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Abstract

Although recent systematic reviews (SRs) of randomized clinical trials (RCTs) support the benefit of blood pressure (BP)
treatment in the elderly, the optimized target BP level remains controversial. We performed a SR to determine the
clinical benefit of antihypertensive treatments with a target systolic BP (SBP) of <140 mmHg in the elderly. We searched
for RCTs comparing intensive and less intensive treatments or placebo and active treatments reported until May 2017
and identified 11 RCTs in which the target or on-treatment SBP in the intensive or active treatment was less than 140
mmHg. Among the RCTs, 6 RCTs with primary or subanalysis results for patients aged 70 years or older were finally
chosen for the meta-analysis. We found that intensive lowering of BP did not reduce the risk ratio (RR) of composite
cardiovascular outcomes (95% CI: 0.67-1.05, p = 0.13). By contrast, intensive lowering of BP achieved RR reductions
of 24% for all-cause death (0.63-0.92) and of 39% for cardiovascular death (0.48-0.77). Intensive lowering of BP did
not alter the incidence of stroke (0.63—1.23) and serious adverse events (SAEs) (0.93-1.09). In conclusion, intensive
antihypertensive regimens targeting SBP < 140 mmHg did not significantly reduce the risk of cardiovascular diseases
compared to that of less intensive treatments, but did reduce the risk of death without increasing adverse events in
patients aged 70 years or older. These findings support the benefit of intensive treatment targeting SBP to <140 mmHg in
the elderly.

Keywords Hypertension * The elderly - Systematic review - Meta-analysis * Randomized clinical trial

Introduction

Hypertension is the most common lifestyle disease in the
elderly and affects more than 50% of the population aged 65
years or older in Japan [1]. The recent aging of the popu-
lation has increased the importance of hypertension man-
agement in the elderly, and recent clinical trials have clearly
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shown the benefit of antihypertensive medications, even in
the very elderly [2]. However, the optimized target blood
pressure (BP) level that provides superior benefits compared
to those of higher target BP levels in the elderly population
is a matter of debate [3]. In the current hypertension
guideline in Japan (The Japanese Society of Hypertension
(JSH) 2014), treatment of patients aged 75 years or older is
specially categorized with an initial target BP of 150
mmHg, which is in contrast to the target of 140 mmHg for
the younger population [4]. After the JSH2014 launched,
the Systolic Blood Pressure Intervention Trial (SPRINT)
showed the benefit of intensive treatment of BP targeting a
cut-off of less than 120 mmHg, even in patients aged 75
years or older [5]. In this systematic review, we aimed to
investigate whether the initial target BP in the JSH2014
needs to be re-adjusted in patients aged 75 years or older.
We also investigated whether the optimal initial target BP
should be changed in patients with comorbidities, such as
diabetes mellitus (DM), stroke history, chronic kidney dis-
ease (CKD), or frailty. For this aim, we conducted a meta-
analysis to investigate the balance of risks and benefits
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associated with lowering BP to less than 140 mmHg in
patients aged 70 years or older, most of whom were 75
years or older (Table 1).

Methods
Data sources and searches

This systematic review (SR) used the recent SR that pro-
vided the basis for the recent guideline for treatment of
hypertension in adults 60 years old and older released by the
American College of Physicians (ACP) and the American
Academy of Family Physicians (AAFP) as a reference
[6, 7]. The reference SR included 15 randomized trials of
adults with a diagnosis of hypertension and a mean age of at
least 60 years that directly compared the effects of anti-
hypertensive therapy with either active versus placebo
medication or more versus less intensive lowering of BP
[2, 5, 8-23]. This SR performed a MEDLINE search in
September 2016. We also searched the following data
sources to update relevant randomized trials in June 2017:
MEDLINE via Ovid, the Cochrane Library database, and
the Ichushi for Japanese database. We used relevant text
words and medical subject headings according to the
reference SR. A total of 1666 articles matched the search,
and we added 17 articles cited in the reference SR in the
initial screening step (Fig. 1) [2, 5, 8-24].

Study selection

The literature search, data extraction, and quality assess-
ment were conducted independently by two authors using a
standardized approach (KY and YT). After the literature
search, we selected trials that satisfied the following criteria;
target systolic BP of the intensive treatment group <140
mmHg in RCTs comparing intensive and less intensive
treatments or achieved systolic BP in the active treatment
group <140 mmHg in RCTs comparing placebo and active
treatments (the first screening) and a primary analysis or
subanalysis targeting patients 70 years or older (or 75 years
or older, if available) (the second screening). In this report,
we applied the phrase “intensive” therapy to describe a
therapy in which the target or on-treatment SBP in an
intensive or active treatment regimen was less than 140 or
130 mmHg and a “less intensive” therapy to describe the
comparator for each therapy.

