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A B S T R A C T

Background

This is the first update of this review first published in 2009. When treating elevated blood pressure, doctors usually try to achieve a blood
pressure target. That target is the blood pressure value below which the optimal clinical benefit is supposedly obtained. “The lower the
better” approach that guided the treatment of elevated blood pressure for many years was challenged during the last decade due to lack
of evidence from randomised trials supporting that strategy. For that reason, the standard blood pressure target in clinical practice during
the last years has been less than 140/90 mm Hg for the general population of patients with elevated blood pressure. However, new trials
published in recent years have reintroduced the idea of trying to achieve lower blood pressure targets. Therefore, it is important to know
whether the benefits outweigh harms when attempting to achieve targets lower than the standard target.

Objectives

The primary objective was to determine if lower blood pressure targets (any target less than or equal to 135/85 mm Hg) are associated
with reduction in mortality and morbidity as compared with standard blood pressure targets (less than or equal to 140/ 90 mm Hg) for the
treatment of patients with chronic arterial hypertension.

The secondary objectives were: to determine if there is a change in mean achieved systolic blood pressure (SBP) and diastolic blood
pressure (DBP associated with "lower targets" as compared with "standard targets" in patients with chronic arterial hypertension; and to
determine if there is a change in withdrawals due to adverse events with "lower targets" as compared with "standard targets", in patients
with elevated blood pressure.

Search methods

The Cochrane Hypertension Information Specialist searched the following databases for randomised controlled trials up to May 2019: the
Cochrane Hypertension Specialised Register, CENTRAL (2019, Issue 4), Ovid MEDLINE, Ovid Embase, the WHO International Clinical Trials
Registry Platform, and ClinicalTrials.gov. We also contacted authors of relevant papers regarding further published and unpublished work.
The searches had no language restrictions.

Selection criteria

Randomised controlled trials (RCTs) comparing patients allocated to lower or to standard blood pressure targets (see above).

Data collection and analysis

Two review authors (JAA, VL) independently assessed the included trials and extracted data. Primary outcomes were total mortality; total
serious adverse events; myocardial infarction, stroke, congestive heart failure, end stage renal disease, and other serious adverse events.
Secondary outcomes were achieved mean SBP and DBP, withdrawals due to adverse eMects, and mean number of antihypertensive drugs
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used. We assessed the risk of bias of each trial using the Cochrane risk of bias tool and the certainty of the evidence using the GRADE
approach.

Main results

This update includes 11 RCTs involving 38,688 participants with a mean follow-up of 3.7 years. This represents 7 new RCTs compared with
the original version.

At baseline the mean weighted age was 63.1 years and the mean weighted blood pressure was 155/91 mm Hg.

Lower targets do not reduce total mortality (risk ratio (RR) 0.95, 95% confidence interval (CI) 0.86 to 1.05; 11 trials, 38,688 participants; high-
certainty evidence) and do not reduce total serious adverse events (RR 1.04, 95% CI 0.99 to 1.08; 6 trials, 18,165 participants; moderate-
certainty evidence). This means that the benefits of lower targets do not outweigh the harms as compared to standard blood pressure
targets. Lower targets may reduce myocardial infarction (RR 0.84, 95% CI 0.73 to 0.96; 6 trials, 18,938 participants, absolute risk reduction
(ARR) 0.4%, number needed to treat to benefit (NNTB) 250 over 3.7 years) and congestive heart failure (RR 0.75, 95% CI 0.60 to 0.92; 5
trials, 15,859 participants, ARR 0.6%, NNTB  167 over 3.7 years) (low-certainty for both outcomes). Reduction in myocardial infarction and
congestive heart failure was not reflected in total serious adverse events. This may be due to an increase in other serious adverse events
(RR 1.44, 95% CI 1.32 to 1.59; 6 trials. 18,938 participants, absolute risk increase (ARI) 3%,  number needed to treat to harm (NNTH) 33 over
four years) (low-certainty evidence).

Participants assigned to a "lower” target received one additional antihypertensive medication and achieved a significantly lower mean
SBP (122.8 mm Hg versus 135.0 mm Hg, and a lower mean DBP (82.0 mm Hg versus 85.2 mm Hg, than those assigned to "standard target".

Authors' conclusions

For the general population of persons with elevated blood pressure, the benefits of trying to achieve a lower blood pressure target rather
than a standard target (≤ 140/90 mm Hg) do not outweigh the harms associated with that intervention. Further research is needed to see
if some groups of patients would benefit or be harmed by lower targets. The results of this review are primarily applicable to older people
with moderate to high cardiovascular risk. They may not be applicable to other populations.

P L A I N   L A N G U A G E   S U M M A R Y

The use of lower blood pressure targets for people with hypertension

Background

We conducted this review to find and assess all trials designed to evaluate whether lower blood pressure targets are better than standard
blood pressure targets for people with hypertension.

The main objective in the treatment of hypertension is to prevent serious vascular complications. For the general population of people with
hypertension, the standard treatment target has been to achieve a blood pressure of less than 140/90 mm Hg. Some clinical guidelines have
recommended stricter control of blood pressure based on the assumption that achieving a lower blood pressure will produce a greater
reduction in cardiovascular events.

Study Characteristics

The evidence is current to May 2019. We included 11 randomised controlled trials involving 38,688 adult participants with arterial
hypertension, aged between 20 and 80 years of age, who received treatment aimed to lower blood pressure to a standard compared to a
lower blood pressure target and followed for mean 3.7 years to detect diMerences in mortality and adverse events.

Key Results

The only significant benefits in the group assigned to 'lower' blood pressure targets was a small reduction in the incidence of heart attack
and a small reduction in the incidence of congestive heart failure. However, the lower target group had an increase in the number of other
serious adverse events. High-certainty evidence showed there was no diMerence in death from any cause or total serious adverse events
with lower as compared to standard blood pressure targets. .

For the general population of persons with elevated blood pressure the small benefits of trying to achieve a lower blood pressure target
rather than a standard target (≤ 140/90 mm Hg) do not outweigh the harms. Further research is needed to see if some groups of patients
would benefit or be harmed by lower targets.
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Summary of findings 1.   Lower BP target compared to standard BP target for hypertension

Lower BP target compared to standard BP target for hypertension

Patient or population: adult patients with hypertension
Setting: outpatient setting
Intervention: lower BP target
Comparison: standard BP target (<=140/<=90)

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

Without lower
BP target

With lower BP
target

Difference

Certainty of
the evidence
(GRADE)

What happens

Study populationTotal mortality
follow-up: mean 3.7 years
№ of participants: 38,688
(11 RCTs)

RR 0.95
(0.86 to 1.05)

4.2% 4.0%
(3.6 to 4.4)

0.2% fewer
(0.6 fewer to 0.2
more)

⊕⊕⊕⊕
HIGH

Lower blood pressure targets do not
reduce mortality.

Study populationTotal serious adverse events
№ of participants: 18165
(6 RCTs)

RR 1.04
(0.99 to 1.08)

29.1% 30.3%
(28.8 to 31.4)

1.2% more
(0.3 fewer to 2.3
more)

⊕⊕⊕⊝

MODERATE1

Lower blood pressure targets do not
reduce total serious adverse events.

Study populationMyocardial infarction
№ of participants: 38,198
(8 RCTs)

RR 0.84
(0.73 to 0.96)

2.5% 2.1%
(1.9 to 2.4)

0.4% fewer
(0.7 fewer to 0.1
fewer)

⊕⊕⊝⊝

LOW 1 2

Lower blood pressure target may re-
duce myocardial infarction slightly.

Study populationStroke
№ of participants: 37,087
(7 RCTs)

RR 0.88
(0.77 to 1.01)

2.5% 2.2%
(1.9 to 2.5)

0.3% fewer
(0.6 fewer to 0 few-
er)

⊕⊕⊝⊝

LOW 1 2 4

It is uncertain whether the lower blood
pressure target reduces stroke slightly
(mainly due to systolic target)

Study populationCongestive heart failure
№ of participants: 15,859
(5 RCTs)

RR 0.75
(0.60 to 0.92)

2.5% 1.9%
(1.5 to 2.3)

0.6% fewer

⊕⊕⊝⊝

LOW 1 2 3

Lower blood pressure target may re-
duce congestive heart failure slightly.

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



B
lo

o
d

 p
re

ssu
re

 ta
rg

e
ts in

 a
d

u
lts w

ith
 h

y
p

e
rte

n
sio

n
 (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

4

(1 fewer to 0.2 few-
er)

Study populationOther serious adverse events
follow up: mean 3.7 years
№ of participants: 18,938
(6 RCTs)

RR 1.44
(1.32 to 1.59)

6.8% 9.8%
(9.0 to 10.9)

3.0% more
(2.2 more to 4
more)

⊕⊕⊝⊝

LOW 1 3

Lower blood pressure target may in-
crease other serious adverse events
(ARI 3.0%)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

ARI: absolute risk increase; CI: Confidence interval; RCT: randomised controlled trial; RR: Risk ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

1 Information is missing for several trials
2 Trials could not be blinded
3 Wide confidence interval
4 EMect with systolic target and diastolic target was heterogeneous.
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B A C K G R O U N D

Description of the condition

Epidemiological studies show a continuous direct relationship
between blood pressure and adverse cardiovascular events
(Prospective Studies Collaboration 2002; Prospective Studies
Collaboration 2007). The relationship has a greater slope with
increasing levels of blood pressure. Therefore, elevated blood
pressure has been identified as one of the major risk factors for
adverse cardiovascular events (Kannel 1996; Rapsomaniki 2014;
Stamler 1993; Stokes 1987). Diastolic blood pressure (DBP) was
originally considered the main risk component. More recently,
systolic blood pressure (SBP) has been considered more important,
because its prognostic value appears greater than that of DBP and it
is observable over all age ranges. Diastolic blood pressure is a clear
risk factor in young people but it disappears or even reverts in older
people.

The absence of an apparent threshold in the association between
blood pressure and cardiovascular events (Prospective Studies
Collaboration 2002) implies that any numerical cut-oM value
above which elevated blood pressure (hypertension) is defined is
arbitrary. The standard for diagnosis of arterial hypertension is
based on consensus recommendations, which attempt to predict
the blood pressure above which it is expected that treatment will
provide more benefit than harm. At the present time the benefits
of treatment has been shown to outweigh the harms for adults
60 years of age and older with moderate to severe hypertension
(Musini 2019). However, the issue has been controversial for
adults with mild hypertension (140-159/90-99 mmHg) (Diao 2012,
Sundström 2015).

The primary goal in the management of patients with elevated
blood pressure is to maximise the reduction in mortality and
morbidity (Mancia 2013). The benefit from drug treatment seems
rather clear when treating substantially elevated blood pressure
(Law 2009), but the lower threshold at which this relationship no
longer applies has not been identified definitively. At the same
time, the benefit from some blood pressure-lowering drugs has
been established in other conditions with normal or even low
blood pressure levels, e.g. angiotensin-converting enzyme (ACE)
inhibitors and beta-blockers in congestive heart failure, or beta-
blockers aVer myocardial infarction. However, in these situations,
the benefit from these drugs has been established with fixed
dosages, without any adjustment to the apparent blood pressure
level or response; furthermore, in those conditions the benefits
could be due to other pathophysiological mechanisms and not only
due to the reduction in blood pressure.

Besides, the potential benefits of treating elevated blood pressure
might be influenced by diMerent factors, such as the profile
of adverse eMects of the antihypertensive drugs and the
patient's overall cardiovascular risk (BPLTTC 2014; Jackson 2005;
Thomopoulos 2014; Zanchetti 2015).

The threshold above which antihypertensive treatment benefits
outweigh harms in patients with elevated blood pressure remains
unclear.

Description of the intervention

The target blood pressure is used in clinical practice as the goal of
antihypertensive therapy. It guides the physician in clinical practice

when making treatment decisions related to the intensity of the
antihypertensive regimen used for each patient. For example, if
the blood pressure is higher than the target, then the practitioner
would increase the antihypertensive treatment by increasing the
dose or adding another drug. The standard target pressure has
generally been the arbitrary threshold blood pressure above which
treatment is recommended. Thus over the years, the standard SBP
target declined from ≤ 160 mm Hg to a target of ≤ 140 mm Hg.
Similarly, the standard DBP target has decreased from ≤ 100 mm Hg
to ≤ 90 mm Hg.

How the intervention might work

It is assumed that treating to lower blood pressure targets with
antihypertensive drugs will achieve the predicted reduction in
cardiovascular morbidity and mortality seen in epidemiological
observational studies. However, elevated blood pressure can
be considered as a marker of vascular disease and aggressive
reduction in blood pressure does not necessarily mean that
the pathological and functional vascular abnormalities already
established will be reversed. In fact, some trials not designed
to compare blood pressure targets have shown that achieving
lower blood pressures does not necessarily provide an additional
reduction in cardiovascular mortality and morbidity (ONTARGET
2008).

Why it is important to do this review

The trend toward “the lower the pressure the better” was a
dominant concept in the treatment of hypertension for many years,
especially for patients considered to be at higher risk, such as
people with diabetes, chronic renal disease, or ischaemic heart
disease (AHA 2007; BHS 2004; ESH-ESC 2007; JNC 7 2003; K/DOQI
2004; Laurent 2004; WHO/ISH 2003). That concept was mainly
based on observational data and on retrospective analyses of
outcome trials. However, the only way to prove that a lower
blood pressure target is beneficial is through clinical trials where
patients are randomised to diMerent treatment targets. The first
version of this Cochrane Systematic Review and meta-analysis
of randomised controlled clinical trials (Arguedas 2009) found
that in the general population of patients with hypertension,
treating to blood pressure targets lower than 135/85 mm Hg
by pharmacological means did not result in lower mortality or
cardiovascular morbidity as compared with standard targets (lower
than 140 mm Hg to 160 mm Hg SBP and lower than 90 mm Hf to
100 mm Hg diastolic). Therefore, the assumption that treating to
lower targets would provide a greater reduction in cardiovascular
risk, as suggested by epidemiological studies, was not proven, and
“the lower the better” strategy in hypertension was challenged
(Arguedas 2010; Filippone 2011; Grossman 2011).

The results of that previous Cochrane Systematic Review were
based mainly on diastolic targets, since systolic targets were
only marginally expressed in two trials aiming for targets defined
according to mean arterial blood pressure. Two additional
Cochrane Reviews including only patients with diabetes (Arguedas
2013) or with established cardiovascular disease (Saiz 2020)
concluded that evidence from randomised trials does not support
blood pressure targets lower than the standard targets in people
with elevated blood pressure and those conditions.

Due to the lack of evidence, several clinical guidelines abandoned
"the lower the better" strategy, and set a general standard target

Blood pressure targets in adults with hypertension (Review)
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of less than 140/90 mm Hg for patients with hypertension (ADA
2016; ASH/ISH 2014; JNC 8 2014; Mancia 2013; NICE 2011), with the
exception related to elderly patients, for whom a higher systolic
target of < 150 mm Hg was suggested in one guideline (JNC 8 2014).

However, several trials and review analyses published later re-
introduced the controversy of aiming for lower blood pressure
targets (Ettehad 2016; Heimark 2018; Laurent 2016; SPRINT 2015;
Xie 2016). Despite criticism (Kaul 2018), the lower target is
recommended again in some clinical guidelines (AACE 2019, ACC/
AHA 2017), while other guidelines maintain the standard target
(NICE 2019). Finally, some other guidelines recommend a blood
pressure target  below 140/90 mm Hg in all patients, but also
suggest a target below 130/80 mm Hg under certain circumstances
such as diabetes or chronic kidney disease (ESC/ESH 2018, ADA
2019, Hypertension Canada 2020).

