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IMPORTANCE High blood pressure (BP) is the most important risk factor for death and

cardiovascular disease (CVD) worldwide. The optimal cutoff for treatment of high BP is
debated.
OBJECTIVE To assess the association between BP lowering treatment and death and CVD at
different BP levels.
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DATA SOURCES Previous systematic reviews were identified from PubMed, the Cochrane
Database of Systematic Reviews, and the Database of Abstracts of Reviews of Effect.
Reference lists of these reviews were searched for randomized clinical trials. Randomized
clinical trials published after November 1, 2015, were also searched for in PubMed and the
Cochrane Central Register for Controlled Trials during February 2017.
STUDY SELECTION Randomized clinical trials with at least 1000 patient-years of follow-up,

comparing BP-lowering drugs vs placebo or different BP goals were included.
DATA EXTRACTION AND SYNTHESIS Data were extracted from original publications. Risk of
bias was assessed using the Cochrane Collaborations assessment tool. Relative risks (RRs)
were pooled in random-effects meta-analyses with Knapp-Hartung modification. Results are
reported according to PRISMA guidelines.
MAIN OUTCOMES AND MEASURES Prespecified outcomes of interest were all-cause mortality,
cardiovascular mortality, major cardiovascular events, coronary heart disease (CHD), stroke,
heart failure, and end-stage renal disease.
RESULTS Seventy-four unique trials, representing 306 273 unique participants (39.9%
women and 60.1% men; mean age, 63.6 years) and 1.2 million person-years, were included in
the meta-analyses. In primary prevention, the association of BP-lowering treatment with
major cardiovascular events was dependent on baseline systolic BP (SBP). In trials with
baseline SBP 160 mm Hg or above, treatment was associated with reduced risk for death (RR,
0.93; 95% CI, 0.87-1.00) and a substantial reduction of major cardiovascular events (RR,
0.78; 95% CI, 0.70-0.87). If baseline SBP ranged from 140 to 159 mm Hg, the association of
treatment with mortality was similar (RR, 0.87; 95% CI, 0.75-1.00), but the association with
major cardiovascular events was less pronounced (RR, 0.88; 95% CI, 0.80-0.96). In trials
with baseline SBP below 140 mm Hg, treatment was not associated with mortality (RR, 0.98;
95% CI, 0.90-1.06) and major cardiovascular events (RR, 0.97; 95% CI, 0.90-1.04). In trials
including people with previous CHD and mean baseline SBP of 138 mm Hg, treatment was
associated with reduced risk for major cardiovascular events (RR, 0.90; 95% CI, 0.84-0.97),
but was not associated with survival (RR, 0.98; 95% CI, 0.89-1.07).
CONCLUSIONS AND RELEVANCE Primary preventive BP lowering is associated with reduced

risk for death and CVD if baseline SBP is 140 mm Hg or higher. At lower BP levels, treatment is
not associated with any benefit in primary prevention but might offer additional protection in
patients with CHD.
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Association of Blood Pressure Lowering With Mortality and CVD

