bias risk of the
trials was assessed using the six domains of the ‘Risk of
bias’ tool according to the method described in the
Cochrane Handbook ‘Assessing Risk of Bias in Included
Studies’ (http://methods.cochrane.org/bias/assessing-risk-
bias-included-studies. Accessed July 11, 2017).
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Statistical analysis

Risk ratios (RRs) and 95% confidence intervals (CIs) were
estimated for each trial and each outcome. Random-effects
models were used to pool RRs and 95% CI for study out-
comes. We used the Cochrane chi-squared test and I2 sta-
tistics to test the heterogeneity across the trials [15]. A chi-
square value of less than 0.05 or an I2 value greater than
50% was regarded as indicating high heterogeneity. Pub-
lication bias was assessed using funnel plots. Statistical
analysis was performed using RevMan 5.3.

Role of funding source

This study was not funded; hence, no funding source played
any role in study design; collection, analysis, and inter-
pretation of the data; or writing the paper.

Results

Trial selection and study characteristics

We identified seven RCTs that fulfilled the inclusion criteria
(Fig. 1) [16–22]. The characteristics of included trials are
summarized in Table 1. The drug-intervention group and
the placebo-control group included 17,434 and 16,725
patients, respectively. Achieved BPs were 126.3/75.1and

131.5/77.8 mmHg in the drug-intervention and placebo-
control groups, respectively. Of note, none of the trials were
designed to assign patients to different target levels of SBP
or DBP (e.g., DBP less than 80 mmHg). A summary of the
risk of bias assessment of each trial is shown in Fig. 4. All
seven RCTs were considered to have a low risk of bias.

Efficacy outcomes

The drug-intervention group with an achieved DBP < 80
mmHg tended to have lower all-cause death (RR 0.94, 95%
CI 0.86–1.02, P= 0.12; Fig. 2a), myocardial infarction (RR
0.87, 95% CI 0.74–1.03, P= 0.10; Fig. 2c), angina pectoris
(RR 0.88, 95% CI 0.76–1.02, P= 0.08; Fig. 2d), and stroke
(RR 0.87, 95% CI 0.73–1.06, P= 0.16; Fig. 2f) when
compared with the placebo group, although the differences
were not significant. No significant effect was found when
comparing cardiovascular death in the drug-intervention
group with that in the placebo group (Fig. 2b). However, the
intervention group was associated with a significant (11%)
reduction in coronary revascularization (Fig. 2e) and a 31%
reduction in heart failure (Fig. 2g). There was a low level of
heterogeneity for the effects of the intervention across eli-
gible trials for all-cause death, cardiovascular death, stroke,
and heart failure; a modest level of heterogeneity for angina
pectoris; and a high level of heterogeneity for myocardial
infarction (I2= 56%; Fig. 2c) and revascularization (I2=
66%; Fig. 2e). There was no clear evidence of publication
bias (Supplementary Figure 1).

Next, we performed an additional meta-analysis of four
RCTs, CAMELOT-E [17], IMAGINE [19], PART-2 [20],
and PEACE [21], in which a DBP of <75 mmHg was
attained in the drug-intervention group. When the achieved
DBP was <75 mmHg, the drug intervention was associated
with a 22% reduction in heart failure when compared with
the placebo group (Fig. 3g). There was no heterogeneity for
the outcome of heart failure (I2= 0%; Fig. 3g). In the drug-
intervention group, a trend towards reduced all-cause death
was observed (Fig. 3a), but there were no significant
reductions in cardiovascular death, myocardial infarction,
angina pectoris, revascularization, and stroke (Fig. 3b–f).
There was no clear evidence of publication bias (Supple-
mentary Figure 2).

Safety outcome

The drug-intervention group with an achieved DBP of 80
mmHg or less was associated with a 123% increase in
hypotension rate (Fig. 2h) when compared with the placebo-
control group. There was high heterogeneity in the analysis
(I2= 73%; Fig. 2h), but bias was insignificant (Fig. 4 and
Supplementary Tables 1–15).