Attempting to achieve lower blood pressure targets has several
consequences. The most obvious is the need for larger doses
or an increased number of antihypertensive drugs. This has an
adverse impact on patients in terms of inconvenience and costs.
More drugs and higher doses will also increase adverse drug
eMects and could lead to higher rates of permanent treatment
discontinuation (Thomopoulos 2016 b). Besides, serious adverse
eMects could cancel any potential benefits associated with any
lower blood pressures achieved (Bangalore 2010; Dorresteijn 2012;
Lund-Johansen 2003; Ortiz 2016; Sleight 2009; Voko 1999; Zanchetti
2003).

The importance of this review is to update the 2009 review,
including all randomised controlled trials (TCTs) where patients
with elevated blood pressure were randomised to lower targets (<
135/85 mm Hg) as compared with the standard targets (< 140/90
mm Hg). Trials with treatment targets higher than the standard
targets were excluded.

O B J E C T I V E S

Primary objective

To determine if there is a reduction in total mortality and morbidity
associated with treatment of blood pressure to "lower targets" as
compared with "standard targets" in the management of patients
with chronic arterial hypertension. "Lower targets" are defined
as blood pressure targets less than or equal to 135/85 mm Hg.
"Standard targets" are defined as blood pressure targets less than
or equal to 140/90 mm Hg.

Secondary objectives

1. To determine if there is a change in mean achieved systolic blood
pressure (SBP) and diastolic blood pressure (DBP) associated
with "lower targets" as compared with "standard targets" in
patients with chronic arterial hypertension.

2. To determine if there is a change in withdrawals due to
adverse eMects with "lower targets" as compared with "standard
targets", in patients with elevated blood pressure.

3. To determine the mean number of antihypertensive drugs
used to achieve the blood pressure targets

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered only randomised controlled clinical trials. Trials
cannot be blinded as to blood pressure targets because the treating
physicians must know the target to which each patient has been
assigned in order to make the proper adjustment in the therapy to
achieve the blood pressure goal.

All trials that reported any of the outcomes were included. Trials
were not limited by any concomitant disease, other factor or
baseline cardiovascular risk. There was no language restriction.

Types of participants

Participants were adults (>18 years) with elevated blood pressure
documented in a standard way on at least two occasions, or already
receiving treatment for elevated blood pressure, irrespective of the
baseline blood pressure.

Types of interventions

Trials were included if individuals were randomised to a "lower"
target SBP/DBP (≤ 135/85 mm Hg) as compared with a "standard"
target blood pressure (≤ 140/90 mm Hg).

Types of outcome measures

This review focuses on mortality and morbidity outcomes

Primary outcomes

1. All-cause mortality plus cardiovascular and non-cardiovascular
mortality separately.

2. Total serious adverse events (total serious morbidity and
mortality).

3. Cardiovascular serious adverse events: myocardial infarction,
stroke, congestive heart failure, end-stage renal failure. A
composite of total cardiovascular events was not possible
because it was not reported consistently in the diMerent trials.

4. All other serious adverse events.

Secondary outcomes

1. Systolic blood pressure (SBP) achieved

2. Diastolic blood pressure(DBP) achieved

3. Withdrawals due to adverse eMects

4. Number of antihypertensive drugs needed per patient

Search methods for identification of studies

Electronic searches

Searching other resources

Electronic searches

The Cochrane Hypertension Information Specialist searched the
following databases  without language  or publication status
restrictions:

1. Cochrane Hypertension Specialised Register via the Cochrane
Register of Studies (CRS-Web) (searched 29 May 2019);

Blood pressure targets in adults with hypertension (Review)
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2. Cochrane Central Register of Controlled Trials (CENTRAL) (2019,
Issue 4, 2019) via the Cochrane Register of Studies (CRS-
Web) (searched 29 May 2019);

3. Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions(R) (searched 29 May
2019);

4. Embase Ovid (from 1974 onwards) (searched 29 May 2019);

5. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov  (www.clinicaltrials.gov)  (searched 28 May
2019);

6. World Health Organization International Clinical Trials Registry
Platform (https://apps.who.int/trialsearch)  (searched 28 May
2019).

The Information Specialist modelled subject strategies for
databases on the search strategy designed for MEDLINE.  Where
appropriate, they were combined with subject strategy adaptations
of the highly sensitive search strategy designed by Cochrane
for identifying randomised controlled trials (as described in the
Cochrane Handbook for Systematic Reviews of Interventions Version
6, (Higgins 2019). We present search strategies for major databases
in Appendix 1.

Searching other resources

1. The Cochrane Hypertension Information Specialist searched
the Hypertension Specialised Register segment (which includes
searches of MEDLINE,  Embase, and Epistemonikos  for
systematic reviews) to retrieve existing reviews relevant to this
systematic review, so that we could scan their reference lists
for additional trials.  The Specialised Register also includes
searches for controlled trials in the Allied and Complementary
Medicine Database (AMED), CAB Abstracts & Global Health,
CINAHL, ProQuest Dissertations & Theses and Web of Science.

2. We checked the bibliographies of included studies and any
relevant systematic reviews identified for further references to
relevant trials.

3. Where necessary, we contacted authors of key papers and
abstracts to request additional information about their trials.

4. We searched clinical study reports for additional information
about relevant trials.

5. We searched ISI Web of Science for papers which cite studies
included in the review.

Data collection and analysis

Two review authors (JAA, VL) assessed search results
independently.

Selection of studies

Two reviewers (JAA, VL) independently assessed the eligibility of
the trials, resolving discrepancies by discussion, or by recourse to a
third individual if necessary.

Data extraction and management

Two review authors (JAA, VL) independently extracted data from
the included trials. For the synthesis and analysis of the data,
we used Cochrane review manager soVware, RevMan 5.3.5.
Quantitative analyses of outcomes was based on the intention-to-
treat principle.

Assessment of risk of bias in included studies

Two review authors (JAA, JMW) independently performed the
assessment of risk of bias for each study, using the six domains of
Cochrane's 'Risk of bias' tool according to the method described
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2019).

Measures of treatment e7ect

We used the risk ratio (RR) and a fixed-eMect model to combine
outcomes across trials. We calculated absolute risk reduction (ARR)
and absolute risk increase (ARI) when there was a significant
diMerence between treatments for any outcome. We calculated
the number needed to treat for an additional beneficial outcome
(NNTB) and the number needed to treat for an additional harmful
outcome (NNTH) in order to estimate the number of patients
needed to treat to provide one additional benefit or to produce one
additional harm, respectively.

Unit of analysis issues

The analysis of outcomes was based on randomised participants
according to the intention-to-treat-principle.

Dealing with missing data

We tried to contact authors in case of missing information in the
retrieved articles.

Assessment of heterogeneity

We used the Chi2 and I2 statistics to test for heterogeneity of

treatment eMect between the trials (Higgins 2003). A Chi2 value less

than 0.05 or an I2 value greater than 50% was considered indicative
of significant heterogeneity. If significant heterogeneity existed, we
attempted to explain the cause of the heterogeneity.

Assessment of reporting biases

We planned to construct a funnel plot to test for asymmetry when
10 or more studies were identified for any comparison.

Data synthesis

Two review authors analysed and reported data using RevMan.

Subgroup analysis and investigation of heterogeneity

We set up the systolic targets and diastolic targets as subgroups so
it is possible to see the data separately for each target. We aimed to
investigate for heterogeneity in achieved blood pressures.

Sensitivity analysis

A sensitivity analysis was performed including only trials
comparing SBP <130 mm Hg versus < 140 mm Hg.

Summary of findings and assessment of the certainty of the
evidence

We used Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach to assess the certainty of the
supporting evidence behind each estimate of treatment eMect
(Schunemann 2019a  ; Schunemann  2019b). We presented key
findings of the review, including a summary of the amount of data,
the magnitude of the eMect size and the overall certainty of the
evidence, in the Summary of findings 1.

Blood pressure targets in adults with hypertension (Review)
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R E S U L T S

Description of studies

This review included 11 randomised open label trials studying
38,688 participants.

Results of the search

The search identified 8107 records. There remained 5474
publications aVer partial screening and removal of duplicates by
the information specialist. Most of these publications were rejected
aVer reading the abstract or the complete report. These leV 28
studies that seemed appropriate for this systematic review. The
detailed analysis of those 28 studies revealed 11 randomised
controlled trials (RCTs) that met the inclusion criteria and 17 RCTs
did not meet the inclusion criteria (Figure 1).
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Figure 1.   6Study flow diagram.

 

Blood pressure targets in adults with hypertension (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Included studies

Only two trials (Schrier 2002, SMAC-AF 2017) compared clinical
outcomes associated with both systolic blood pressure (SBP) and
diastolic blood pressure (DBP) targets within our definitions for
“lower” and “standard” targets; for analyses, those two trials were
combined with trials comparing SBP targets. Five trials (ACCORD
2010; Cardio-Sis 2008; PAST-BP 2016; SPRINT 2015; SPS3 2013)
compared clinical outcomes associated with diMerent SBP targets
within our definitions for “lower” and “standard” targets. Four
trials (Toto 1995, HOT 1998, ABCD (H) 2000, REIN-2 2005) compared
clinical outcomes associated with diMerent DBP targets meeting
our definitions for “lower” and “standard” targets.

a. Methods

The included trials were open-label RCTs. In most of the trials
an independent end point committee, which was blinded to the
study intervention arms, reviewed the cardiovascular events; this
condition was not mentioned in three studies (PAST-BP 2016;
Schrier 2002; Toto 1995).

Some studies used a 2 x 2 factorial design. For that reason, in
those studies participants were also randomised to: intensive or
standard glycaemic control (ACCORD 2010), two antiplatelet agents
(SPS3 2013), two diMerent antihypertensive drugs (ABCD (H) 2000);
placebo or enalapril (Toto 1995); placebo or acetylsalicylic acid
(HOT 1998).

The studies included participants from more than 25 countries from
Asia, Europe, North America and South America.

The mean follow-up period varied from one to seven years. The
mean weighted follow-up was 3.7 years.

b. Participants

The total number of participants included in the 11 trials was
38,688. Given the mean follow-up duration, that number represents
143,145 patient-years.

The trials included people between the ages of 20 and 80 years. The
weighted mean age at baseline was 63.1 years.

The inclusion criteria varied among the trials (see Characteristics
of included studies table). However, an additional major
cardiovascular risk factor was required to be included in most of the
trials.

ACCORD 2010 and ABCD (H) 2000 only included people with
diabetes. On the contrary, diabetics were excluded in SPRINT 2015
and in Cardio-Sis 2008. The number of participants with diabetes
at baseline was not reported in some of the smaller trials; with
the available information, at least 7863 participants (20.3%) had
diabetes at baseline.

Nephropathy was an inclusion criterion in REIN-2 2005, Schrier
2002, and Toto 1995. A previous recent lacunar stroke was required
to be included in SPS3 2013. Atrial fibrillation was an inclusion
criteria in SMAC-AF 2017.

The number of participants with established cardiovascular disease
at baseline was not reported in some of the smaller trials. With
the available information, at least 9153 participants (23.7%) were
secondary prevention at baseline.

Many of the participants were already taking antihypertensive
drugs on study entry. The baseline blood pressure required for
inclusion also varied (see Characteristics of included studies table).
Briefly, a specific SBP was required for inclusion in Schrier 2002 (>
140 mm Hg), Cardio-Sis 2008 (>150 mm Hg), SMAC-AF 2017 (>130
mm Hg), and SPRINT 2015 (between 130 mm Hg and 180 mm Hg).
Similarly, a specific DBP was required for inclusion in ABCD (H) 2000
(≥ 90 mm Hg), HOT 1998 (between 100 mm Hg and 115 mm Hg),
Schrier 2002 (> 90 mm Hg), and Toto 1995 (> 95 mm Hg). There were
no restrictions regarding baseline blood pressure in ACCORD 2010,
SPS3 2013, and REIN-2 2005. The mean weighted blood-pressure at
baseline was 155/91 mm Hg.

c. Interventions

For trials comparing SBP targets seeTable 1.

Participants in ACCORD 2010 were randomly assigned to intensive
therapy that targeted SBP of less than 120 mm Hg or standard
therapy that targeted SBP of less than 140 mm Hg.

Participants in Cardio-Sis 2008 were randomly assigned to tight
control that targeted SBP of less than 130 mm Hg or usual control
that targeted SBP of less than 140 mm Hg.

Participants in SPS3 2013 were randomly assigned to more
intensive therapy that targeted SBP of less than 130 mm Hg or less
intensive therapy that targeted SBP between 130 mm Hg and 149
mm Hg.

Participants in SPRINT 2015 were randomly assigned to intensive
treatment that targeted SBP of less than 120 mm Hg or standard
treatment that targeted SBP of less than 140 mm Hg.

Participants in PAST-BP 2016 were randomly assigned to intensive
treatment that targeted SBP of less than 130 mm Hg or 10 mm Hg
reduction from baseline if it was < 140 mm Hg or standard treatment
that targeted SBP of less than 140 mm Hg.

Participants in SMAC-AF 2017 were randomly assigned to aggressive
treatment that targeted SBP of less than 120 mm Hg or standard
treatment that targeted SBP of less than 140 mm Hg.

Participants in Schrier 2002 were randomly assigned to rigorous
therapy that targeted SBP of less than 120 mm Hg or standard
therapy that targeted SBP between 135 mm Hg and 140 mm Hg.

For trials comparing DBP targets see Table 2.

Participants in ABCD (H) 2000 were randomly assigned to intensive
treatment with a DBP goal of 75 mm Hg or moderate treatment with
a DBP goal of 80 mm Hg to 89 mm Hg.

Participants in HOT 1998 were randomly assigned to two lower DBP
target groups: less than or equal to 85 mm Hg, and less than or equal
to 80 mm Hg as compared to a standard target less than or equal
to 90 mm Hg.

Participants in REIN-2 2005 were randomly assigned to intensified
blood pressure control (< 130/80 mm Hg) or conventional blood
pressure control (DBP < 90 mm Hg).

Participants in Toto 1995 were randomly assigned to strict blood
pressure control (DBP between 65 mm Hg and 80 mm Hg) or
conventional control (DBP between 85 mm Hg and 95 mm Hg).

Blood pressure targets in adults with hypertension (Review)
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d. Outcomes

The primary outcome varied among the trials. It was a composite
of cardiovascular events in HOT 1998, ACCORD 2010, and SPRINT
2015. It was recurrent stroke in SPS3 2013, and progression
to end-stage renal disease (ESRD) in REIN-2 2005. Surrogate
markers of cardiac or renal function were the primary outcome
in the remaining trials. All trials included individual or composite
cardiovascular events as secondary outcomes. In no trial was
mortality a primary outcome.

The criteria used to define outcomes could vary between studies;
for example, some studies reported silent myocardial infarctions
separately.

e. Additional notes

Trials comparing diastolic targets were published between 1995
and 2006, whereas trials comparing systolic targets were published
between 2002 and 2017.

The types of antihypertensive drugs used varied among the trials.

Excluded studies

AASK 2002

One thousand and ninety-four participants, self-identified as
African-Americans, with diminished glomerular filtration rate, were
included in this randomised, open-label, controlled trial. They were
randomly assigned to a “usual”- or “lower-blood pressure” group.
“Usual” meant arterial pressure was defined as a mean arterial
pressure between 102 mm Hg and 107 mm Hg. “Lower” mean
arterial pressure was defined as a mean arterial pressure ≤ 92 mm.

This trial was not included because any given value of mean arterial
pressure may represent many diMerent combinations of SBP and
DBP, and therefore cannot be precisely associated with the SBP and
DBP ranges specified for this review.

ABCD-N 2002

A randomised, open-label, controlled trial that included 480
diabetic patients. Participants were randomised to "intensive" or
"moderate" treatment.

This trial was excluded because most of the participants were
normotensive, defined as a baseline DBP between 80 mm Hg and 89
mm Hg and who were not receiving antihypertensive medications
at the randomisation visit. It also included 26 patients with isolated
systolic hypertension, but their distribution and their outcomes
were not reported separately.