H

igh blood pressure (BP) is the most important risk factor for death and cardiovascular disease (CVD)
worldwide.1 Guidelines uniformly recommend treating high BP to a systolic BP (SBP) goal below 140 mm Hg.2-4
Within the past 2 years, the Systolic Blood Pressure Intervention Trial (SPRINT)5 and a meta-analysis of BP lowering at
different SBP levels6 were published. Both studies found beneficial effects of antihypertensive treatment in people already below current goals. Based on these results, many have
argued for lower SBP goals in high-risk patients.7,8
Contrary to this finding, we have previously shown that
intensive BP lowering might be harmful in people with
diabetes. 9 Also, the results from SPRINT and the metaanalysis are difficult to interpret.5,6 The BP measurement
method used in SPRINT results in lower values compared with
standard methods, the difference between methods being between 10 and 20 mm Hg.10,11 The meta-analysis by Ettehad
et al6 used a method of standardization that exaggerates treatment effect and distorts study weights.12 Also, a number of
trials were missing from that meta-analysis.6
We performed a systematic review and meta-analysis to
estimate the treatment effect of BP lowering on death and CVD
across SBP levels. We aimed to achieve a more comprehensive study inclusion than previous meta-analyses, and we used
nonstandardized methods, with risk ratios and SEs derived
from raw data.
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Key Points
Question What is the association between treatment to lower
blood pressure and death and cardiovascular disease at different
blood pressure levels?
Findings In this systematic review and meta-analysis, including 74
trials and more than 300 000 patients, treatment to lower blood
pressure was associated with a reduced risk for death and
cardiovascular disease if baseline systolic blood pressure was 140
mm Hg or above. Below 140 mm Hg, the treatment effect was
neutral in primary preventive trials, but with possible benefit on
nonfatal cardiovascular events in trials of patients with coronary
heart disease.
Meaning Systolic blood pressure of 140 mm Hg or higher should
be treated to prevent death and cardiovascular disease, whereas
treatment may be considered in patients with coronary heart
disease and systolic blood pressure below 140 mm Hg, but not for
primary prevention.

Data Extraction and Quality Assessment

We identified relevant trials through a 2-step process following PRISMA guidelines (eFigure 1 in the Supplement). First, we
searched PubMed, the Cochrane Database of Systematic Reviews (CDSR), and the Database of Abstracts of Reviews of
Effect (DARE) to identify previous systematic reviews. Reference lists from relevant reviews were scrutinized for trials. Second, we searched PubMed and Cochrane Central Register for
Controlled Trials (CENTRAL) to find trials published after the
latest previous electronic search included in the reviews. Records were screened assessing titles and abstracts and thereafter retrieved in full text and judged according to eligibility
criteria. Search strategies are described in eMethods 1 in the
Supplement.

The risk of bias in all eligible trials was assessed using Cochrane Collaborations risk for bias tool by both of us separately.16
Studies judged to be at high risk of selection bias, performance
bias, or detection bias were excluded from the meta-analyses
(eTable 1 in the Supplement). Attrition bias was generally judged
on study level for all outcomes. In 1 study,17 mortality data were
collected to a large extent, whereas many participants were lost
to follow-up with respect to cardiovascular events. Hence, this
study was included in the mortality analyses but not in analyses of other outcomes. Selective reporting of study outcomes
impairs the validity of meta-analyses on outcome level. Therefore, trials judged to be at high risk of selective reporting were
not excluded from any analyses, but instead the possible lack
of data should be held in mind interpreting the results of such
analyses. We systematically searched for early termination, baseline imbalances, protocol changes, and sponsor involvement as
other potential sources of bias.
Data were extracted separately by both of us from original publications into a specially designed spreadsheet (Excel,
version 14.7.0; Microsoft Corp). In case of disagreement, we
revisited the original publications and resolved any ambiguity by discussion. For 6 trials, we used additional data from previous reviews or Clinical Trials in Hypertension.18 In 4 cases,
this concerned BP values, and in 2 cases, outcome data. In both
cases of outcome data, the review authors were also coauthors of the original publication, and hence we judge these data
as valid.6 Data on clinical characteristics, comorbidities, and
interventions were collected on study level. The numbers of
participants, all-cause deaths, cardiovascular deaths, major cardiovascular events (MACE), coronary heart disease (CHD)
events, strokes, heart failure events, and end-stage renal disease events were collected for each treatment arm separately.
Outcome definitions are given in eMethods 2 in the Supplement. We extracted SBP values at baseline for all participants
together and the follow-up SBP values for each treatment arm
separately. The difference in SBP between treatment arms was
calculated from follow-up SBP values in each arm if not presented separately.

jamainternalmedicine.com

(Reprinted) JAMA Internal Medicine January 2018 Volume 178, Number 1

Methods
We performed a systematic review and meta-analysis of randomized clinical trials to assess the effect of BP-lowering treatment
on cardiovascular outcomes at different SBP levels. The review
was not registered a priori, and no formal protocol was developed.
We included trials with at least 1000 patient-years of follow-up that compared drugs against placebo or different BP
targets against each other. Trials comparing agents against each
other were not eligible because they risk assessing BPindependent effects of agents.13 We excluded trials in patients with heart failure or left ventricular dysfunction and trials
in the acute phase after myocardial infarction because other
mechanisms than BP lowering might be responsible for treatment effects in these settings.14,15

Data Sources and Searches
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funnel plots by SBP strata. All analyses were performed using
STATA software (version 12; StataCorp). P < .05 indicated
significance.