The study quality was judged based on the proper con-
duct of randomization, concealment of treatment allocation,
similarity between the treatment groups at baseline, provi-
sion of a description of the eligibility criteria, completeness
of follow-up, use of an intention-to-treat analysis, selective
outcome reporting, early termination of the study, and

Table 1 Characteristics of selected RCTs for second screening in systematic review

BP difference Baseline BP  Achieved BP
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Follow-
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Fig. 1 Identification process of
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indirectness of the evidence [25]. We further selected arti-
cles that showed data for the subgroup of patients with
comorbidities.

Outcomes

The outcomes were composite cardiovascular events (i.e.,
myocardial infarction, stroke, heart failure, and cardiovas-
cular death), all-cause mortality, cardiovascular death,
stroke, and severe adverse events.

Data synthesis and analysis

The relative risk (RR) ratio and 95% Cls from the indivi-
dual studies were calculated for each outcome. Summary
estimates of the RR ratios were obtained using an inverse-
variance method with random-effects models. The
percentage of variability across studies attributable to het-
erogeneity beyond chance was estimated using the I

SPRINGER NATURE

statistic. A sensitivity analysis was also performed for each
meta-analysis by excluding RCTs with a high risk of bias or
without an intension to achieve a target BP of less than 140
mmHg. Potential publication bias was represented graphi-
cally using Begg’s funnel plots of the natural log of the RR
versus its standard error. A two-sided p value less than 0.05
was considered statistically significant. The statistical ana-
lyses were performed using Review Manager 5.3.
(Cochrane Collaboration)

Results

Search results and characteristics of the included
studies

The literature search led to the retrieval of 1683 articles, of
which 103 were reviewed based on the full text (Fig. 1). A
total of 11 RCTs were identified after the first screening that
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satisfied the criteria of a target systolic BP of an intensive
treatment of less than 140 mmHg [5, 17-24] or a final
systolic BP of an active treatment of less than 140 mmHg
[11, 12, 14-16]. Among them, 10 RCTs were included in
the meta-analysis of the reference SR [5, 11, 12, 14-23],
whereas a RCT using Chinese hypertensive patients aged 70
years or older was excluded due to a high risk of bias and a
lack of detailed information about the study protocol,
including concealment of treatment allocation and use of an
intention-to-treat analysis [24]. As shown in the recent SR,
we found some significance in including the RCT for Asian
elderly [26]. Therefore, we integrated this article into the
meta-analysis, followed by a sensitivity analysis with
exclusion from the study. We excluded five RCTs with no
available results stratified for patients aged 70 years or older
in the second screening [11, 12, 14, 18, 19]. We finally
selected six RCTs for the meta-analysis for which results of
the stratified analysis of patients aged 70 years or older (or
75 years or older, if available) were available in the litera-
ture. The quality of the selected RCTs was assessed and
shown in Supplemental Table 1.

Effects of intensive BP lowering regimens
Composite cardiovascular events

Data regarding the effects of intensive antihypertensive
therapy on composite cardiovascular events were available
from 6 RCTs including 8577 participants and 750 cardio-
vascular events. Intensive BP lowering therapy that achieved
a blood pressure of 140/90 or less did not produce a sig-
nificant risk reduction for composite cardiovascular events
compared with that of a less intensive antihypertensive
therapy that achieved a higher blood pressure (RR =0.84,
95% CI: 0.67-1.05, p =0.13). However, moderate hetero-
geneity was observed in the magnitude of the effect across
the included studies (F = 59%, p = 0.03) (Fig. 2a).

Fatal events

Five RCTs including 7941 participants recorded 641 all-
cause fatal events. Compared to that of the cases with less
intensive lowering of BP, the intensive antihypertensive
therapy reduced the risk of all-cause mortality by 24% (RR
=0.76, 95% CIL: 0.63-0.92, p=0.005) with low-grade
heterogeneity (I =36%, p=0.18) (Fig. 2c). Regarding
cause-specific deaths, data on cardiovascular death were
only identified in 5 RCTs (7941 participants and 269
events). Compared to that of the cases with less intensive
lowering of BP, intensive antihypertensive therapy reduced
the risk of cardiovascular death by 39% (RR =0.61, 95%
CI: 0.48-0.77, p <0.0001) with much less heterogeneity (I
=0%, p=0.61) (Fig. 2d).