ABCD-2V 2006

This trial included 129 type-2 diabetic participants with a SBP < 140
mm Hg, a DBP between 80 mm Hg and 90 mm Hg, and without
evidence of overt albuminuria. Participants were randomised to
either intensive blood pressure control aiming for a DBP goal of 75
mm Hg or to moderate blood pressure control aiming to maintain
DBP between 80 mm Hg and 90 mm Hg.

It was excluded because it only included normotensive
participants.

ATACH-2 2016

This trial included 1000 patients with acute intracerebral
haemorrhage. They were randomised to intensive treatment (SBP
target of 110 mm Hg to 139 mm Hg) or to standard treatment (SBP
target of 140 mm Hg to 179 mm Hg).

It was excluded for several reasons: it included only patients with
a special condition diMerent from treatment of chronic arterial
hypertension, the follow-up period (three months) was shorter
than specified for this review, and the intensive treatment interval
included SBP values greater than specified for our standard target.

BBB 1994

A randomised, open-label, controlled trial involving 2127
hypertensive patients aged 45 to 67 years. To be included,
participants had to be receiving antihypertensive treatment, and
their treated DBP on at least three consecutive visits were in the
range between 90 mm Hg and 100 mm Hg. Participants were
randomised to “intensified” or “unchanged” therapy. In the group
allocated to “intensified” treatment, the purpose was to reduce
DBP to less than or equal to 80 mm Hg. In the group allocated to
“unchanged” therapy, the aim was to maintain theDBP in the range
of 90 mm Hg to 100 mm Hg.

This study, which showed no diMerence in morbidity or mortality
outcomes between the target groups, was excluded from this
meta-analysis because the number of patients randomised to each
treatment arm was not reported.

CHIPS 2015

This trial included 987 women with pre-existing or gestational
hypertension. Participants were randomised to tight-control (DBP
< 85 mm Hg) or less-tight control (DBP < 100 mm Hg). This
trial was excluded because it compared blood pressure targets
during pregnancy and it looked at diMerent outcomes due to
the short follow-up period. Besides, gestational hypertension is
a very diMerent condition than chronic hypertension in terms of
pathogenesis and prognostic implications.

HDS 1996

758 hypertensive diabetic patients were included in this
randomised trial. This trial compared “tight control” of blood
pressure (aiming at < 150/85 mm Hg), with “less tight
control” (aiming at < 180/105 mm Hg). This trial was excluded
from the review for the same reasons as the UKPDS 1998 trial.
Furthermore, it is likely that participants in this trial represent a
subgroup of patients included in UKPDS 38, because the study
design is similar and the authors are the same.

HOMED-BP 2012

In this trial 3518 hypertensive patients were randomised to usual
control (125-134/80-84 mm Hg) or tight control (<125/< 80 mm
Hg) according to blood pressure self-measurement at home. This
trial was excluded because measurements and targets are diMerent
when blood pressure is measured at home.

JATOS 2008

Blood pressure targets in adults with hypertension (Review)
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This trial included 4418 Japanese hypertensive patients older than
65 years. Participants were randomised to SBP < 140 mm Hg or
SBP between 140 mm Hg and 160 mm Hg. This study showed no
diMerence in morbidity or mortality outcomes between the target
groups. It was not included because none of the targets in this
trial were within the values considered as "lower target" in our
systematic review.

Lewis 1999

This randomised controlled trial included 129 patients with type
1 diabetes mellitus and diabetic nephropathy who were randomly
assigned to a mean arterial blood pressure (MAP) goal less than or
equal to 92 mm Hg or a MAP goal between 100 mm Hg and 107 mm
Hg. The primary outcomes in this trial were surrogate markers of
renal function in order to determine the impact of assignment to
diMerent levels of blood pressure control on the course of type 1
diabetic nephropathy.

It was excluded for several reasons. Blood pressure targets were
defined according to MAP. Besides, it did not provide data on any
of the main outcomes defined for this systematic review. The only
reported clinical event was end-stage renal disease (ESRD). Twelve
patients reached ESRD, but the distribution of those according
to the blood pressure target assigned was not provided. It also
reported achieved blood pressure but as mean arterial pressure,
not asSBP and/orDBP achieved.

MDRD 1995

Eight hundred and forty participants with chronic renal disease
were included in this randomised, open-label, controlled trial. They
were randomly assigned to a “usual”- or “low-blood pressure”
group. “Usual blood pressure” was defined as a mean arterial
pressure ≤ 107 mm Hg for patients < 60 years of age, and ≤ 113
mm Hg for > 60 years. “Low blood pressure” was defined as a mean
arterial pressure ≤ 92 mm Hg for patients < 60 years of age, and ≤ 98
mm Hg for > 60 years.

This trial was not included because any given value of mean arterial
pressure may represent many diMerent combinations of SBP and
DBP, and therefore cannot be precisely associated with the SBP and
DBP ranges specified for this review.

SANDS 2008

This was a randomised, open-label, blinded-to-end-point study
performed in 499 American Indians with diabetes and no prior
cardiovascular events. The primary end point was progression
of atherosclerosis determined by ultrasonographic measurement
of the common carotid artery intimal medial thickness. The
incidence of clinical events was a secondary outcome. Patients
were randomised to standard or aggressive treatment groups. The
standard treatment was designed as a SBP target of 130 mm Hg
or lower and low-density lipoprotein cholesterol (LDL-C) target of
100 mg/dL or lower, whereas aggressive treatment was defined as
a SBP target of 115 mm Hg or lower and LDL-C target of 70 mg/dL
or lower.

This trial was not included because the dual intervention does
not allow discrimination of the events specifically associated with
a lower blood pressure target. Besides, both SBP targets in this
trial were within the values considered as "lower targets" in our
systematic review.

Solomon 2010

Two-hundred and twenty-two participants, with uncontrolled
hypertension, preserved ejection fraction, and diastolic
dysfunction, were randomised to two targeted treatment
strategies: “intensive”, with a SBP target < 130 mm Hg, or
“standard”, with a SBP target < 140 mm Hg. It compared changes
in echocardiographic parameters for diastolic dysfunction aVer 24
weeks of treatment.

This trial was not included because it did not provide any
information regarding mortality or cardiovascular events.

Steno-2 2003

This was a randomised, open-label, parallel study. Eighty
patients with type-2 diabetes were randomly assigned to receive
conventional treatment in accordance with national guidelines
in Denmark, and 80 patients to receive intensive treatment. The
intensive treatment arm included stepwise implementation of
behaviour modification and pharmacological therapy that targeted
more strict values for SBP (< 140 mm Hg during the initial seven
years and < 130 mm Hg during the last two years in the intensive
treatment arm versus < 160 mm Hg and < 135 mm Hg, respectively
in the conventional treatment arm) and DBP (< 85 mm Hg during
the initial seven years and < 80 mm Hg during the last two years
in the intensive treatment arm vs < 95 mm Hg and 85 mm Hg,
respectively in the conventional treatment arm), but also more
strict targets for glycosylated haemoglobin, fasting total serum
cholesterol and fasting serum triglycerides, treatment with an ACE
inhibitor irrespective of blood pressure, and aspirin therapy for
patients with peripheral artery disease, and also aspirin therapy
for patients without coronary artery disease or without peripheral
artery disease during the last 2 years.

This trial was not included because the multifactorial intervention
prevented any inference as to whether any diMerence in clinical
outcomes could be attributed to a lower blood pressure target or to
any of the other combined interventions.

UKPDS 1998

This RCT included 1184 hypertensive diabetic patients comparing
“tight control” of blood pressure with “less tight control”. The “tight
control” group aimed at a blood pressure of < 150/85 mm Hg. In the
“less tight control” group the target was originally set at < 200/105
mm Hg, but was reduced to < 180/105 mm Hg five years aVer the
start of the trial.

This study was excluded because the target for SBP in the
“tight control” group was higher than stated in our protocol.
In addition, and more important, the targets for both SBP and
DBP in the “less tight control group” were much higher than
specified in the protocol for this systematic review. These “less
tight” pressures are similar to the escape criteria in most placebo or
no treatment controlled antihypertensive trials, and much higher
than conventional goals prevalent since the 1970's.

VALISH 2010

This trial included 3260 hypertensive patients between 70 and 84
years old. They were randomised to SBP < 140 mm Hg or SBP
between 141 mm Hg and 150 mm Hg. This study showed no
diMerence in morbidity or mortality outcomes between the target

Blood pressure targets in adults with hypertension (Review)
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groups. It was not included because neither target in this trial was
within the values considered as "lower targets" in our systematic
review.

Wei 2013

This was a randomised, open-label, blinded-to-end-point study
performed in 724 Chinese hypertensive patients older than 70
years. Patients were randomised to intensive treatment defined as
less than 140/90 mm Hg, or standard.treatment defined as less than
150/90 mm Hg.

This trial was not included because neither target in this trial was
within the values considered as "lower targets" in our systematic
review.

Risk of bias in included studies

The 'Risk of bias' summary for each trial is shown in figure 2.

Allocation

In six trials (ACCORD 2010; Cardio-Sis 2008; HOT 1998; Schrier 2002;
SPRINT 2015; SPS3 2013) randomisation was performed centrally
and computer-generated and were therefore considered low risk of
bias. The method of randomisation was not described in the other
trials.

Blinding

None of the trials was blinded to blood pressure goal because of
the need to titrate treatment to achieve the specific target (high
risk of performance bias). In most of the trials an independent
end point committee, which was blinded to the study intervention
arms, reviewed the cardiovascular events; this condition was not
mentioned in the Toto 1995 and Schrier 2002 trials (low to unclear
risk of detection bias).

Incomplete outcome data

In the HOT 1998 trial, 2.6% of the patients were lost to follow-
up, and they were equally distributed between the target arms. In

ACCORD 2010, 4.9% were lost to follow-up, and their distribution
is not known. In SPS3 2013 3% were lost to follow-up, and their
distribution was not reported. In Cardio-Sis 2008 only one patient,
allocated to usual control, was lost to follow-up. In SPRINT 2015,
245 participants were lost to follow-up; 111 were allocated to the
intensive treatment group and 134 to the standard treatment. In
REIN-2 2005 6 patients (four in the conventional control group and
two in the intensified control group) were lost to follow-up (one and
two of them, respectively never took study drugs). In PAST-BP 2016,
16% of participants withdrew from the trial (20% in the intensive
treatment arm and 12% in the standard treatment arm). In SMAC-AF
2017 3 participants were lost to follow-up; one was allocated to the
intensive treatment group and two to the standard treatment. No
specific information about dropouts was provided in the remaining
trials reports.

Selective reporting

Some of the outcomes were not evaluated or reported in the trials.
The most important example of potential selective reporting bias
is total serious adverse events, because they were not uniformly
recorded.

Other potential sources of bias

In Toto 1995, the exclusion of patients not able to achieve the lower
target during the randomisation period is a limitation of the trial
as the results are only relevant to "responders" as defined in that
study.

SPRINT 2015 was terminated early for benefit. SPRINT 2015 also
used a blood pressure measurement strategy that could provide
blood pressure values lower than expected from traditional oMice
measurement strategies (Agarwal 2017, Kjeldsen 2016).

Several studies were industry funded. The summary of the 'Risk of
bias' judgements in shown in Figure 2.
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Figure 2.   'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.
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E7ects of interventions

See: Summary of findings 1 Lower BP target compared to standard
BP target for hypertension

We present the results according to the Cochrane Hypertension
Group standard hierarchy of outcomes. Several outcomes were
not reported in the published trials. Missing information was
requested by e-mail sent to the main authors of each trial, but
some information was not obtained. Some additional information,
not included in the original published reports, was provided by
the Blood Pressure Lowering Treatment Trialists' Collaboration
(BPLTTC 2003). We have reported the data by pooling the results
from the systolic target and the diastolic target trials below and in
the Summary of findings 1. We have done this for three reasons.
1) Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
are not independent variables. Any intervention that aMects systolic
pressure also aMects diastolic pressure in the same direction. 2) For
most of the outcomes the results for the systolic target and diastolic
target were homogeneous (see Data and analyses). 3) Pooling all
the data provides a more robust estimate of the eMect size.

1.1 Total mortality: systolic and diastolic targets

There was no diMerence in total mortality between the “lower
target” and the “standard target” groups (risk ratio (RR) 0.95, 95%
confidence interval (CI) 0.86 to 1.05, P = 0.32; 11 trials, 38,688
participants; high-certainty evidence; Analysis 1.1).

1.2 Cardiovascular (CV) mortality: systolic and diastolic targets

There was no diMerence in CV mortality between the “lower target”
group and the "standard target" groups (RR 0.90, 95% CI 0.76 to
1.06, P = 0.21; 9 trials, 37,500 participants; Analysis 1.2).

1.3 Non-cardiovascular (CV) mortality: systolic and diastolic
targets

There was no diMerence in non-CV between the “lower target” and
the “standard target” groups (RR 1.02, 95% CI 0.88 to 1.18, P = 0.82;
9 trials, 37,500 participants; Analysis 1.3).

1.4 Total serious adverse events (as best determined, see
Discussion): systolic and diastolic targets

There was no diMerence in total serious adverse events between
the “lower target” and the “standard target” groups (RR 1.04, 95%
CI 0.99 to 1.08, P = 0.10; 6 trials, 18,165 participants; moderate-
certainty evidence; Analysis 1.4).

1.5 Myocardial infarction: systolic and diastolic targets

There was a reduced incidence of myocardial infarction in the
“lower target” group than the "standard target" group (RR 0.84, 95%
CI 0.73 to 0.96, P = 0.01; 8 trials, 38,198 participants; low-certainty
evidence; Analysis 1.5).

The incidence of myocardial infarction was 1,82% in the "lower
target" group and 2,55% in the "standard target group": absolute
risk reduction 0.73 %, NNTB 137 for a mean of 3.7 years.

1.6 Stroke: systolic and diastolic target

There was a numerically lower incidence of stroke in the “lower
target” group than the "standard target" group (RR 0.88, 95% CI
0.77 to 1.01, P = 0.07; 7 trials, 37,087, participants; low-certainty
evidence; Analysis 1.6). This was driven by the lower systolic target.

For this outcome there was significant heterogeneity between the

subgroups: I2 = 73%.

1.7 Congestive heart-failure: systolic and diastolic targets

There was a significantly lower incidence of congestive heart failure
in the “lower target” group (RR 0.75, 95% CI 0.60 to 0.92, P = 0.007;
5 trials, 15,859 participants; low-certainty evidence; Analysis 1.7),
primarily due to the SPRINT 2015 trial.

The incidence of congestive heart failure was 1,84% in the "lower
target" group and 2,47% in the "standard target group": absolute
risk reduction 0,63 %, NNTB 159 for a mean of 3.7 years.

1.8 End-stage renal disease: systolic and diastolic targets

There was no diMerence in end-stage renal disease between the
“lower target” and the “standard target” groups (RR 1.06, 95% CI
0.83 to 1.37, P = 0.64; 6 trials, 14,768 participants; Analysis 1.8).

1.9 All other serious adverse events: systolic target

There was a significantly higher incidence of other serious adverse
events in the "lower target" group than the "standard target"
group (RR 1.44, 95% CI 1.32 to 1.59, P < 0.00001; 6 trials, 18,938
participants; low-certainty evidence; Analysis 1.9). The incidence
of all other serious adverse events was 9.8% in the “lower target”
group and 6.8% in the “standard target” group: absolute risk
increase 3%, NNTH 33 for 3.7 years.

This outcome was not reported in any of the trials comparing
diastolic targets.

1.10 Systolic blood pressure (SBP)achieved: systolic and
diastolic targets

Heterogeneity between trials was high for this outcome, basically
due to two small trials (Cardio-Sis 2008; PAST-BP 2016) in which
the mean diMerence in achieved blood pressure between arms
was small. Using the random-eMects model, the achieved SBP was
significantly lower in the “lower target” group than in the “standard
target” group: P < 0.00001.