Trials were classified as primary preventive if less than 50%
of patients had clinically established CVD or atherosclerotic disease documented through angiography or ultrasonography. If
more than 50% of patients had previous CVD, trials were classified as CHD trials, poststroke trials, or mixed CVD trials based
on which type of CVD was most prevalent. We analyzed trial
categories separately because trials in different categories were
judged to be clinically heterogeneous, representing different
patient populations and diverse clinical situations.
We calculated relative risks (RRs) in treated patients vs controls for all outcomes in all trials. Risks were calculated using
data from original publications, according to the intention-totreat principle. Originally, we planned to perform metaanalyses stratified by baseline SBP to assess treatment effect
at different BP levels and meta-regression analyses to explore the potential interaction between baseline SBP and treatment effect, for each category of trials and each outcome separately. For CHD trials, 9 of 12 studies,19-27 including more than
90% of patients, had baseline SBPs ranging from 129 to 141
mm Hg. Poststroke trials included 6 studies28-33 and mixed CVD
trials included 5 studies.17,34-37 For the above reasons, neither
stratified meta-analyses or meta-regression analyses were considered suitable in these trial categories. Results were instead
pooled using nonstratified random-effects meta-analyses with
Knapp-Hartung modification. We used the Knapp-Hartung
modification to better estimate imprecision in meta-analyses
with heterogeneity and few included trials.38
In primary preventive trials, we performed stratified metaanalyses, using BP categories below 140 mm Hg, 140 to 159
mm Hg, and 160 mm Hg or above. These categories were chosen to represent different stages of hypertension, where below 140 mm Hg is classified as normotension; 140 to 159
mm Hg, as mild hypertension; and 160 mm Hg or above, as
moderate to severe hypertension.3 Interaction between baseline SBP and treatment effect was estimated using randomeffects meta-regression. First, we performed univariate metaregression with baseline SBP as the independent variable and
treatment effect as the dependent variable. Second, we performed multivariate meta-regression, adding mean age, sex
(percentage female), diabetes (dichotomous at ≥50% or <50%),
and treatment duration (mean or median) as covariates. Figure 1
includes multivariate estimates; univariate estimates are given
in eTables 2 and 3 in the Supplement.
Sensitivity analyses were performed to further test the robustness of our results. We performed analyses excluding trials
that included people with heart failure, analyses restricted to
true primary and secondary preventive trials, analyses excluding trials using automated BP measurement devices, and analyses excluding trials with a BP difference between treatment
arms of less than 5 mm Hg.
The risk of publication bias across trials was assessed using
funnel plots for primary preventive trials and CHD trials separately. The number of poststroke trials and mixed CVD trials
was too small for funnel plots to be meaningful.39 We tested
for funnel plot asymmetry with the Egger and Harbord
tests.40,41 To assess how baseline SBP affects funnel plot asymmetry in primary preventive trials, we marked trials in the