Stroke

Stroke was reported by 5 trials including 8802 participants,
among whom 268 events were observed. No significant
effect of intensive lowering of BP was found on the risk of
stroke (RR=0.88, 95% CI: 0.65-1.23, p=0.45) with
moderate heterogeneity (> =49%, p = 0.10) (Fig. 2e).

Severe adverse events

Data on severe adverse events were collected from 4 RCTs
including 7217 participants, among whom 1470 events
occurred. No significant differences in potential harms of
treatment were observed between the intensive therapy and
the less intensive therapy groups (RR =1.01, 95% CI:
0.93-1.09, p = 0.84) with low heterogeneity (I = 0%, p =
0.69) (Fig. 2f).

Effect of intensive therapy on hypertensive patients with
comorbidities or frailty

Although we sought to analyze whether comorbidities or
frailty of the elderly hypertensive patients affected the
intensive therapy outcomes, we could not perform the
analysis for elderly patients with a stroke history, CKD or
frailty due to a lack of trials relevant to the analysis. Only
two RCTs that described composite cardiovascular events
of hypertensive patients with diabetes were identified. The
analysis showed a tendency for a favorable effect of an
intensive therapy on composite cardiovascular events (RR
=0.81, 95% CI: 0.64-1.01, p=0.06) with low hetero-
geneity (P = 0%, p =0.77) (Fig. 2b).

Sensitivity analysis

A sensitivity analysis was performed by excluding the RCT
with a high risk of bias by Wei et al. [24] or ADVANCE
[15], which was a placebo-controlled study that achieved a
systolic blood pressure of 140 mmHg or less unintentionally
in the active treatment group. Corresponding results were
obtained for primary analyses of composite cardiovascular
events, all-cause mortality, cardiovascular death, stroke, and
severe adverse events (Supplemental Fig. 1). Notably, the
sensitivity analysis excluding Wei’s study showed the same
tendency as the primary analysis for composite cardiovas-
cular events (RR =0.90, 95% CI: 0.71-1.14, p = 0.37) with
moderate heterogeneity (P =55%, p=0.06).

Effects in trial subgroups
The funnel plot analysis showed no obvious evidence
of publication bias for the outcomes; however, the

power to detect publication bias was limited because only
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(a) Composite cardiovascular events (all patients)

Intensive less intensive Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
ADVANCE 68 483 92 525 19.7% 0.80[0.60,1.07)
JATOS 56 935 42 934 155% 1.33[0.90,1.97]
SPRINT 102 1317 148 1319 21.9% 0.69 [0.54, 0.88] -
SPS3 32 248 32 246 13.2% 0.99[0.63,1.57)
VALISH 35 925 36 921 13.2% 0.97 [0.61,1.53]
Wei 40 363 67 361 16.5% 0.59 [0.41, 0.85] ==
Total (95% CI) 4271 4306 100.0% 0.84 [0.67, 1.05]
Total events 333 417
Heterogeneity. Tau*= 0.04, Chi*=12.11,df= 5 (P = 0.03), F= 59% k t T t 1
Test for overall effect Z=1.51 (P=013) 0.01 01 1 10 100

Favours [intensive] Favours [less intensive]

(b) Composite cardiovascular events (patients with DM)

Intensive less intensive Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% ClI IV, Rand 95% CI
ADVANCE 93 483 124 525 89.0% 0.82 [0.64,1.04]
VALISH 14 211 17 188 11.0% 0.73[0.37,1.45] —y
Total (95% CI) 694 713 100.0% 0.81[0.64, 1.01] 0
Total events 107 141
Heterogeneity: Tau®= 0.00; Chi*= 0.08, df=1 (P=0.77); F= 0% k t t i
Test for overall effect Z=1.88 (P = 0.06) 0.01 01 1 10 100

Favours [intensive] Favours [less intensive)

(c) All-cause mortality

Intensive less intensive Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight IV, Random, 95% CI IV, Rand 95% Cl
ADVANCE 88 483 104 525 27.8% 092[0.71,1.19] -
SPRINT 73 1317 107 1319 245% 0.68[0.51,0.91] -
SPS3 37 248 40 246 15.4% 0.92[0.61,1.38] —.
VALISH 24 1545 30 1534 10.3% 0.79[0.47,1.35) —=—
Wei 51 363 a7 361 221% 0.58 [0.43, 0.80] -
Total (95% Cl) 3956 3985 100.0% 0.76 [0.63, 0.92] &
Total events 273 368
Heterogeneity: Tau®= 0.02; Chi*= 6.25, df= 4 (P = 0.18); F= 36% I + t i
Testfor overall effect Z= 2.83 (P = 0.005) 001 01 1 10 100