The fixed-eMect model provides the best estimate of average
magnitude of the diMerence between the SBP in the two groups.
For trials comparing systolic targets: 122.9 mm Hg in the "lower
target" group versus 135.0 mm Hg in the "standard target" group,
(MD 12.10 mm Hg, 95% CI -12.45 to -11.74), P < 0.00001; 7 trials,
19,013 participants; Analysis 1.10.1).

For trials comparing diastolic targets, the SBP achieved was also
significantly lower in the “lower target” group than in the “standard
target” group: 140.1 versus 143.3 mm Hg, (MD 3.29, 95% CI -3.63,
-2.96), P < 0.00001; 4 trials, 19,675 participants; Analysis 1.10.2).

For all trials, the MD in SBP achieved in the two groups wasMD
-7.52 mm Hg, 95% CI -7.76 to -7.27, P < 0,00001; 11 trials, 38,688
participants; Analysis 1.10.

1.11 Diastolic blood pressure (DBP) achieved: systolic and
diastolic targets

Heterogeneity between trials was high for this outcome, basically
due to two small trials (PAST-BP 2016 and Cardio-Sis 2008), in which
the mean diMerence in achieved blood pressure between arms
was small. Using the random-eMects mode, the achieved DBP was
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significantly lower in the “lower target” group than in the “standard
target” group: P < 0.00001.

The fixed-eMect model provides the best estimate of average
magnitude of the diMerence between the DBP in the two groups.
For trials comparing diastolic targets: MD 82.0 mm Hg in the "lower
target" group versus 85.2 mm Hg in the "standard target" group,
(MD 3.2 mm Hg, 95% CI -3.33 to -3.03) (P < 0,00001; 4 trials, 19,675
participants; Analysis 1.11.2).

For trials comparing systolic targets, the DBP achieved was also
significantly lower in the “lower target” group than in the “standard
target” group: 68,3 versus 74,9 mm Hg, (MD -6.61, 95% CI -6.83,
-6.39), P < 0.0001; 6 trials, 15,993 participants; Analysis 1.11.1). For
all trials, the diMerence in DBP achieved in the two groups was
-4,28 mm Hg (95% CI -4.41 to -4.16, P < 0,00001; 10 trials, 35,668
participants; Analysis 1.11).

1.12 Withdrawals due to adverse e7ects: diastolic target

Only the REIN-2 2005 trial of diastolic targets reported the total
number of withdrawals due to adverse eMects in each treatment
arm, and there was no statistical diMerence between the groups but
the confidence interval was very large (RR 2.00, CI 95% 0.51 to 7.87,
P = 0.32; 1 trial, 318 participants; Analysis 1.12).

1.13 Number of antihypertensive drugs used per patient:
systolic and diastolic targets

The number of antihypertensive drugs used per patient was
reported in six trials comparing systolic targets. Among trials
comparing diastolic targets, only theREIN-2 2005 trial reported that
number, which was similar to the combined result of the six trials
comparing systolic targets.

Overall, the mean number of antihypertensive drugs used was
significantly greater in the “lower target” groups than the "standard
target" groups: 2.89 versus 1.89 (MD 1.00, 95% CI 0.96 to 1.04, P <
0.00001; 6 trials, 17,902 participants; Analysis 1.13).

Sensitivity analysis comparing SBP < 130 mm Hg versus < 140
mm Hg

It is possible that trying to achieve a very strict SBP target (<120 mm
Hg) could produce an excess amount of adverse events associated
with the more intensive antihypertensive therapy and, therefore,
could negatively aMect the benefits/harms relationship. For that
reason we performed a sensitivity analysis including only trials
targeting SBP < 130 mm Hg versus trials targeting < 140 mm Hg.

This comparison is limited to 4660 participants from Cardio-Sis
2008, .SMAC-AF 2017 and SPS3 2013 trials. The main results are
shown in the following table. The only significant result was an
increase in "other serious adverse events" associated with the
lower target.

 

Outcomes RR (CI 95%) P

Total mortality 1.06 (0.82 to 1.37) 0.67

Cardiovascular mortality 0.87 (0.56 to 1.34) 0.53

Non-cardiovascular mortality 1.21 (0.78 to 1.88) 0.40

Total serious adverse events 1.05 (0.92 to 1.20) 0.46

Myocardial infarction 0.88 (0.58 to 1.33) 0.55

Stroke 0.82 (0.65 to 1.02) 0.08

Heart failure 0.42 (0.11 to 1.63) 0.21

Other serious adverse events 1.87 (1.34 to 2.61) 0.0002

 

D I S C U S S I O N

Summary of main results

The objective in using antihypertensive drugs in patients with
elevated blood pressure is to reduce morbidity and mortality. It is
not known how much blood pressure has to be lowered in order to
optimise that objective. Many epidemiological studies have shown
a continuous direct linear relationship between blood pressure and
the incidence of cardiovascular events, but the lower threshold
for this relationship has not been established (Prospective
Studies Collaboration 2002). More aggressive treatment in patients

with elevated blood pressure aiming at lower blood pressure
targets assumes that the benefits of attempting to achieve
those lower blood pressure targets through antihypertensive drug
therapy  outweigh the harms caused by the intensive treatment.
Evidence from randomised controlled trials (RCTs) and their meta-
analysis can suggest what may be expected in groups of patients
similar to those studied in the RCTs, but cannot predict the balance
of benefits or harms in any individual.

This systematic review and meta-analysis of RCTs summarises the
presently available evidence from trials that evaluated clinical
outcomes associated with prespecified "lower blood pressure
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targets" as compared with "standard blood pressure targets". We
found 11 trials including 38,688 patients, with a mean follow-up
period of 3.7 years that met the inclusion criteria for this review.

Because pharmacological treatment decreases both systolic blood
pressure (SBP) and diastolic blood pressure (DBP), we have
reported the pooled data for both in the Summary of findings
1. However, we established subgroups for systolic and diastolic
targets in order to see the data for each target group separately.

On average, participants assigned to the "lower target" received
one additional antihypertensive medication and achieved a 7.5 mm
Hg lower SBP and a 4.3 mm Hg lower DBP than those assigned to the
“standard target”. The achieved blood pressure data were highly
heterogeneous.

The most important findings of this review are that high-certainty
evidence demonstrates that lower targets do not reduce total
mortality (risk ratio (RR) 0.95, 95% confidence interval (CI) 0.86
to 1.05, P = 0.32) and do not reduce total serious adverse events
(RR 1.04, 95% CI 0.99 to 1.08, P = 0.10; moderate-certainty
evidence). According to the USA Food and Drug Administration
(FDA )definition, a serious adverse event includes any of the
following conditions: death, is life-threatening, requires inpatient
hospitalisation or causes prolongation of existing hospitalisation,
results in persistent or significant disability/incapacity, may have
caused a congenital anomaly/birth defect, or requires intervention
to prevent permanent impairment or damage. This means that
on average, the benefits of lower targets do not outweigh the
harms as compared to standard blood pressure targets. Thus
in the treatment of patients with hypertension the standard
blood pressure targets remain appropriate for most people with
hypertension.

As can be seen in the Summary of findings 1, lower targets did
reduce myocardial infarction (RR 0.84, 95% CI 0.73 to 0.96, P = 0.01,
absolute risk reduction (ARR) 0.7% over 3.7 years), and congestive
heart failure (RR 0.75, 95% CI 0.60 to 0.92, P = 0.007, (ARR 0.6% over
3.7 years. However, we judged both outcomes to be low-certainty
evidence due to the high risk of bias particularly lack of blinding
bias, for ascertainment of these outcomes.

The reason the reduction in myocardial infarction and congestive
heart failure was not reflected in total serious adverse events is
most likely due the fact that treating to lower targets increased
other serious adverse events as this review has demonstrated
(RR 1.44, 95% CI 1.32 to 1.59, P < 0.00001, absolute risk increase
(ARI) 3% over 3.7 years). This is reinforced by examination of
serious adverse event data from the two largest trials. In ACCORD
2010, there was a significant increase in other serious adverse
events attributed to blood-pressure medications: RR 2.58 (95%
CI 1.70 to 3.91), P < 0.00001, absolute risk increase 2%, which
means that one extra serious adverse event occurred for every 50
patients treated intensively for 4.7 years. Serious adverse events
attributed to blood pressure medications in ACCORD 2010 included
hypotension, syncope, bradycardia or arrhythmia, hyperkalaemia,
angioedema, and renal failure. In SPRINT 2015, serious adverse
events classified as possibly or definitely related to the intervention
were also increased in the low target group: RR 1.87 (95% CI 1.50 to
2.33), P < 0.001, absolute risk increase 2.2%, which means one extra
serious adverse event occurred for every 46 patients treated for 3.3
years. In SPRINT 2015, the larger number of adverse events related
to the intervention in the lower blood pressure group was mainly

due to a 1.2% absolute increase in acute kidney injury or acute renal
failure.

Overall completeness and applicability of evidence

For the general population of people with elevated blood pressure,
trying to achieve a lower blood pressure target is not currently
justified based on evidence from randomised trials. However, we
cannot rule out that some patient populations might benefit from
aiming for lower targets. As a partial answer to that question,
a Cochrane Review of blood pressure targets in people with
hypertension and diabetes mellitus also concluded that there was
no net health benefit from lower blood pressure targets (Arguedas
2013). For people with hypertension and cardiovascular disease, an
updated review also found no net health benefit for lower blood
pressure targets, as compared with standard blood pressure targets
(Saiz 2020).

Analysing the individual data of participants in those trials might be
useful to detect some characteristics capable of better identifying
patients amongst whom a lower blood pressure target might confer
net benefits (Attar 2019). While such post hoc analyses cannot be
applied directly to clinical practice, they can generate hypotheses
leading to design and conduct of randomised trials comparing
blood pressure targets in populations with specific characteristics.
Conversely, individual patient data could be useful to identify
groups of patients at greater risk of experiencing serious adverse
events, who could be excluded from future trials of lower blood
pressure targets.

The conventional measurement of blood pressure in clinical
practice to establish blood pressure targets provides no
information on other variables that observational studies have
associated with prognosis, such as blood pressure variability or
changes during sleep. There is no available evidence from RCTs
that used ambulatory blood pressure monitoring to evaluate the
relationship between blood pressure targets and clinical outcomes.

Finally, based on the baseline characteristics of the participants
included in the studies, the results of this review are primarily
applicable to older people with moderate to high cardiovascular
risk. They may not be applicable to other populations.

Quality of the evidence

The main potential bias in the trials included in this review is the
fact that studies could not be blinded, which leads to a high risk
of performance and detection bias. However, it is possible to blind
the individuals measuring the blood pressure and adjudicating the
outcomes. For the most part this was not done.

The SPRINT 2015 trial had a decisive influence on the reduction
detected in myocardial infarction and congestive heart failure, but
it was also one of the trials with higher risk of bias. Because it
was stopped early for benefit, the benefits are likely to have been
exaggerated (Bassler 2010, Viele 2016). SPRINT 2015 also used a
blood pressure measurement technique that could provide blood
pressure values lower than expected with the traditional oMice
measurement technique.

There was high heterogeneity in achieved blood pressures.
Heterogeneity was related mainly to the small diMerences in mean
blood pressure between treatment arms in two trials (Cardio-Sis
2008; PAST-BP 2016). This suggests some problem of adherence to

Blood pressure targets in adults with hypertension (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

17



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

the protocols during conduct of these trials. They were small, and
their exclusion does not change our conclusions.

Overall, there was underreporting of some outcomes, especially of
total people with at least one serious adverse event.

Potential biases in the review process

The manner in which we handled serious adverse events could
have led to bias and deserves discussion. The total number of
people with at least one serious adverse event was reported for the
SPRINT 2015. It was not reported in the ACCORD 2010 trial. Using the
information available for ACCORD 2010, we calculated the number
of people who experienced at least one serious adverse event as the
sum of primary or secondary outcomes (total mortality, non-fatal
myocardial infarction, non-fatal stroke, non-fatal heart failure, non-
fatal heart failure, end stage renal disease or need for dialysis) plus
other serious adverse events related to the intervention. According
to the ACCORD 2010 investigators, those were the only serious
adverse events collected in a consistent manner throughout the
trial. The authors of SMAC-AF 2017 provided total serious adverse
event information by email, in response to our request. In SPS3
2013, we calculated people with at least one serious adverse event
as the sum of deaths and serious cardiovascular events reported in
the published version plus additional information on other serious
adverse events provided by the principal author. PAST-BP 2016
reported emergency admissions, which was used as a reasonable
surrogate for the total number of people who experienced at least
one serious adverse event. It was not possible to obtain or to
calculate the total number of people with at least one serious
adverse event in the remaining trials.

SPRINT 2015 and Cardio-Sis 2008 reported the outcome of "other
SAEs". The ACCORD 2010 investigators elected to restrict analysis
and reporting of serious adverse event data to events judged
related to blood pressure medications, because those were the
only events collected in a consistent manner throughout the trial
and subject to safety oMicer and Data and Safety Monitoring Board
(DSMB) review. The information from SPS3 2013 was provided by
the main author of the trial as a subset of total people with at least
one other serious adverse events. We calculated all other serious
adverse events in PAST-BP 2016P and SMAC-AF 2017S as total
serious adverse events minus serious adverse events previously
considered in this Cochrane Review (total mortality, myocardial
infarction, stroke, congestive heart failure, and end-stage renal
disease).

Another potential limitation is that we excluded two RCTs that used
mean blood pressure as the target (AASK 2002; MDRD 1995). We
excluded these trials because we could not be precise as to whether
they met the systolic and diastolic targets specified for this review.
We performed a sensitivity analysis adding those trials and it did
not have any eMect on the risk ratio (RR) eMect estimates for any of
the outcomes of our review.

Agreements and disagreements with other studies or
reviews

Publication of theSPRINT 2015 trial led to several commentaries
as to whether lower blood pressure targets are preferable ( Drazen
2015; Laurent 2016; Lonn 2016; Oparil 2016; Perkovic 2015; Sexton
2017;Yeh 2015). The main argument in favour was the unexpected
reduction in total mortality observed in that trial, while the main

objections related to safety concerns. The reduction in mortality in
SPRINT 2015 is an outlier in our meta-analysis, and we do not know
to what degree this could be explained by its early termination for
benefit. It is known that stopping trials early for benefit may lead to
an exaggeration of the benefit (Bassler 2010).

Several meta-analyses and reviews have evaluated blood pressure
targets. Some of them came to conclusions similar to ours
(Arguedas 2013; Brunstrom 2016; Chi 2018; Marianpilla 2016; Tsai
2017), while others did not (Bangalore 2017; Bundy 2017; Ettehad
2016; Lv 2012; Malhotra 2017; Thomopoulos 2016 a; Verdecchia
2016; Xie 2016). Important methodological diMerences underlie the
systematic reviews that reached conclusions diMerent from ours.
These include one or several of the following factors:

a. They compared “more intensive” versus “less intensive” blood
pressure-lowering treatment without defining any specific value
for the targets. As a result, they included old trials in which the
standard targets were inappropriately high according to current
medical practice (e.g. < 180/105 mm Hg), or trials comparing targets
defined by mean arterial pressure.

b. The analyses were limited to benefits without reporting harms.

c. The analyses of outcomes were based on “achieved” rather
than on “targeted” blood pressures. Using this approach leads to
loss of randomisation and the analysis is therefore susceptible
to all the biases associated with observational studies (GueyMier
2001; MacMahon 2001; Zanchetti 2014). People who achieve lower
blood pressures are likely to be diMerent, pathophysiologically and
clinically, from people who do not.

d. The inclusion of trials not designed to compare outcomes
specifically associated with diMerent blood pressure targets. Most
of those trials used fixed-dose approaches to test diMerent
hypotheses not related with specific blood pressure targets.
Because of this, other factors could potentially influence the results.

e. The results were obtained through indirect comparisons from
network meta-analysis, which may be less reliable than direct
comparisons of treatment eMects (Cipriani 2013).