We found 86 potentially eligible trials. Eight of these were judged
to be at high risk of bias and were excluded from all analyses.
Four trials did not present BP or outcome data and could not
be included (eTable 1 in the Supplement). The final analyses included 74 unique trials,5,17,19-26,28-32,34-37,42-87 corresponding to
306 273 unique participants (39.9% women and 60.1% men;
mean age, 63.6 years) and 1.2 million patient-years of follow-up (eTable 4 in the Supplement for trial characteristics and
eTables 5 and 6 in the Supplement for risk of bias assessment).
Of these, 70 trials reported funding sources. Fifty-six
trials17,19-28,30,31,33-37,42,44-47,49-55,58,60-62,64-72,74,75,77-81,85,87-91 were
partially or fully sponsored by the industry, whereas 14
trials5,29,32,43,48,56,59,63,76,82,83,92-94 were fully funded by governmental grants or academia. Weighted mean completeness
of follow-up was 97.3% for all-cause mortality.
Fifty-one trials,5,42-84,88-94 including 192 795 participants,
were categorized as primary preventive. These trials included
46.7% women with a mean age of 63 years. The mean baseline
SBP was 154 mm Hg; patients were followed up for a mean of
4.0 years; and mean SBP difference between treatment and
control during follow-up was 6.6 mm Hg.
Results from stratified meta-analyses of primary preventive trials are shown in Figure 1 and eTable 7 in the Supplement. Treatment to lower BP reduced the risk for all-cause
mortality if the baseline SBP ranged from 140 to 159 mm Hg
(RR, 0.87; 95% CI, 0.75-1.00) or was 160 mm Hg or above (RR,
0.93; 95% CI, 0.87-1.00). For baseline SBP below 140 mm Hg,
the point estimate indicates null treatment effect with CIs
excluding more than 10% RR reduction (RR, 0.98; 95% CI,
0.90-1.06). Multivariate meta-regression analysis was not
significant for an interaction between baseline SBP and
treatment effect (P = .18). For cardiovascular mortality, on
the other hand, meta-regression analysis found a linear
association between baseline SBP and treatment effect
(P = .02). Cardiovascular mortality was reduced by 15% if
baseline SBP was 160 mm Hg or above (RR, 0.85; 95% CI,
0.77-0.95), whereas results were neutral below 140 mm Hg
(RR, 1.03; 95% CI, 0.87-1.20).
Treatment association with MACE followed a linear pattern across SBP levels (P = .004). The composite end point was
reduced by 22% if baseline SBP was 160 mm Hg or above (RR,
0.78; 95% CI, 0.70-0.87) and by 12% if baseline SBP was 140
to 159 mm Hg (RR, 0.88; 95% CI, 0.80-0.96), but remained unaffected if baseline SBP was below 140 mm Hg (RR, 0.97; 95%
CI, 0.90-1.04). Point estimates for CHD and stroke showed similar patterns, although meta-regression analyses were not significant for individual outcomes. Of note, BP lowering was
highly effective in reducing the risk for stroke at BP levels of
160 mm Hg or above, with a mean RR reduction of 31% (RR,
0.69; 95% CI, 0.60-0.80). The effect of treatment on heart failure is hard to interpret. The stratified analysis showed a sig-
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Figure 1. Effect of Treatment to Lower Blood Pressure (BP) at Different BP Levels in Primary Prevention
Favors
Treatment

Heterogeneity
I 2 Value, %

No. of Events/
Participants/Trials

RR (95% CI)

<140

4897/68 816/16

0.98 (0.90-1.06)

11.6

140-159

2731/41 049/15

0.87 (0.75-1.00)

43.2

≥160

4361/79 900/18

0.93 (0.87-1.00)

17.0

<140

2633/66 480/12

1.03 (0.87-1.20)

43.4

140-159

1465/42 587/15

0.86 (0.65-1.14)

57.9

≥160

2290/78 789/17

0.85 (0.77-0.95)

18.0

<140

7354/67 928/13

0.97 (0.90-1.04)

30.6

140-159

3951/43 489/16

0.88 (0.80-0.96)

31.0

≥160

4627/77 733/16

0.78 (0.70-0.87)

53.8

<140

1618/62 617/11

0.98 (0.88-1.09)

0.0

140-159

1369/42 543/14

0.86 (0.76-0.96)

0.0

≥160

2018/78 617/17

0.86 (0.78-0.94)

0.0

<140

1775/62 751/11

0.85 (0.68-1.06)

54.1

140-159

1429/41 641/13

0.86 (0.72-1.01)

21.4

≥160

1929/79 900/18

0.69 (0.60-0.80)

47.3

<140

2261/60 879/9

0.88 (0.78-0.98)