Favours [intensive] Favours [less intensive]

(d) Cardiovascular death

Intensive less intensive Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
ADVANCE 38 483 62 525 38.9% 0.67 [0.45,0.98] —
SPRINT 18 1317 29 1319 16.9% 0.62[0.35,1.11] —==r
SPS3 8 248 17 246 8.5% 0.47[0.21,1.08] ——s—t
VALISH 11 1545 11 1534 8.3% 0.99[0.43, 2.28] —
Wei 25 363 50 361 27.4% 0.50[0.31,0.79] —
Total (95% CI) 3956 3985 100.0% 0.61[0.48, 0.77] -3
Total events 100 169
Heterogeneity: Tau*= 0.00; Chi*= 2.69, df= 4 (P = 0.61); I*= 0% k + + i
Test for overall effect: Z= 4.05 (P < 0.0001) 0.01 0.1 1 10 100
Favours [intensive] Favours [less intensive]
(e) Stroke
Intensive less intensive Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
JATOS 35 935 23 934  206% 1.52[0.91, 2.55) ™
SPRINT 27 1317 34 1319 213% 0.80[0.48,1.31] —
SPS3 27 248 26 246 21.0% 1.03[0.62,1.71) ——
VALISH 16 1545 23 1534 165% 0.69[0.37,1.30] —
Wei 21 363 36 361 206% 0.58[0.35, 0.97) —
Total (95% CI) 4408 4394 100.0% 0.88 [0.63, 1.23]
Total events 126 142
Heterogeneity: Tau®= 0.07; Chi*=7.84, df= 4 (P=0.10), F= 49% I + T y i
Test for overall effect Z= 0.76 (P = 0.45) 0.01 0.1 1 10 100

Favours [intensive] Favours [less intensive]
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(f) Severe adverse events

Intensive less intensive Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
ADVANCE 10 483 12 525 0.8% 0.91 (0.39, 2.08)
SPRINT 637 1317 637 1319 923% 1.00(0.93,1.08)
SPS3 5 248 2 246 0.2%  2.48(0.49,12.66) —
VALISH 87 1545 80 1534 66% 1.08 [0.80, 1.45] ==
Total (95% CI) 3593 3624 100.0% 1.01[0.93, 1.09]
Total events 739 731
Heterogeneity: Tau®= 0.00; Ch*= 1.47, df= 3 (P= 0.69); F= 0% k t t 1
Test for overall effect Z= 0.20 (P = 0.84) 0.01 01 1 10 100
Favours [intensive] Favours [less intensive]

Fig. 2 Effect of intensive BP lowering on risk of composite cardio-
vascular events (all patients) (a), composite cardiovascular events
(patients with DM) (b), all cause mortality (c), cardiovascular death
(d), stroke (e), and severe adverse events. Boxes and horizontal lines

two to six studies were available for each comparison
(Fig. 3).

Effects of intensive therapy resulting in a systolic BP
less than 130 mmHg

Only two RCTs were identified for inclusion in a meta-
analysis of the effects of lowering the systolic BP to less
than 130 mmHg in patients aged 75 years or older [5, 21].
Analysis of these two RCTs showed a trend similar to that
obtained for the six final selected RCTs mentioned above
(Supplemental Fig. 2). Intensive antihypertensive therapy
resulting in a systolic BP less than 130 mmHg showed a
tendency for risk reduction of all-cause mortality (RR =
0.76, 95% CI. 0.58-1.01, p=0.06) and significant risk
reduction for cardiovascular death (RR =0.56, 95% CI:
0.35-0.91, p =0.02). We also found that achieving a sys-
tolic BP less than 130 mmHg did not demonstrate sig-
nificant risk reduction for composite cardiovascular events
and stroke compared with those of the less intensive ther-
apy. Similarly, more intensive therapy did not increase the
risk of severe adverse events.