It has been suggested that tight blood pressure control could
provide greater benefits if implemented early (Marianpilla 2016;
Parati 2011;Zanchetti 2009), or in people at high risk of stroke, such
as those with a history of cerebrovascular disease (Mancia 2011).
However, these interesting arguments mentioned in some clinical
guidelines (AACE 2019; ADA 2016; Kernan 2014) are not supported
by solid evidence, and they should be properly evaluated and
proved before being implemented in clinical practice.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

1. For the general population of people with elevated blood
pressure the benefits of trying to achieve a lower blood pressure
target rather than a standard target (≤ 140/90 mm Hg) do not
outweigh the harms associated with that intervention.
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Implications for research

1. Identification of specific types of patients who might benefit
from lower blood pressure targets in order to be evaluated in a
clinical trial specifically designed for that objective.

2. Identification of specific types of patients who are more
susceptible to serious adverse events related to lower blood
pressure targets.

3. Evaluation of blood pressure targets in young, low risk
hypertensive patients.
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Study characteristics

Methods Randomised, open-label clinical trial. Patients were randomised to intensive versus moderate blood
pressure control. They were also allocated to either nisoldipine or enalapril as the initial antihyperten-
sive medication. If the target blood pressure was not achieved with increasing doses, then open-la-
belled antihypertensive medications were added in a step-wise fashion, initially with metoprolol, then
hydrochlorothiazide or additional drugs, but not a calcium channel blocker or ACE inhibitor.
Blood pressure recordings were obtained at peak drug levels and were an average of three seated read-
ings obtained at each visit.
The follow-up period was 5 years.

Participants 470 patients, between the ages of 40 and 74 years, with type 2diabetes mellitus diagnosed. All of them
had a DBP equal to or higher than 90 mm Hg without taking antihypertensive medications. They could
not have had a myocardial infarction or a cerebrovascular accident within the previous 6 months, had
coronary artery bypass surgery within the previous 3 months, had unstable angina pectoris within the
previous 6 months, had congestive heart failure NYHA class III or IV, demonstrated an absolute need for
ACE inhibitors or CCB, and/or had a serum creatinine level > 3 mg/dL.

Interventions Diastolic BP targets

Patients were randomised into two treatment arms consisting of intensive treatment with a DBP goal
of 75 mm Hg, and moderate treatment with a DBP goal of 80 mm Hg to 89 mm Hg.

Outcomes The primary end point was the change in 24-hour creatinine clearance. Secondary end points included
cardiovascular events, retinopathy, clinical neuropathy, and urinary albumin excretion

Notes Patients were also randomised to either nisoldipine or enalapril as the initial antihypertensive medica-
tion.  Study funded by a grant from Aventis.
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and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk An independent end point committee, which was blinded to the study inter-
vention arms, reviewed all cardiovascular events.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Data on losses to follow-up were not reported

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias Unclear risk Funding not reported

ABCD (H) 2000  (Continued)

 
 

Study characteristics

Methods Randomised and multicentre trial performed in the USA and Canada. The entire ACCORD trial enrolled
10,251 participants with type 2 diabetes mellitus considered to be at high risk. All participants were
randomly assigned to either intensive or standard glycaemic control. In addition, 4733 participants
were also randomly assigned (in a 2-by-2 factorial design) to either intensive or standard blood-pres-
sure control (the ACCORD blood-pressure trial).

The mean follow-up was 4.7 years

Participants 4733 participants were included in the ACCORD BP trial. Participants were eligible if they had type 2
diabetes mellitus and a glycated haemoglobin level of 7.5% or more, and were 40 years of age or old-
er with cardiovascular disease or 55 years of age or older with anatomical evidence of a substantial
amount of atherosclerosis, albuminuria, leV ventricular hypertrophy, or at least two additional risk fac-
tors for cardiovascular disease (dyslipidaemia, hypertension, smoking, or obesity). Participants with a
SBP between 130 mm Hg and 180 mm Hg who were taking three or fewer antihypertensive medications
and who had the equivalent of a 24-hour protein excretion rate of less than 1.0 g were also eligible for
the blood pressure trial.

Exclusion criteria included a body-mass index of more than 45, a serum creatinine level of more than
1.5 mg per dL, and other serious illness

Interventions Systolic BP targets

Intensive therapy was defined by a target SBP of less than 120 mm Hg, whereas standard therapy tar-
geted a SBP of less than 140 mm Hg.

ACCORD 2010 
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There was no specific drug regimen to achieve the target blood pressure. However, all the antihyper-
tensive regimens were to include drug classes that had been shown to result in a reduction in cardio-
vascular events among participants with diabetes

Outcomes The primary outcome was the first occurrence of a major cardiovascular event, which was defined as
the composite of nonfatal myocardial infarction, nonfatal stroke, or cardiovascular death. Prespecified
secondary outcomes included the combination of the primary outcome plus revascularisation or hos-
pitalisation for congestive heart failure, the combination of a fatal coronary event, nonfatal myocardial
infarction, or unstable angina; nonfatal myocardial infarction; fatal or nonfatal stroke, nonfatal stroke,
death from any cause, death from cardiovascular causes, and hospitalisation or death due to heart fail-
ure

Notes Study supported by contracts from the National Institutes of Health and the Centers for Disease Control
and Prevention.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated

Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk An independent Endpoint Committee, which was blinded to the study inter-
vention arms, reviewed all cardiovascular events.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk The vital status for 5% of randomised participants was unknown at the end of
the trial. Their distribution is not reported

Selective reporting (re-
porting bias)

High risk The ACCORD investigators elected to restrict analysis and reporting of SAE da-
ta to events related to blood pressure medications because those were the on-
ly events collected in a consistent manner throughout the trial and subject to
safety officer and DSMB review.

Other bias Low risk The trial was sponsored by the National Heart, Lung, and Blood Institute from
the USA. No other funding reported

ACCORD 2010  (Continued)

 
 

Study characteristics

Methods Randomised, open, multicentre trial performed in 44 centres in Italy.

Patients were followed up every 4 months. Blood pressure was the average of three consecutive read-
ings at every visit with standard mercury sphygmomanometers.

Analysis was by intention-to-treat with all available data.

Cardio-Sis 2008 
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The mean duration of follow-up was 2 years

Participants 1111 non-diabetic patients were included. Participants were eligible if they were aged 55 years or old-
er, with a SBP > 150 mm Hg, who had been receiving antihypertensive treatment for at least 12 weeks.
They also had at least one additional risk factor (cigarette smoking, total cholesterol ≥ 5.2 mmol/L, HDL
cholesterol < 1.0 mmol/L LDL cholesterol ≥ 3.4 mmol/L, family history of premature cardiovascular dis-
ease in first degree relative, previous transient ischaemic attack or stroke, or established coronary or
peripheral artery disease.

Exclusion criteria included a fasting glucose ≥ 7.0 mmol/L, those with a history of diabetes mellitus, any
disease reducing life expectancy, renal dysfunction (serum creatinine ≥ 176.8 µmol/L), clinically rele-
vant hepatic or haematological disorders, valvular heart disease, disorders confusing the electrocar-
diographic diagnosis of LVH, atrial fibrillation and substance misuse.

Interventions Systolic BP targets

Patients were allocated to tight (< 130 mm Hg) or usual control (<140 mm Hg) of SBP.

Antihypertensive drug treatment included various combinations of previous drugs plus drugs made
available for the purpose of the study. The choice of drugs was leV to the discretion of the investigators.
In the tight control group, one SBP reading higher than 130 mm Hg at any visit led to intensification of
treatment. Conversely, in the usual-control group, achievement of a SBP below 130 mm Hg entailed
downtitration of treatment.

Outcomes The primary outcome was the prevalence of electrocardiographic LVH at the final 2-year visit. The main
prespecified secondary outcome was a composite of all-cause mortality, fatal or non-fatal myocardial
infarction, fatal or non-fatal stroke, transient ischaemic attack, congestive heart failure NYHA III or IV
requiring admission to hospital, angina pectoris with objective evidence of myocardial ischaemia, new-
onset atrial fibrillation, coronary revascularisation, aortic dissection, occlusive peripheral arterial dis-
ease, and renal failure requiring dialysis. Other predefined secondary outcomes were the single com-
ponents of the main secondary outcome and difference between groups in the achieved SBP.

Notes Study supported by the Associazione Nazionale Medici Cardiologi Ospedalieri and funded by several
pharmaceutical companies

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computerised random function

Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk An Independent Clinical Event Committee, masked to the group allocation,
evaluated all clinical events.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk A greater percentage of participants assigned to tight control were not avail-
able for 0ne-year follow-up visit

Cardio-Sis 2008  (Continued)
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Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias High risk Funded by the pharmaceutical industry

Cardio-Sis 2008  (Continued)

 
 

Study characteristics

Methods Randomised, open-label, controlled trial, with blinded endpoint evaluation (PROBE) design. Patients
were randomly assigned to one of three DBP target groups: less or equal than 90 mm Hg, less or equal
than 85 mm Hg, or less or equal than 80 mm Hg. Randomisation took into consideration the following
baseline variables: age, sex, previous antihypertensive therapy, smoking, previous myocardial infarc-
tion, previous coronary heart disease, previous stroke and diabetes mellitus.
Blood pressure was measured three times, by an oscillometric semiautomatic device, with the patient
in the sitting position after 5 minutes of rest.
All patients were given the same therapeutic approach, organized in the following steps in order to
achieve the target blood pressure.
1. starting therapy was felodipine 5 mg once a day
2. angiotensin enzyme (ACE) inhibitors or beta-blockers were added
3. increased dose of felodipine to 10 mg once a day
4. doubling the dose of the ACE inhibitor or beta-blocker
5. adding a diuretic
The average follow-up was 3.8 years.

Participants 19,193 hypertensive patients, aged 50 to 80 years, were initially included, but the study population was
composed by 18,790 patients because 403 of them were excluded early in the trial because of the suspi-
cion of incorrect inclusion.
Baseline DBP between 100 mm Hg and 115 mm Hg was an inclusion criterion. 1501 non-insulin treated
diabetic patients were included and the event rates were reported separately in them.
Main exclusion criteria were malignant hypertension, secondary hypertension, DBP > 115 mm Hg,
stroke or myocardial infarction within 12 months prior to randomisation, decompensated conges-
tive heart failure, other serious concomitant diseases which could affect survival during the next 2 to 3
years, patients who required a beta-blocker, ACE inhibitor or diuretic for reasons other than hyperten-
sion, patients who required antiplatelet or anticoagulant therapy, and insulin treated diabetics.

Interventions Diastolic BP targets

Patients were randomly assigned to one of threeDBP target groups: less or equal than 90 mm Hg, less
or equal than 85 mm Hg, or less or equal than 80 mm Hg.

Outcomes The outcomes measured were: total and cardiovascular mortality, all (fatal and non-fatal) myocar-
dial infarctions including silent infarctions, all (fatal and non-fatal) strokes, and major cardiovascular
events (all myocardial infarctions plus all strokes plus other cardiovascular deaths).

Notes Patients were also randomly assigned to acetylsalicylic acid 75 mg daily or placebo.
24% of all investigators-reported events were rejected by the Clinical Event Committee.

Several pharmaceutical companies were among the principal sponsors of the trial.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated

HOT 1998 
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Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk An Independent Clinical Event Committee, masked to the group allocation,
evaluated all clinical events.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Data on losses to follow-up was not reported

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias High risk Industry funded

HOT 1998  (Continued)

 
 

Study characteristics

Methods Randomised, open-label, controlled trial. Patients were randomly assigned to an intensive blood pres-
sure target or a standard target. BP was measured by using an automated sphygmomanometer. BP
was measured in a standardised way, with the patient seated for five minutes and then six measure-
ments taken at one minute intervals. The reported number was the average of the second and third
measurements.
The average follow-up was 1 year.

Participants 529 patients were considered for inclusion if they were in the practice's TIA/stroke register. They were
excluded if their baseline SBP was less than 125 mm Hg, they were already taking three or more antihy-
pertensive agents, they had a greater than 20 mm Hg postural change in SBP on standing, they were al-
ready being treated to a 130 mm Hg SBP target. 379 participants were included in the analysis

Interventions Systolic BP targets

Intensive blood pressure target was defined as < 130 mm Hg or a 10 mm Hg reduction if baseline pres-
sure was < 140 mm Hg, whereas standard target was < 130 mm Hg.

Outcomes The primary outcome was change in SBP between baseline and one year. Clinical events were identi-
fied through review of the general practice records. They included fatal and non-fatal stroke, myocar-
dial infarction, fatal coronary heart disease, or other cardiovascular death, emergency hospital admis-
sions, and deaths.

Notes Funded by the National Institute for Health Research in England

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method not reported

PAST-BP 2016 
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Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Clinical events were identified through review of the general practice records,
but they were not evaluated by investigators

Incomplete outcome data
(attrition bias)
All outcomes

High risk 16% of patients withdrew from the trial (20% in the intensive target arm and
12% in the standard target arm). Despite that, all patients were followed-up
for clinical events and deaths

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias High risk A significantly greater number of patients (109 versus 57, P = 0.005) in the in-
tensive target group did not have their BP treatment increased when the BP
was above target, mainly due to symptoms attributed to BP drugs and patient
not wanting treatment to be intensified

PAST-BP 2016  (Continued)

 
 

Study characteristics

Methods Multicentre, randomised, controlled trial. Before randomisation, patients were treated with antihyper-
tensive drugs (apart from ACE inhibitors, angiotensin-II-receptor antagonists, and dihydropyridine cal-
cium-channel blockers) to maintain DBP at less than 90 mm Hg. Participants were then randomly as-
signed to either conventional blood-pressure control (DBP < 90 mm Hg, irrespective of SBP) or inten-
sified blood-pressure control. To achieve the intensified blood-pressure level, patients received add-
on therapy with the dihydropyridine calcium-channel blocker felodipine 5 mg/day, and up-titrated
the dose after a week to 10 mg/day according to blood pressure response. In both arms up- and down-
titration of concomitant drugs was allowed to maintain the target blood pressure and to avoid sympto-
matic hypotension.
Blood pressure was measured 1 week, 2 weeks, and 3 weeks after randomisation, and every 3 months
thereafter. Additional measurements were done within 1 week after any change in antihypertensive
therapy.
The blood pressure was the mean of three values taken 2 minutes apart, after 5 minutes rest in the sit-
ting position. on the same arm by a standard sphygmomanometer. The time of day when blood pres-
sure was measured was not reported.
The median follow-up was 19 months.

Participants 338 patients, who had non-diabetic nephropathy and persistent proteinuria, and who had not received
ACE-inhibition therapy for at least 6 weeks. Persistent proteinuria was defined as urinary protein excre-
tion exceeding 1 g per 24 hours for at least 3 months without evidence of urinary-tract infection or overt
heart failure (NYHA class III-IV). Patients with proteinuria of 1-3 g per 24 hours were included if their cre-
atinine clearance was less than 45 mL/min per 1.73 m2; those with a proteinuria of 3 g per 24 hours or
more were included if their creatinine clearance was less than 70 mL/min per 1.73 m2.
Exclusion criteria were treatment with corticosteroids, non-steroidal antiinflammatory drugs, or im-
munosupressive drugs; acute myocardial infarction or cerebrovascular accident in the previous 6
months, severe uncontrolled hypertension, evidence or suspicion of renovascular disease, obstructive
uropathy, type 1 diabetes mellitus, collagen disease, cancer, higher serum aminotransferase concen-

REIN-2 2005 
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trations, or chronic cough, history of allergy, or poor tolerance to ACE inhibitors or dihydropiridine cal-
cium-channel blockers, pregnancy, breastfeeding.

Interventions Systolic/diastolic BP targets

Participants were randomly assigned to either "conventional" (diastolic < 90 mm Hg) or intensified
(systolic/diastolic < 130/80 mm Hg) blood-pressure control.

Outcomes The primary outcome was progression to end-stage renal disease. Other outcomes were GFR decline,
residual proteinuria, fatal and non-fatal cardiovascular events.