29.8

140-159

1113/35 254/10

0.87 (0.73-1.04)

5.3

≥160

520/23 395/10

0.53 (0.42-0.67)

17.6

<140

488/24 512/5

0.84 (0.57-1.24)

42.5

140-159

870/32 984/7

0.88 (0.74-1.04)

0.0

≥160

32/5566/2

0.73 (0.01-6.45)

0.0

Baseline SBP, mm Hg

Favors
Control

All-cause mortality

SBP interaction, P = .18
Cardiovascular mortality

SBP interaction, P = .02
Major cardiovascular events

SBP interaction, P = .004
Coronary heart disease

SBP interaction, P = .13
Stroke

SBP interaction, P = .16
Heart failure

SBP interaction, P = .005
End-stage renal disease

SBP interaction, P = .32
0.5

1

2

RR (95% CI)

RR indicates relative risk; SBP, systolic
BP. Different size markers indicate
weight. Studies included in the
analyses are given in eTable 7 in the
Supplement.

nificant risk reduction if baseline SBP was below 140 mm Hg
(RR, 0.88; 95% CI, 0.78-0.98). However, the effect was nonsignificant at a baseline SBP of 140 to 159 mm Hg (RR, 0.87;
95% CI, 0.73-1.04), and meta-regression analysis indicated decreasing treatment effect at lower baseline SBPs (P = .005). The
effect of BP lowering on end-stage renal disease showed no
clear pattern across BP levels and was nonsignificant at all BP
levels.
Twelve trials, 19-27,85-87 including 77 562 participants,
were categorized as CHD trials. These trials included only
23.8% women and had substantially lower baseline SBP (138
mm Hg) compared with primary preventive trials. Also, all
CHD trials were partially or fully sponsored by the industry.
Mean age was 64 years; patients were followed up for a mean
of 4.5 years, with a mean difference of 3.8 mm Hg in SBP
between treatment and control groups. Meta-analyses in
CHD trials (Figure 2) found no association between treatment
and all-cause (RR, 0.98; 95% CI, 0.89-1.07) or cardiovascular
(RR, 0.95; 95% CI, 0.84-1.09) mortality, but reduced risk for
MACE (RR, 0.90; 95% CI, 0.84-0.97), as well the individual

components of CHD (RR, 0.88; 95% CI, 0.77-1.00), stroke
(RR, 0.83; 95% CI, 0.73-0.96), and heart failure (RR, 0.83;
95% CI, 0.72-0.96). Of note, heterogeneity was high for mortality outcomes, MACE, and CHD. This finding could be
explained by differences in baseline SBP, with numerically
larger effect in trials with higher baseline SBP, although
meta-regression analysis failed to confirm this.
Six trials,28-33 including 32 102 patients, were classified as
poststroke trials. These trials included 35.1% women, with a
mean age of 65 years and mean baseline SBP of 146 mm Hg.
Participants were followed up for a mean of 2.9 years, with a
mean SBP difference of 5.9 mm Hg between treatment arms.
Confidence intervals for meta-analyses were generally wide,
indicating low power to detect treatment effect (Figure 3). We
found a nonsignificant tendency toward decreased risk of
MACE (RR, 0.88; 95% CI, 0.76-1.01) and recurrent stroke (RR,
0.86; 95% CI, 0.74-1.01), with inconclusive results for other
outcomes. Heterogeneity was generally low but should be interpreted with caution owing to low power to detect heterogeneity in these analyses.
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Figure 2. Effect of Treatment to Lower Blood Pressure (BP) in Coronary Heart Disease Trials
Favors
Treatment

Heterogeneity
I 2 Value, %

Outcome

No. of Events/
Participants/Trials

RR (95% CI)

All-cause mortality

7061/77 562/12

0.98 (0.89-1.07)

49.1

CV mortality

4156/76 737/11

0.95 (0.84-1.09)

55.3

MACE

13 075/77 562/12

0.90 (0.84-0.97)

65.1

Coronary heart disease

4112/68 305/10

0.88 (0.77-1.00)