Records identified through PubMed  and Cochrane search using term 
'coronary artery disease [MeSH]', 'RCT[PT]' and 'diastolic blood pressure' 
from 1965 to 2017

202 of records identified
through database searching 

19 of additional records identified 
through other sources

221 of records screened 161 of records excluded 
on the basis of abstract

60 of full-text articles
assessed for eligibility

45 of records excluded
• Observational(n=9)
• Post-hoc analysis(n=6)
• DBP not analyzed(n=16)
• Guideline, review

or Mata-analysis(n=10)
• Primary prevention(n=2)
• No change in blood pressure(n=2)

15 of studies included
in qualitative synthesis

7 of studies included in quantitative 
synthesis (meta-analysis)

8 of full-text articles excluded, 
with reasons
• CAD≠100% (n=1)
• n<500 (n=4)
• not placebo-controlled (n=3)
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Fig. 1 Study selection. CAD coronary artery disease, DBP diastolic
blood pressure, MeSH medical subject heading, PT publication type
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Favours [intervention] Favours [control]

Favours [intervention] Favours [control]

A  Total Death

Intervention

Intervention

B  Cardiovascular Death

Favours [intervention] Favours [control]

Favours [intervention] Favours [control]

Intervention

Intervention

C  Myocardial Infarction

D  Angina Pectoris
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Discussion

The principal finding of the present study is that the
achievement of a DBP of <80 mmHg in the drug-

intervention group is associated with a significant reduc-
tion in coronary revascularization and heart failure but does
not increase all-cause death and cardiovascular death when
the achieved SBP is ≤130 mmHg.

Favours [intervention] Favours [control]

Favours [intervention] Favours [control]

F: Stroke

Intervention

Intervention

E: Revascularization

Favours [intervention] Favours [control]

Intervention

Favours [intervention] Favours [control]

Intervention

G: Heart Failure

H: Hypotension

Fig. 2 Intervention (DBP < 80 mmHg) vs placebo diastolic blood pressure control and outcome. a Total death. b Cardiovascular death. c
Myocardial infarction. d Angina pectoris. e Coronary revascularization. f Stroke. g Heart failure. h Hypotension. The size of the data markers
represents the weight of each trial. CI confidence interval, df degrees of freedom, I2 inconsistency, IV inverse variance
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A  Total Death, DBP<75

B  Cardiovascular Death, DBP<75

C  Myocardial Infarction, DBP<75

D  Angina Pectoris, DBP<75

E  Revascularization, DBP<75
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A systematic review of the effects of reducing SBP was
conducted by Bangalore et al. including 15 RCTs involving
CAD patients not having heart failure and acute myocardial
infarction, who were randomized to antihypertensive drugs
or placebo [13]. The intensive SBP reduction with an
achieved SBP of 131–135 mmHg was associated with a
15% decrease in heart failure and a 10% decrease in stroke
but at the expense of hypotension, when compared with the
standard SBP reduction with an achieved SBP of 136–140
mmHg. Moreover, a more intensive SBP reduction
achieving an SBP of ≤130 mmHg was associated with

greater reductions in heart failure and stroke (27 and 17%,
respectively) as well as borderline reductions in myocardial
infarction and angina pectoris, when compared with the
standard SBP reduction, while not affecting all-cause death
and cardiovascular death. These findings might provide a
rationale supporting the setting of an SBP target in CAD
patients down to <130 mmHg in the recent 2017 ACC/
AHA guidelines [11]. However, this systematic review did
not mention the effects of the achieved DBP ranges on the
outcomes.