Notes After the first interim analysis, done as per protocol, an independent adjudicating panel stated that the
study had to be stopped for futility because the outcomes were similar in both arms despite more effec-
tive blood-pressure reduction in the intensified blood-pressure control arm.  The trial was undertaken
by the Mario Negri Institute for Pharmacological Research. 

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method not reported

Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients were followed even if target BP was not achieved

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias High risk Terminated early.

The study was supported in part by Aventis Pharma S.A.

REIN-2 2005  (Continued)

 
 

Study characteristics

Methods Randomized trial performed in a single centre in the USA. All 75 participants were sequentially ran-
domised with stratification by renal function to rigorous or standard BP control via computer-generat-
ed randomisation codes.

In all participants, the mean of three sitting BP measurements was used to determine BP level. Dose
adjustments were made weekly until the desired BP goal was reached.

Schrier 2002 
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The mean follow-up was 7 years

Participants 75 patients with autosomal dominant polycystic kidney disease were included in the trial. They had
hypertension (BP > 140/90 mm Hg) and LVH. Participants were eligible if they were between 20 and 60

years of age, had creatinine clearance more than 30 ml(min per 1.73m2, and men had leV ventricular
mass index (LVMI) > 125 g/m, and women had LVMI 110 g/m.

The following participants were excluded: participants who could not tolerate the study medications,
participants with > 3 g urinary protein per day or those with a second renal diagnosis, participants who
required

antiarrhythmic medications, lactating or pregnant participants or subjects taking oral contraceptive
medications, participants with underlying psychiatric disorders, and participants who, by the discre-
tion of the investigator, were thought to be unable to comply with the guidelines of the protocol. Addi-
tionally, participants with LVH due to primary causes other than hypertension were excluded from the
trial.

Interventions Systolic/diastolic BP targets

Participants were randomised to either rigorous (<120/80 mm Hg) or standard (135 mm Hg to 140/85 to
90 mm Hg) BP control.

The initial antihypertensive drug was either enalapril or amlodipine, at escalating doses. If more med-
ications were needed to achieve the BP goal, hydrochlorothiazide, clonidine, spironolactone, or some
combination of these were added as necessary. Rarely, other antihypertensive medications were added
at the discretion of the study physician.

Outcomes The primary outcome was the decline of glomerular filtration rate and in mean leV ventricular mass in-
dex from baseline to year 7.

Notes Funded by the Department of Health and Human Services, National Institute of Diabetes, Digestive and
Kidney Diseases, and the National Institutes of Health from the USA. Pfizer Inc. provided part of the
funding too.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Via computer-generated randomisation codes

Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Method not reported

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 12 participants dropped out of the study, with no difference between group as-
signed

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Schrier 2002  (Continued)
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Other bias Unclear risk Role of Pfizer Inc. is not clear.

Schrier 2002  (Continued)

 
 

Study characteristics

Methods Randomised, parallel, open-label clinical trial with blinded end-point evaluation performed in 13 ter-
tiary centres in Canada

Participants 184 participants who had a baseline BP > 130/80 mm Hg, symptomatic paroxysmal or persistent atrial
fibrillation and were scheduled to undergo catheter ablation. Patients with moderate to severe renal
dysfunction or prior intolerance to an angiotensin receptor II antagonist were excluded.

Interventions Systolic/diastolic BP targets

Participants were randomly assigned to aggressive BP (target < 120/80 mm Hg) or standard BP (target <
140/90 mm Hg) treatment. Titration of medications in the aggressive BP treatment group occurred at 2-
week intervals through telephone follow-up

Outcomes The primary outcome was time to symptomatic atrial fibrillation or atrial flutter.

Notes The study was sponsored by the Nova Scotia Health Research Foundation and the Canadian Institutes
of Health Research.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method not reported

Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk A blinded event committee adjudicated end-points.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Eleven randomised patients could not be included for several reasons. Their
distribution was not reported. Three participants were lost to follow-up: 1 was
allocated to the intensive treatment group and 2 to the standard treatment.

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias Low risk  

SMAC-AF 2017 
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Study characteristics

Methods Randomised, controlled, multicentrE, open-label trial conducted at 102 clinical sites in the USA and
Canada. An independent data and safety monitoring board monitored unblinded trial results and safe-
ty events.

Participants 9361 participants were included in the trial. Participants were required to meet all the following crite-
ria: an age of at least 50 years, a SBP of 130 to mm Hg180 mm Hg, and an increased risk of cardiovascu-
lar events. Increased risk was defined by one of he following: clinical or subclinical cardiovascular dis-
ease other than stroke; chronic kidney disease, with an estimated glomerular filtration rate of 20 mL to

less than 60 mL per minute per 1,73 m2 of body surface area; a 10-year risk of cardiovascular disease of
15% or greater on the basis of the Framingham risk score; or an age of 75 years or older. Patients with
diabetes mellitus or prior stroke were excluded.

Interventions Systolic BP targets

Eligible participants were assigned to a SBP target of either less than 140 mm Hg (the standard-treat-
ment group) or less than 120 mm Hg (the intensive-treatment group). The baseline antihypertensive
regimens were adjusted on the basis of the study-group assignment. All major classes of antihyperten-
sive agents were included in the formulary and were provided at no cost to the participants.

Participants were seen monthly for the first 3 months and every 3 months thereafter. Medications for
participants in the intensive-treatment group were adjusted on a monthly basis to target a SBP of less
than 120 mm Hg. For participants in the standard-treatment group, medications were adjusted to tar-
get a SBP of 135 mm Hg to 139 mm Hg, and the dose was reduced if SBP was less than 130 mm Hg on a
single visit or less than 135 mm Hg on two consecutive visits. Dose adjustments was based on a mean
of three blood-pressure measurements at an office visit while the patient was seated and after 5 min-
utes of quiet rest.

Outcomes The primary outcome was the composite of myocardial infarction, acute coronary syndrome not re-
sulting in myocardial infarction, acute decompensated heart failure, and death from cardiovascular
causes. Secondary outcomes included the individual components of the primary composite outcome,
death from any cause, and the composite of the primary outcome or death from any cause. Renal out-
comes were also assessed.

Notes The study was terminated early. The median follow-up was 3.3 years of the planned average of 5 years.
The study was funded by the National Institutes of Health.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was stratified according to clinical site." Baseline BP
was almost identical in the 2 groups.

Allocation concealment
(selection bias)

Unclear risk No explanation as to how they concealed allocation.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "Participants and study personnel were aware of the study-group as-
signments." The differences in achieved BP are unrealistic given only one drug,
mean difference between-group and very suggestive of bias.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Outcome adjudicators were not aware of study-group assignments but there is
nothing to suggest they adjudicated all outcomes.

Incomplete outcome data
(attrition bias)

Unclear risk More patients lost to follow-up in standard target group.

SPRINT 2015 
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All outcomes

Selective reporting (re-
porting bias)

Low risk All important outcomes reported including total people with at least one seri-
ous adverse event.

Other bias High risk Role of Takeda and Arbour Pharmaceuticals in addition to providing drugs is
not clear. Terminated early for benefit.

It used a BP measurement strategy that could provide BP values lower than
expected with the traditional office measurement strategies

SPRINT 2015  (Continued)

 
 

Study characteristics

Methods Randomised and multicentre clinical trial performed in 81 centres in North America, Latin America, and
Spain. Patients were randomised according to a two-by-two multifactorial design to two antiplatelet
regimens and two target ranges. Analysis was done by intention-to-treat.

The mean follow-up was 3.7 years

Participants 3020 participants were included in the SPS3 trial. Participants were eligible if they were aged 30 years
or older, were normotensive or hypertensive, had had a recent (within 180 days), symptomatic; MRI-
confirmed lacunar stroke, and were without surgically amenable ipsilateral carotid artery stenosis or
high-risk cardioembolic sources. Main exclusion criteria included disabling stroke, previous intracranial
haemorrhage from non-traumatic causes, or cortical ischaemic stroke.

Interventions Systolic BP targets

Patients were randomised to two blood-pressure-control groups with targets of 130-149 mm Hg or less
than 130 mm Hg. Treatment was open label. To avoid lowering of blood pressure soon after an acute
stroke, participants were randomised at least 2 weeks after the index stroke.

Blood pressure was measured three times at every visit and the average measurement was used to de-
cide hypertension status. After randomisation, if patients had blood pressure outside the assigned tar-
get range, they were initially seen at least monthly for measurement of blood pressure and adjustment
of medications.

Antihypertensive medications were prescribed by the local study physician. At least one drug from each
of the major classes of antihypertensive medications was available.

Outcomes The primary outcome was reduction in all strokes. Secondary outcomes included acute myocardial in-
farction, need for acute admission to hospital for a major vascular event, and death, classified as vascu-
lar, non-vascular, or unknown. All reported efficacy outcomes were confirmed by a central adjudication
committee that was unaware of treatment assignment. Safety outcomes were serious adverse events
related to hypotension and blood pressure management

Notes Funded by the National Institutes of Health-National Institute of Neurological Disorders and Stroke
(NIH-NINDS) from the USA.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated with a permuted-block design

SPS3 2013 
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Allocation concealment
(selection bias)

Low risk Treatment assignments were stored electronically

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk All reported outcomes were confirmed by a central adjudication committee
that was unaware of treatment assignment

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 3% of participants were lost to follow-up and an additional 15% ended fol-
low-up early. Their distribution is not reported

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias Low risk No other apparent bias

SPS3 2013  (Continued)

 
 

Study characteristics

Methods The study was a 2 X 2 factorial, randomised controlled trial. Patients were randomised to either place-
bo or enalapril and to either "strict" or "conventional" blood pressure ranges. Before randomisation,
DBP was lowered to 80 mm Hg or less over a 3 to 6 months initial assessment period. Patients able to
achieve that target were randomised and included in the study.
To achieve the target DBP, a stepped-care approach with antihypertensive medications was used: a
diuretic was the initial drug, followed by a beta-blocker, hydralazine or minoxidil, and clonidine, al-
pha-methyldopa or a alpha-1 blocker. With the exception of the diuretic, the maximum dose of each
agent was used before moving to the next step. In patients assigned to "conventional" group, DBP was
allowed to increase to the 85 to 95 mm Hg range, whereas in patients assigned to the "strict" group the
intention was to maintain DBP in the 65 mm Hg to 80 mm Hg range.
Blood pressure was measured in the supine position with a mercury sphygmomanometer after a mini-
mum of 5 minutes rest. Three measurements were taken at 2-minute intervals. The mean of those mea-
surements was used.
Mean follow-up was 40.5 ± 1.8 months in the "strict" group, and 42.2 ± 2.1 months in the "conventional"
group.

Participants 87 patients with hypertensive nephrosclerosis were initially considered for the trial. Their age ranged
from 25 to 73 years. The inclusion criteria were a DBP higher than or equal to 95 mm Hg, a serum creati-
nine greater than 1.6 mg/dL but lower than 7.0 mg/dL and a glomerular filtration rate less than or equal

to 70 mL/min/1.73m2, history of long-standing hypertension, an inactive urine sediment, a protein ex-
cretion rate lower than 2 g per day, no physical or biochemical evidence for a humoral-mediated cause
for hypertension.

Exclusion criteria were diabetes mellitus, a recent history (in the previous 4 months) of malignant hy-
pertension, stroke or myocardial infarction, acute renal failure of any cause, analgesic abuse, polycys-
tic kidney disease, systemic lupus erythematosus, scleroderma, rapidly progressive glomerulonephri-
tis, evidence of significant hepatic impairment (AST and ALT greater than 2.5 X normal, or serum total
bilirubin > 1.5 mg/dL), mental incapacity, pregnancy or lactation, primary aldosteronism, renovascular
hypertension, pheochromocytoma.

Toto 1995 
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Based on the initial assessment period, 77 patients were classified as "responders" and 10 patients
were "non-responders". Since they were not randomised, "non-responder" patients were not included
in this study.

Interventions Diastolic BP targets

"Responder" patients were randomised to either placebo or enalapril, in a double-blind design. They
were also randomised to either "strict" or "conventional" blood pressure ranges. "Strict" was defined
as a DBP lower than 80 mm Hg, whereas "conventional" was defined as a DBP between 85 mm Hg and
95 mm Hg.
After randomisation, the blinded study drug was titrated to maximum allowable dose and the unblind-
ed antihypertensive agents were back-titrated as needed to achieve and maintain blood pressure con-
trol.

Outcomes The primary outcome was the rate of decline in glomerular filtration rate, measured by the renal clear-
ance of 125I-iothalamate. Other outcomes were death, end-stage renal disease and 50% decline in
glomerular filtration rate or doubled serum creatinine (from baseline).

Notes Assignment to enalapril versus placebo did not change the results of the blood pressure control.

The study was supported in part by Merck, Sharp and Dohme.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method not reported

Allocation concealment
(selection bias)

Unclear risk Method not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants and investigators not possible

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Not reported

Selective reporting (re-
porting bias)

High risk Not all outcomes reported

Other bias High risk The initial assessment period selected responder participants.

Supported by pharmaceutical industry.

Toto 1995  (Continued)

ACE: angiotensin-converting-enzyme; ALT: alanine aminotransferase ; AST: aspartate aminotransferase;CCB: calcium channel blocker;
DBP: diastolic blood pressure;DSMB: Data and Safety Monitoring Board; HDL: high-density lipoprotein; LDL: low-density lipoprotein; LVH:
leV ventricular hypertrophy; MRI: magnetic resonance imaging; LVH: leV ventricular hypertrophy; NYHA: New York Heart Association;SAE:
severe adverse eMect: SBP: systolic blood pressure; TIA: transient ischaemic attack;
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

AASK 2002 Trial compared targets defined by mean arterial pressure and therefore cannot be precisely associ-
ated with the SBP and DBP ranges specified for this review.

ABCD-2V 2006 Trial only included normotensive diabetic patients, defined as a baseline SBP < 140 mm Hg and a
baseline DBP between 80 mm Hg and 90 mm Hg.

ABCD-N 2002 Trial only included normotensive diabetic patients, defined as a baseline DBP between 80 mm Hg
and 89 mm Hg and who were not receiving antihypertensive medications at the randomisation vis-
it. It included 26 patients with isolated systolic hypertension, but their distribution and their out-
comes were not reported separately.

ATACH-2 2016 This trial was excluded because it compared targets for SBP when treating acute hypertensive re-
sponse in patients with intracerebral haemorrhage, which is a different condition than treating
chronic arterial hypertension.

BBB 1994 The number of patients randomised to each treatment target was not reported and not provided
by the authors.

CHIPS 2015 The trial included women with pre-existing or gestational hypertension; gestational hypertension
is a very different condition in terms of pathogenesis and prognostic implications. This trial com-
pared blood pressure targets during pregnancy, and due to the short follow-up period, it looked at
different outcomes.

HDS 1996 The higher blood pressure target in this trial (aiming for systolic < 180 mm Hg and diastolic < 105
mm Hg) was much higher than the standard target interval defined in our protocol.

HOMED-BP 2012 Both home blood pressure targets were lower than the standard targets in our review.

JATOS 2008 This trial was not included because both blood pressure targets in this trial were within the values
considered as "standard targets" in our systematic review.

Lewis 1999 No usable data for any of the outcomes defined in this systematic review were reported.

MDRD 1995 This trial compared targets defined by mean arterial pressure and therefore cannot be precisely as-
sociated with the SBP and DBP ranges specified for this review.

SANDS 2008 This trial used a dual intervention, lower blood pressure and lower LDL cholesterol plus both SBP
targets were within the values considered as "lower targets" in this systematic review.

Solomon 2010 This trial was not included because it did not provide any information regarding mortality or car-
diovascular events.

Steno-2 2003 The multifactorial intervention in the two treatment groups prevented any inference as to whether
any difference in clinical outcomes could be attributed to a lower blood pressure target or to any of
the other combined interventions.