Discussion

In this SR, we performed a meta-analysis using random-
effects models to investigate whether lowering BP to less
than 140 mmHg was superior to lowering it to a higher level
in terms of improving the clinical outcomes of older
hypertensive patients. As a result, we found that anti-
hypertensive treatments with an on-treatment BP of less
than 140 mmHg attenuated all-cause and cardiovascular
death compared to that of treatments with a higher on-
treatment BP in patients aged 70 years or older. Lowering
BP to less than 140 mmHg also showed a trend for a
reduced incidence of composite cardiovascular events
compared to that of lowering BP to a higher level, but the

represent RR and 95% CI for each trial. Size of boxes is proportional
to weight of that trial result. Diamonds represent the 95% CI for
pooled estimates of effect and are centered on pooled RR

difference was not significant. The analysis of composite
cardiovascular events showed high heterogeneity with a
high /* value for two RCTs with significant reductions in
the events in patients whose BP was lowered to less than
140 mmHg, four RCTs with no significant differences
between the treatments, and no RCT with worse outcomes
in the group with the lower target BP. These trends in favor
of lowering BP to less than 140 mmHg were consistent with
the sensitivity analysis results obtained by excluding the
RCT that did not prespecify the target BP (ADVANCE)
[16] or the RCT that was excluded from the reference SR
due to a high risk of bias [24]. We did not find any dif-
ference in the occurrence of stroke and serious adverse
events between treatments with different magnitudes of the
on-treatment BP. Given that the higher on-treatment BP in
all RCTs analyzed here was less than 150 mmHg and most
participants were aged 75 years or older, the present results
support the superiority of lowering BP to less than 140
mmHg over lowering it to less than 150 mmHg for
improvement of the prognosis of patients aged 75 years or
older.

We also attempted to analyze the effect of lowering BP
to less than 140 mmHg in patients with specific comorbid-
ities. In patients with diabetes, a nonsignificant trend for a
reduction in composite cardiovascular events was observed
in favor of lowering BP to less than 140 mmHg, although
the statistical power was small due to the limited sample
size. We did not perform an analysis for patients with a
previous history of stroke, CKD, and frailty due to insuf-
ficient data for the meta-analysis. When taken together, we
did not find any evidence to recommend a BP target level
different from 140 mmHg in older patients with specific
comorbidities.

Additionally, we found a similar trend in favor of
intensive treatment in the analysis of two RCTs with a
lower target systolic BP of less than 130 mmHg (Supple-
mental Fig. 2). However, this meta-analysis with the
SPRINT [5] and SPS3 [21] trials could not provide solid
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Fig. 3 Funnel plots for each meta-analysis

conclusions concerning whether patients aged 75 years or
older whose BP was 130-139 mmHg should be treated
further to reduce their BP to less than 130 mmHg due to
study limitations. The target BP of the less intensive group
was <140 mmHg in SPRINT and 130-149 mmHg in SPS3.
BP was evaluated by AOBP (automated office BP)
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(b) Composite cardiovascular events
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measurement in SPRINT but was converted to a 5-10
mmHg higher BP when evaluated by common office BP
measurement [27]. Furthermore, the participants of two
RCTs were confined to patients without diabetes and a prior
history of stroke (SPRINT [5]) and patients with a recent
lacunar stroke (SPS3 [21]). Therefore, further investigation
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is required to determine whether the systolic BP should be
lowered to less than 130 mmHg in patients aged 75 years or
older.

Several study limitation need to be considered when
applying the results to clinical practice. First, as mentioned
above, individual data extracted from patients with specific
comorbidities were limited, leading to insufficient analysis
and clarifying the need for individual BP targets for specific
comorbidities. Second, we did not extract data from RCTs
that satisfied the criteria of our analysis but did not provide
age-stratified data for patients aged 70 years or older,
including ACCORD, which compared different BP targets
in diabetic patients [19]. Third, the baseline comorbidities
of the study subjects, including cardiovascular diseases,
were variable among the RCTs. Due to the limited data
availability, we did not perform an analysis by stratifying
patients based on the presence or absence of a history of
cardiovascular disease at baseline. Thus, whether the benefit
of a lower BP target differs between patients with and
without comorbidity burdens remains uncertain.

Fourth, patients who met the exclusion criteria of each
RCT were not included in the analysis. In particular,
patients with dementia and nursing home residents were
excluded from most RCTs. Moreover, the numbers of
patients with advanced frailty and extremely old patients
were conceivably limited in the RCT participants. Thus,
caution should be paid when generalizing the findings to the
entire elderly population.

In summary, the present analysis supports the recom-
mendation that lowering BP to at least 140 mmHg provides
a positive net-benefit in patients aged 70 years or older.
There was no evidence to support the recommendation for
different BP targets in patients with comorbidities. Finally,
the present results are not applicable to the population not
eligible to participate in RCTs, including those with
dementia and/or advanced frailty.
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