Because the RCTs, which investigated the effects of the
achieved DBP ranges on the outcomes, were not found
using a systematic search, we performed a systematic
review of RCTs examining the effects of reducing DBP in
CAD patients who were randomized to antihypertensive
drugs or placebo. Of note, all seven RCTs we included in
our study are included in the meta-analysis by Bangalore
et al., as mentioned above [13]. Indeed, the achieved SBP
was 126.3 mmHg in the drug-intervention group and 131.5
mmHg in the placebo-control group in our study (Table 1).
Our meta-analysis showed that the achievement of a DBP <
80 mmHg was associated with an 11% reduction in cor-
onary revascularization and a 31% reduction in heart failure
(Fig. 2). We could not perform a meta-analysis of the effects
on renal failure because only the EUROPA trial reported the
incidence of renal failure among seven RCTs [18]. An
intervention group with a DBP < 75 mmHg, including the
four RCTs of CAMELOT-E [17], IMAGINE [19], PART-2
[20] and PEACE [21], was associated with a 22% reduction
in heart failure and no increase in total death, cardiovascular
death, myocardial infarction, revascularization, or stroke

F  Stroke, DBP<75

G  Heart Failure, DBP<75

Fig. 3 Intervention (DBP < 75 mmHg) vs placebo diastolic blood pressure control and outcome. a Total death. b Cardiovascular death. c
Myocardial infarction. d Angina pectoris. e Coronary revascularization. f Stroke. g Heart failure. The size of the data markers represents the weight
of each trial. CI confidence interval, df degrees of freedom, I2 inconsistency, IV inverse variance

ACTION

CAMELOT

EUROPA

IMAGINE

PART-2

PEACE

PREVENT

Fig. 4 Risk of bias summary: the review author’s assessment of each
risk of bias item for each included study
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(Fig. 3). Thus, it is important to note that controlling DBP to
less than 80 or even 75 mmHg can prevent heart failure in
patients with CAD.

The identified seven RCTs (DBP < 80 mmHg) used
calcium-channel blockers and ACE inhibitors in the inter-
vention group, and only ACE inhibitors were used in the
four intensive RCTs (DBP < 75 mmHg). This fact might be
interesting given that calcium-channel blockers directly
dilate the coronary artery while ACE inhibitors can improve
autoregulation in the coronary artery [23].

The J-curve phenomenon has been reported, especially in
post-hoc analysis and observational studies. Coronary
revascularization reduced the rate of primary outcome (all-
cause death, nonfatal myocardial infarction or nonfatal
stroke) by half in the group achieving DBP < 60 mmHg in
the INVEST study [24]. Another post-hoc analysis of the
INVEST trial showed that the relation between cardiovas-
cular outcome and DBP was linear in patients with CAD
and revascularization by coronary artery bypass grafting
(CABG), and the lowest event rates were observed in
patients with a DBP of 125/55 mmHg [25]. The authors
concluded that a more complete revascularization can
attenuate hypoperfusion at a low DBP [25]. Therefore, it
seems that severe coronary lesions, which need revascu-
larization, contribute to the increased rate of primary out-
come at a low DBP. After total coronary revascularization,
there is no reason to hesitate to decrease DBP down to 80
mmHg. Indeed, in the Japan CREDO-Kyoto registry, a
DBP ≤ 70 mmHg was not found to be an independent risk
factor for cardiovascular death in patients with CAD after
revascularization [26]. A higher event rate was not observed
in patients older than 75 years, even in those with a DBP <
60 mmHg [27]. Importantly, no RCT has been performed
that enables us to evaluate the effect of a DBP less than 70
mmHg in CAD patients. Further RCT studies targeting a
DBP less than 70 mmHg are necessary.

Study limitations

None of the trials were designed to compare different DBP
target levels. In seven RCTs, calcium antagonists and ACE
inhibitors were used. Interestingly, only ACE inhibitors
were used in trials that achieved DBP levels <75 mmHg in
the intervention group. Thus, we could not compare dif-
ferences relating to the types of antihypertensive agents
used in this meta-analysis.

Conclusions

The present study showed that the achievement of a DBP <
80 mmHg significantly reduces coronary revascularization
and heart failure but at the expense of causing hypotension

in CAD patients with an achieved SBP < 130 mmHg. We
should not hesitate to target SBP down to 130 mmHg in
patients with CAD when we observe DBP values of down
to 80 mmHg, which are tolerable. Our results can support
the targeted DBP of 90 to 80 mmHg, which has been set in
the newly published US guidelines [11].
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