UKPDS 1998 The higher blood pressure target in this trial (aiming for systolic < 180 mm Hg and diastolic < 105
mm Hg) was much higher than the standard target interval defined in our protocol.

VALISH 2010 This trial was not included because both targets in this trial were within the values considered as
"standard targets" in our systematic review.

Wei 2013 This trial was not included because both targets in this trial were within the values considered as
"standard targets" in our systematic review.
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DBP: diastolic blood pressure; LDL: low-density lipoprotein; SBP: systolic blood pressure
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Low vs Standard BP Target

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Total mortality 11 38688 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.86, 1.05]

1.1.1 Systolic target 7 19013 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.80, 1.04]

1.1.2 Diastolic target 4 19675 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.86, 1.20]

1.2 CV mortality 9 37500 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.76, 1.06]

1.2.1 Systolic target 6 17902 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.65, 1.02]

1.2.2 Diastolic target 3 19598 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.80, 1.29]

1.3 Non-CV mortality 9 37500 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.88, 1.18]

1.3.1 Systolic target 6 17902 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.85, 1.23]

1.3.2 Diastolic target 3 19598 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.81, 1.27]

1.4 Total serious adverse
events

6 18165 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.99, 1.08]

1.4.1 Systolic target 5 17827 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.99, 1.08]

1.4.2 Diastolic target 1 338 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.90, 2.15]

1.5 Myocardial infarction 8 38198 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.73, 0.96]

1.5.1 Systolic target 6 18938 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.73, 1.01]

1.5.2 Diastolic target 2 19260 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.61, 1.02]

1.6 Stroke 7 37087 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.77, 1.01]

1.6.1 Systolic target 5 17827 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.67, 0.94]

1.6.2 Diastolic target 2 19260 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.84, 1.34]

1.7 Congestive heart failure 5 15859 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.60, 0.92]

1.7.1 Systolic target 4 15389 Risk Ratio (M-H, Fixed, 95% CI) 0.73 [0.59, 0.91]

1.7.2 Diastolic target 1 470 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.40, 2.43]

1.8 End-stage renal failure 6 14768 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.83, 1.37]

1.8.1 Systolic target 4 14353 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.71, 1.36]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.8.2 Diastolic target 2 415 Risk Ratio (M-H, Fixed, 95% CI) 1.23 [0.83, 1.82]

1.9 All other serious adverse
events

6 18938 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [1.32, 1.59]

1.9.1 Systolic target 6 18938 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [1.32, 1.59]

1.10 Systolic blood pressure
achieved

11 38688 Mean Difference (IV, Fixed, 95% CI) -7.52 [-7.76, -7.27]

1.10.1 Systolic target 7 19013 Mean Difference (IV, Fixed, 95% CI) -12.10 [-12.45, -11.74]

1.10.2 Diastolic target 4 19675 Mean Difference (IV, Fixed, 95% CI) -3.29 [-3.63, -2.96]

1.11 Diastolic blood pres-
sure achieved

10 35668 Mean Difference (IV, Fixed, 95% CI) -4.28 [-4.41, -4.16]

1.11.1 Systolic target 6 15993 Mean Difference (IV, Fixed, 95% CI) -6.61 [-6.83, -6.39]

1.11.2 Diastolic target 4 19675 Mean Difference (IV, Fixed, 95% CI) -3.18 [-3.33, -3.03]

1.12 Withdrawals due to ad-
verse events

1 318 Risk Ratio (M-H, Fixed, 95% CI) 2.00 [0.51, 7.86]

1.12.1 Diastolic target 1 318 Risk Ratio (M-H, Fixed, 95% CI) 2.00 [0.51, 7.86]

1.13 Number of antihyper-
tensive drugs used per pa-
tient

7 18240 Mean Difference (IV, Fixed, 95% CI) 1.00 [0.96, 1.04]

1.13.1 Systolic target 6 17902 Mean Difference (IV, Fixed, 95% CI) 1.00 [0.96, 1.04]

1.13.2 Diastolic target 1 338 Mean Difference (IV, Fixed, 95% CI) 0.85 [0.59, 1.11]

 
 

Blood pressure targets in adults with hypertension (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.1.   Comparison 1: Low vs Standard BP Target, Outcome 1: Total mortality

Study or Subgroup

1.1.1 Systolic target
ACCORD 2010
Cardio-Sis 2008
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Schrier 2002
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 7.85, df = 6 (P = 0.25); I² = 24%
Test for overall effect: Z = 1.43 (P = 0.15)

1.1.2 Diastolic target
ABCD (H) 2000
HOT 1998
REIN-2 2005
Toto 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 5.77, df = 3 (P = 0.12); I² = 48%
Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 14.65, df = 10 (P = 0.15); I² = 32%
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: Chi² = 1.05, df = 1 (P = 0.31), I² = 4.5%

Lower target
Events

150
4
2
1

155
106

1

419

10
401

2
1

414

833

Total

2362
558
266
92

4678
1501

41
9498

237
12526

169
42

12974

22472

Standard target
Events

144
5
1
0

210
101

1

462

22
188

3
0

213

675

Total

2371
553
263
92

4683
1519

34
9515

233
6264
169
35

6701

16216

Weight

19.5%
0.7%
0.1%
0.1%

28.4%
13.6%
0.1%

62.6%

3.0%
34.0%
0.4%
0.1%

37.4%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.05 [0.84 , 1.30]
0.79 [0.21 , 2.94]

1.98 [0.18 , 21.68]
3.00 [0.12 , 72.70]
0.74 [0.60 , 0.91]
1.06 [0.82 , 1.38]

0.83 [0.05 , 12.77]
0.91 [0.80 , 1.04]

0.45 [0.22 , 0.92]
1.07 [0.90 , 1.27]
0.67 [0.11 , 3.94]

2.51 [0.11 , 59.79]
1.02 [0.86 , 1.20]

0.95 [0.86 , 1.05]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.2.   Comparison 1: Low vs Standard BP Target, Outcome 2: CV mortality

Study or Subgroup

1.2.1 Systolic target
ACCORD 2010
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Schrier 2002
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 5.28, df = 3 (P = 0.15); I² = 43%
Test for overall effect: Z = 1.82 (P = 0.07)

1.2.2 Diastolic target
ABCD (H) 2000
HOT 1998
REIN-2 2005
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 2.13, df = 2 (P = 0.34); I² = 6%
Test for overall effect: Z = 0.12 (P = 0.91)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 9.07, df = 6 (P = 0.17); I² = 34%
Test for overall effect: Z = 1.25 (P = 0.21)
Test for subgroup differences: Chi² = 1.76, df = 1 (P = 0.18), I² = 43.3%

Lower target
Events

60
0
0

37
36
0

133

6
186

1

193

326

Total

2362
266
92

4678
1501

41
8940

237
12526

169
12932

21872

Standard target
Events

58
1
0

65
41
0

165

11
87
2

100

265

Total

2371
263
92

4683
1519

34
8962

233
6264
169

6666

15628

Weight

19.7%
0.5%

22.1%
13.9%

56.1%

3.8%
39.4%
0.7%

43.9%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.04 [0.73 , 1.48]
0.33 [0.01 , 8.05]

Not estimable
0.57 [0.38 , 0.85]
0.89 [0.57 , 1.38]

Not estimable
0.81 [0.65 , 1.02]

0.54 [0.20 , 1.43]
1.07 [0.83 , 1.38]
0.50 [0.05 , 5.46]
1.01 [0.80 , 1.29]

0.90 [0.76 , 1.06]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.3.   Comparison 1: Low vs Standard BP Target, Outcome 3: Non-CV mortality

Study or Subgroup

1.3.1 Systolic target
ACCORD 2010
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Schrier 2002
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.13, df = 5 (P = 0.68); I² = 0%
Test for overall effect: Z = 0.23 (P = 0.82)

1.3.2 Diastolic target
ABCD (H) 2000
HOT 1998
REIN-2 2005
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.44, df = 2 (P = 0.18); I² = 42%
Test for overall effect: Z = 0.09 (P = 0.93)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 6.56, df = 8 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.23 (P = 0.82)
Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.94), I² = 0%

Lower target
Events

80
2
1

90
40
1

214

4
215

1

220

434

Total

2362
266
92

4678
1501

41
8940

237
12526

169
12932

21872

Standard target
Events

72
0
0

102
35
1

210

11
101

1

113

323

Total

2371
263
92

4683
1519

34
8962

233
6264
169

6666

15628

Weight

20.1%
0.1%
0.1%

28.5%
9.7%
0.3%

58.9%

3.1%
37.7%
0.3%

41.1%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.12 [0.82 , 1.53]
4.94 [0.24 , 102.49]
3.00 [0.12 , 72.70]
0.88 [0.67 , 1.17]
1.16 [0.74 , 1.81]

0.83 [0.05 , 12.77]
1.02 [0.85 , 1.23]

0.36 [0.12 , 1.11]
1.06 [0.84 , 1.35]

1.00 [0.06 , 15.86]
1.01 [0.81 , 1.27]

1.02 [0.88 , 1.18]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target

 
 

Blood pressure targets in adults with hypertension (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.4.   Comparison 1: Low vs Standard BP Target, Outcome 4: Total serious adverse events

Study or Subgroup

1.4.1 Systolic target
ACCORD 2010
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.35, df = 4 (P = 0.50); I² = 0%
Test for overall effect: Z = 1.47 (P = 0.14)

1.4.2 Diastolic target
REIN-2 2005
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.49 (P = 0.14)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 5.14, df = 5 (P = 0.40); I² = 3%
Test for overall effect: Z = 1.64 (P = 0.10)
Test for subgroup differences: Chi² = 1.78, df = 1 (P = 0.18), I² = 43.7%

Lower target
Events

529
34
19

1793
327

2702

39

39

2741

Total

2362
266
92

4678
1501
8899

169
169

9068

Standard target
Events

523
21
15

1736
326

2621

28

28

2649

Total

2371
263
92

4683
1519
8928

169
169

9097

Weight

19.7%
0.8%
0.6%

65.6%
12.3%
98.9%

1.1%
1.1%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.02 [0.91 , 1.13]
1.60 [0.95 , 2.68]
1.27 [0.69 , 2.34]
1.03 [0.98 , 1.09]
1.02 [0.89 , 1.16]
1.03 [0.99 , 1.08]

1.39 [0.90 , 2.15]
1.39 [0.90 , 2.15]

1.04 [0.99 , 1.08]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.5.   Comparison 1: Low vs Standard BP Target, Outcome 5: Myocardial infarction

Study or Subgroup

1.5.1 Systolic target
ACCORD 2010
Cardio-Sis 2008
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.28, df = 4 (P = 0.99); I² = 0%
Test for overall effect: Z = 1.87 (P = 0.06)

1.5.2 Diastolic target
ABCD (H) 2000
HOT 1998
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 1.17, df = 1 (P = 0.28); I² = 15%
Test for overall effect: Z = 1.85 (P = 0.07)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.77, df = 6 (P = 0.94); I² = 0%
Test for overall effect: Z = 2.56 (P = 0.01)
Test for subgroup differences: Chi² = 0.31, df = 1 (P = 0.58), I² = 0%

Lower target
Events

126
4
1
0

97
36

264

16
125

141

405

Total

2362
558
266
92

4678
1501
9457

237
12526
12763

22220

Standard target
Events

146
6
1
0

116
40

309

14
84

98

407

Total

2371
553
263
92

4683
1519
9481

233
6264
6497

15978

Weight

33.5%
1.4%
0.2%

26.7%
9.1%

71.0%

3.2%
25.8%
29.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.87 [0.69 , 1.09]
0.66 [0.19 , 2.33]

0.99 [0.06 , 15.72]
Not estimable

0.84 [0.64 , 1.09]
0.91 [0.58 , 1.42]
0.86 [0.73 , 1.01]

1.12 [0.56 , 2.25]
0.74 [0.57 , 0.98]
0.79 [0.61 , 1.02]

0.84 [0.73 , 0.96]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.6.   Comparison 1: Low vs Standard BP Target, Outcome 6: Stroke

Study or Subgroup

1.6.1 Systolic target
ACCORD 2010
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.20, df = 4 (P = 0.52); I² = 0%
Test for overall effect: Z = 2.61 (P = 0.009)

1.6.2 Diastolic target
ABCD (H) 2000
HOT 1998
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.03, df = 1 (P = 0.87); I² = 0%
Test for overall effect: Z = 0.47 (P = 0.64)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 6.72, df = 6 (P = 0.35); I² = 11%
Test for overall effect: Z = 1.80 (P = 0.07)
Test for subgroup differences: Chi² = 3.69, df = 1 (P = 0.05), I² = 72.9%

Lower target
Events

34
0
1

62
125

222

9
200

209

431

Total

2362
266
92

4678
1501
8899

237
12526
12763

21662

Standard target
Events

55
3
1

70
152

281

9
94

103

384

Total

2371
263
92

4683
1519
8928

233
6264
6497

15425

Weight

13.2%
0.8%
0.2%

16.9%
36.4%
67.6%

2.2%
30.2%
32.4%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.62 [0.41 , 0.95]
0.14 [0.01 , 2.72]

1.00 [0.06 , 15.75]
0.89 [0.63 , 1.24]
0.83 [0.66 , 1.04]
0.80 [0.67 , 0.94]

0.98 [0.40 , 2.43]
1.06 [0.83 , 1.36]
1.06 [0.84 , 1.34]

0.88 [0.77 , 1.01]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.7.   Comparison 1: Low vs Standard BP Target, Outcome 7: Congestive heart failure

Study or Subgroup

1.7.1 Systolic target
ACCORD 2010
Cardio-Sis 2008
SMAC-AF 2017
SPRINT 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.42, df = 2 (P = 0.18); I² = 41%
Test for overall effect: Z = 2.78 (P = 0.005)

1.7.2 Diastolic target
ABCD (H) 2000
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.04 (P = 0.97)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 3.78, df = 3 (P = 0.29); I² = 21%
Test for overall effect: Z = 2.72 (P = 0.007)
Test for subgroup differences: Chi² = 0.38, df = 1 (P = 0.54), I² = 0%

Lower target
Events

72
3
0

62

137

9

9

146

Total

2362
558
92

4678
7690

237
237

7927

Standard target
Events

80
7
0

100

187

9

9

196

Total

2371
553
92

4683
7699

233
233

7932

Weight

40.8%
3.6%

51.0%
95.4%

4.6%
4.6%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.90 [0.66 , 1.24]
0.42 [0.11 , 1.63]

Not estimable
0.62 [0.45 , 0.85]
0.73 [0.59 , 0.91]

0.98 [0.40 , 2.43]
0.98 [0.40 , 2.43]

0.75 [0.60 , 0.92]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target

 
 

Analysis 1.8.   Comparison 1: Low vs Standard BP Target, Outcome 8: End-stage renal failure

Study or Subgroup

1.8.1 Systolic target
ACCORD 2010
SMAC-AF 2017
SPRINT 2015
Schrier 2002
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 1.20, df = 2 (P = 0.55); I² = 0%
Test for overall effect: Z = 0.13 (P = 0.90)

1.8.2 Diastolic target
REIN-2 2005
Toto 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 1.47, df = 1 (P = 0.23); I² = 32%
Test for overall effect: Z = 1.01 (P = 0.31)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 3.20, df = 4 (P = 0.53); I² = 0%
Test for overall effect: Z = 0.47 (P = 0.64)
Test for subgroup differences: Chi² = 0.75, df = 1 (P = 0.39), I² = 0%

Lower target
Events

59
0
6
5

70

38
7

45

115

Total

2362
92

4678
41

7173

169
42

211

7384

Standard target
Events

58
0

10
3

71

34
2

36

107

Total

2371
92

4683
34

7180

169
35

204

7384

Weight

53.9%

9.3%
3.1%

66.3%

31.7%
2.0%

33.7%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.02 [0.71 , 1.46]
Not estimable

0.60 [0.22 , 1.65]
1.38 [0.36 , 5.37]
0.98 [0.71 , 1.36]

1.12 [0.74 , 1.69]
2.92 [0.65 , 13.15]
1.23 [0.83 , 1.82]

1.06 [0.83 , 1.37]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.9.   Comparison 1: Low vs Standard BP Target, Outcome 9: All other serious adverse events

Study or Subgroup

1.9.1 Systolic target
ACCORD 2010
Cardio-Sis 2008
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 11.64, df = 5 (P = 0.04); I² = 57%
Test for overall effect: Z = 7.68 (P < 0.00001)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 11.64, df = 5 (P = 0.04); I² = 57%
Test for overall effect: Z = 7.68 (P < 0.00001)
Test for subgroup differences: Not applicable

Lower target
Events

77
4

31
17

746
60

935

935

Total

2362
558
266
92

4678
1501
9457

9457

Standard target
Events

30
2

16
14

553
33

648

648

Total

2371
553
263
92

4683
1519
9481

9481

Weight

4.6%
0.3%
2.5%
2.2%

85.4%
5.1%

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

2.58 [1.70 , 3.91]
1.98 [0.36 , 10.78]
1.92 [1.07 , 3.42]
1.21 [0.64 , 2.32]
1.35 [1.22 , 1.50]
1.84 [1.21 , 2.80]
1.44 [1.32 , 1.59]

1.44 [1.32 , 1.59]

Risk Ratio
M-H, Fixed, 95% CI

0.02 0.1 1 10 50
Lower target Standard target

 
 

Analysis 1.10.   Comparison 1: Low vs Standard BP Target, Outcome 10: Systolic blood pressure achieved

Study or Subgroup

1.10.1 Systolic target
ACCORD 2010
Cardio-Sis 2008
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Schrier 2002
Subtotal (95% CI)
Heterogeneity: Chi² = 280.34, df = 6 (P < 0.00001); I² = 98%
Test for overall effect: Z = 67.22 (P < 0.00001)

1.10.2 Diastolic target
ABCD (H) 2000
HOT 1998
REIN-2 2005
Toto 1995
Subtotal (95% CI)
Heterogeneity: Chi² = 7.36, df = 3 (P = 0.06); I² = 59%
Test for overall effect: Z = 19.07 (P < 0.00001)

Total (95% CI)
Heterogeneity: Chi² = 1532.52, df = 10 (P < 0.00001); I² = 99%
Test for overall effect: Z = 60.31 (P < 0.00001)
Test for subgroup differences: Chi² = 1244.82, df = 1 (P < 0.00001), I² = 99.9%

Lower target
Mean

119.3
136

127.4
123.2
121.5

127
119.4

132
140.5
129.6

133

SD

12.4
11

14.8
13.2
12.4
12.4
13.2

11.75
11.7
10.9
19.4

Total

2362
558
266
92

4678
1501

41
9498

237
12526

169
42

12974

22472

Standard target
Mean

133.5
139.8
129.4
135.4
134.6

138
130.5

138
143.7
133.7

138

SD

12.5
10.6
14.8
15.7
12.5
12.5
16.7

11.34
11.3
12.6
11.8

Total

2371
553
263
92

4683
1519

34
9515

233
6264
169
35

6701

16216

Weight

11.9%
3.7%
0.9%
0.3%

23.4%
7.6%
0.1%

48.0%

1.4%
49.6%
0.9%
0.1%

52.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

-14.20 [-14.91 , -13.49]
-3.80 [-5.07 , -2.53]
-2.00 [-4.52 , 0.52]

-12.20 [-16.39 , -8.01]
-13.10 [-13.60 , -12.60]
-11.00 [-11.89 , -10.11]
-11.10 [-18.02 , -4.18]

-12.10 [-12.45 , -11.74]

-6.00 [-8.09 , -3.91]
-3.20 [-3.55 , -2.85]
-4.10 [-6.61 , -1.59]
-5.00 [-12.05 , 2.05]
-3.29 [-3.63 , -2.96]

-7.52 [-7.76 , -7.27]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Lower target Standard target

 
 

Blood pressure targets in adults with hypertension (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

50



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.11.   Comparison 1: Low vs Standard BP Target, Outcome 11: Diastolic blood pressure achieved

Study or Subgroup

1.11.1 Systolic target
ACCORD 2010
Cardio-Sis 2008
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
Schrier 2002
Subtotal (95% CI)
Heterogeneity: Chi² = 218.16, df = 5 (P < 0.00001); I² = 98%
Test for overall effect: Z = 58.97 (P < 0.00001)

1.11.2 Diastolic target
ABCD (H) 2000
HOT 1998
REIN-2 2005
Toto 1995
Subtotal (95% CI)
Heterogeneity: Chi² = 107.75, df = 3 (P < 0.00001); I² = 97%
Test for overall effect: Z = 41.33 (P < 0.00001)

Total (95% CI)
Heterogeneity: Chi² = 961.10, df = 9 (P < 0.00001); I² = 99%
Test for overall effect: Z = 67.46 (P < 0.00001)
Test for subgroup differences: Chi² = 635.19, df = 1 (P < 0.00001), I² = 99.8%

Lower target
Mean

64.4
79.2

72
76.7
68.7

77

78
82.15
79.5

81

SD

7
7.5

9
11.4

7
7

5.17
5.05
5.3

6.48

Total

2362
558
266
92

4678
41

7997

237
12526

169
42

12974

20971

Standard target
Mean

70.5
80.8
74.4
80.8
76.3
82.1

86
85.2
82.3

87

SD

7
7

8.9
10.2

7
7.4

5.24
5.1
7.1

5.92

Total

2371
553
263
92

4683
34

7996

233
6264
169
35

6701

14697

Weight

9.7%
2.1%
0.7%
0.2%

19.2%
0.1%

32.1%

1.7%
65.1%
0.9%
0.2%

67.9%

100.0%

Mean Difference
IV, Fixed, 95% CI

-6.10 [-6.50 , -5.70]
-1.60 [-2.45 , -0.75]
-2.40 [-3.93 , -0.87]
-4.10 [-7.23 , -0.97]
-7.60 [-7.88 , -7.32]
-5.10 [-8.38 , -1.82]
-6.61 [-6.83 , -6.39]

-8.00 [-8.94 , -7.06]
-3.05 [-3.20 , -2.90]
-2.80 [-4.14 , -1.46]
-6.00 [-8.77 , -3.23]
-3.18 [-3.33 , -3.03]

-4.28 [-4.41 , -4.16]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Lower target Standard target

 
 

Analysis 1.12.   Comparison 1: Low vs Standard BP Target, Outcome 12: Withdrawals due to adverse events

Study or Subgroup

1.12.1 Diastolic target
REIN-2 2005
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.99 (P = 0.32)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.99 (P = 0.32)
Test for subgroup differences: Not applicable

Lower target
Events

6

6

6

Total

159
159

159

Standard target
Events

3

3

3

Total

159
159

159

Weight

100.0%
100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

2.00 [0.51 , 7.86]
2.00 [0.51 , 7.86]

2.00 [0.51 , 7.86]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Lower target Standard target
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Analysis 1.13.   Comparison 1: Low vs Standard BP Target,
Outcome 13: Number of antihypertensive drugs used per patient

Study or Subgroup

1.13.1 Systolic target
ACCORD 2010
PAST-BP 2016
SMAC-AF 2017
SPRINT 2015
SPS3 2013
Schrier 2002
Subtotal (95% CI)
Heterogeneity: Chi² = 170.71, df = 5 (P < 0.00001); I² = 97%
Test for overall effect: Z = 48.27 (P < 0.00001)

1.13.2 Diastolic target
REIN-2 2005
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 6.51 (P < 0.00001)

Total (95% CI)
Heterogeneity: Chi² = 171.99, df = 6 (P < 0.00001); I² = 97%
Test for overall effect: Z = 48.69 (P < 0.00001)
Test for subgroup differences: Chi² = 1.28, df = 1 (P = 0.26), I² = 22.0%

Lower target
Mean

3.4
2.1

4.61
2.8
2.4
2.7

2.89

SD

1.41
1.41
1.85
1.41
1.41
0.8

1.2

Total

2362
266
92

4678
1501

41
8940

169
169

9109

Standard target
Mean

2.1
1.9

3
1.8
1.8
1.4

2.04

SD

1.37
1.37
1.16
1.37
1.4
0.6

1.2

Total

2371
263
92

4683
1519

34
8962

169
169

9131

Weight

25.6%
2.9%
0.8%

50.7%
16.0%
1.6%

97.5%

2.5%
2.5%

100.0%

Mean Difference
IV, Fixed, 95% CI

1.30 [1.22 , 1.38]
0.20 [-0.04 , 0.44]
1.61 [1.16 , 2.06]
1.00 [0.94 , 1.06]
0.60 [0.50 , 0.70]
1.30 [0.98 , 1.62]
1.00 [0.96 , 1.04]

0.85 [0.59 , 1.11]
0.85 [0.59 , 1.11]

1.00 [0.96 , 1.04]

Mean Difference
IV, Fixed, 95% CI

-2 -1 0 1 2
Lower target Standard target

 

 

A D D I T I O N A L   T A B L E S
 

Trial Lower target Standard target

ACCORD < 120 mm Hg < 140 mm Hg

Cardio-Sis < 130 mm Hg < 140 mm Hg

SPS 3 < 130 mm Hg between 130 mm Hg and 139 mm Hg

SPRINT < 120 mm Hg < 140 mm Hg

PAST-BP < 130 mm Hg < 140 mm Hg

SMAC-AF < 120 mm Hg < 140 mm Hg

Schrier < 120 mm Hg between 135 mm Hg and 140 mm Hg

Table 1.   Interventions in trials comparing SBP targets 

 
 

Trial Lower target Standard target

ABCD-H < 75 mm Hg between 80 mm Hg and 89 mm Hg

HOT < 80 mm Hg and < 85 mm Hg < 90 mm Hg

Table 2.   Interventions in trials comparing DBP targets 
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REIN-2 < 80 mm Hg < 90 mm Hg

Toto between 65 and 80 mm Hg between 85 mm Hg and 95 mm Hg

SMAC-AF < 80 mm Hg < 90 mm Hg

Schrier < 80 mm Hg between 85 mm Hg and 90 mm Hg

Table 2.   Interventions in trials comparing DBP targets  (Continued)

 

 

A P P E N D I C E S

Appendix 1. Search Strategies

Database: Ovid MEDLINE(R) 1946 to Present with Daily Update
Search Date: 31 May 2019
--------------------------------------------------------------------------------
1 hypertension/
2 hypertens$.tw,kw.
3 exp blood pressure/
4 (blood pressure or bloodpressure).tw,kw.
5 or/1-4
6 ((goal? or intensive$ or strict$ or target$ or tight$) adj4 (antihypertensive? or hypertensive? or bp or control or dbp or diastolic or pressure?
or sbp or systolic or treat$)).tw,kw.
7 randomized controlled trial.pt.
8 controlled clinical trial.pt.
9 randomized.ab.
10 placebo.ab.
11 clinical trials as topic/
12 randomly.ab.
13 trial.ti.
14 or/7-13
15 animals/ not (humans/ and animals/)
16 14 not 15
17 5 and 6 and 16
--------------------------------------------------------------------------------
Database: Cochrane Hypertension Specialised Register via Cochrane Register of Studies (CRS-Web)
Search Date: 31 May 2019

--------------------------------------------------------------------------------
#1 (goal* or intensive* or strict* or target* or tight*) NEAR4 (antihypertensive* or hypertensive* or bp or control or dbp or diastolic or
pressure* or sbp or systolic or treatment*) AND INSEGMENT
#2 RCT:DE AND INSEGMENT
#3 Review:MISC2 AND INSEGMENT
#4 #2 OR #3 AND INSEGMENT
#5 #1 AND #4 AND INSEGMENT
--------------------------------------------------------------------------------
Database: Cochrane Central Register of Controlled Trials via Cochrane Register of Studies (CRS-Web)
Search Date: 31 May 2019

-------------------------------------------------------------------------------
#1 MESH DESCRIPTOR hypertension EXPLODE ALL AND CENTRAL:TARGET
#2 hypertens*:ti,ab AND CENTRAL:TARGET
#3 MESH DESCRIPTOR blood pressure EXPLODE ALL AND CENTRAL:TARGET
#4 (blood pressure OR bloodpressure) AND CENTRAL:TARGET
#5 #1 OR #2 OR #3 OR #4 AND CENTRAL:TARGET
#6 (goal* or intensive* or strict* or target* or tight*) NEAR4 (antihypertensive* or hypertensive* or bp or control or dbp or diastolic or
pressure* or sbp or systolic or treatment*) AND CENTRAL:TARGET
#7 #5 AND #6 AND CENTRAL:TARGET
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#8 #7 NOT *:MH AND CENTRAL:TARGET
#9 #7 NOT *:EM AND CENTRAL:TARGET
#10 #8 AND #9

--------------------------------------------------------------------------------
Database: Embase <1974 to 2019 May 31>
Search Date: 31 May 2019
--------------------------------------------------------------------------------
1 exp hypertension/
2 hypertens$.tw,kw.
3 blood pressure.mp.
4 or/1-3
5 ((goal? or intensive$ or strict$ or target$ or tight$) adj2 (antihypertensive? or hypertensive? or bp or control or dbp or diastolic or pressure?
or sbp or systolic or treatment$)).tw,kw.
6 randomized controlled trial/
7 crossover procedure/
8 double-blind procedure/
9 (randomi?ed or randomly).tw.
10 (crossover$ or cross-over$).tw.
11 placebo.ab.
12 (doubl$ adj blind$).tw.
13 assign$.ab.
14 allocat$.ab.
15 or/6-14
16 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)
17 15 not 16
18 4 and 5 and 17
--------------------------------------------------------------------------------
Database: ClinicalTrials.gov
Search Date: 31 May 2019
--------------------------------------------------------------------------------
Search Terms: (goal OR intensive OR strict OR target OR tight) AND (randomized)
Study type: Interventional Studies
Conditions: hypertension
Outcome Measures: blood pressure
--------------------------------------------------------------------------------
Database: WHO International Clinical Trials Registry Platform (ICTRP)
Search Date: 31 May 2019
--------------------------------------------------------------------------------
goal AND blood pressure AND randomized
intensive AND blood pressure AND randomized
strict AND blood pressure AND randomized
target AND blood pressure AND randomized
tight AND blood pressure AND randomized

W H A T ' S   N E W

 

Date Event Description

30 November 2020 New citation required and conclusions
have changed

Substantial update with stronger conclusions

30 November 2020 New search has been performed Four new included studies were added in this updated review

 

H I S T O R Y

Protocol first published: Issue 3, 2003
Review first published: Issue 3, 2009
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Date Event Description

28 March 2020 New citation required and conclusions
have changed

7 new RCTs were included in this update and conclusions are
more certain 

2 March 2020 Amended Decision to not include total cardiovascular events as a compos-
ite outcome as it was not reported consistently in the different
trials 

18 November 2011 New search has been performed Minor numerical typographical errors corrected.

12 August 2008 Amended Converted to new review format.

11 November 2003 Amended Minor changes included in the protocol
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In the protocol we did not separate the trials according to systolic or diastolic targets. In the review we have set up the systolic targets and
diastolic targets as subgroups so it is possible to see the data separately for each target.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Antihypertensive Agents  [*therapeutic use];  Bias;  Blood Pressure  [*physiology];  Cardiovascular Diseases  [mortality];  Cause of Death;
  Confidence Intervals;  Diastole  [physiology];  Guidelines as Topic;  Heart Failure  [prevention & control];  Hypertension  [*drug therapy]
 [mortality];  Kidney Failure, Chronic  [mortality];  Myocardial Infarction  [prevention & control];  Numbers Needed To Treat;  Randomized
Controlled Trials as Topic;  Reference Values;  Stroke  [epidemiology]
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MeSH check words

Humans; Middle Aged
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