55.8

Stroke

2412/75 812/11

0.83 (0.73-0.96)

31.8

Heart failure

2905/74 385/9

0.83 (0.72-0.96)

38.4
0.5

Favors
Control

1

2

RR (95% CI)

CV indicates cardiovascular; MACE, major cardiovascular events; and RR, relative risk. The following trials were included in the analysis: Poole-Wilson et al,19 Nissen
et al,20 Fox and the EUROPA Investigators,21 Yusuf et al,22 Rouleau et al,85 the MACB Study Group (all outcomes except coronary heart disease and heart failure),86
Yusuf et al,23 Braunwald et al (all outcomes except coronary heart disease),24 Pitt et al (all outcomes except CV mortality),25 Pitt et al (all outcomes except stroke
and heart failure),87 Teo et al (all outcomes except heart failure),26 and Yusuf et al.27

Figure 3. Effect of Treatment to Lower Blood Pressure (BP) in Poststroke Trials
Outcome

No. of Events/
Participants/Trials

RR (95% CI)

All-cause mortality

2610/32 102/6

1.00 (0.91-1.10)

CV mortality

1179/32 102/6

0.91 (0.78-1.05)

0.0

MACE

4731/32 102/6

0.88 (0.76-1.01)

62.1

Coronary heart disease

844/32 102/6

0.89 (0.72-1.11)

1.7

Stroke

3167/32 102/6

0.86 (0.74-1.01)

53.5

Heart failure

508/26 889/3

0.85 (0.32-2.29)

68.1

Favors
Control

Favors
Treatment

Heterogeneity
I 2 Value, %
0.0

0.5

1

2

RR (95% CI)

CV indicates cardiovascular; MACE, major cardiovascular events; and RR, relative risk. The following trials were included in all the analyses except for heart failure:
the Dutch TIA Trial Study Group,28 Hypertension-Stroke Cooperative Study Group,29 Yusuf et al,30 MacMahon et al,31 Benavente et al,32 and Eriksson et al.33 The
following trials were included in the heart failure analysis: Hypertension-Stroke Cooperative Study Group,29 Yusuf et al,30 and MacMahon et al.31

Mixed CVD trials17,34-37 included heterogeneous patient
populations, and meta-analyses were inconclusive for all
outcomes. These analyses were judged to be noninformative
and are therefore only reported in eFigure 2 in the Supplement.
Sensitivity analyses restricted to true primary or secondary preventive trials, excluding trials that included people with
heart failure, excluding trials that used automated BP measurements, and excluding trials with 5 mm Hg or less withintrial BP difference, confirmed the null effect in primary prevention below 140 mm Hg, the beneficial effect in primary
prevention of 160 mm Hg or above, and the reduced risk for
MACE in people with previous CHD (eTables 8-11 in the Supplement). Some analyses had limited power, resulting in wide CIs.
Funnel plot asymmetry was found for MACE and stroke
in primary preventive trials (eFigures 3-24 in Supplement). Visual inspection of stratified funnel plots suggested asymmetry within the highest SBP stratum, which was also confirmed in separate analyses.

This systematic review with stratified meta-analyses shows
that the primary preventive effect of BP-lowering treatment
on CVD is attenuated with lower baseline SBP. Treatment was

associated with reduced a risk for death and MACE if baseline
SBP is 140 mm Hg or above, but it lacks effect if baseline SBP
is below 140 mm Hg. These results refute the previous view
that the relative benefit of treatment is the same across BP levels and that lower is always better.6,15 In CHD trials, the effect
of baseline SBP on treatment effect could not be analyzed
owing to lack of spread in BP values between trials. Mean
baseline SBP in these trials was slightly below 140 mm Hg,
with positive effects on several cardiovascular outcomes,
indicating a possible benefit of lower treatment goals in this
specific population.
The results presented herein are consistent with those
from a recently published systematic review of BP-lowering
treatment in people with diabetes.9 In the diabetes review,
we found an interaction between mean baseline SBP in trials
and treatment effect on all-cause mortality, cardiovascular
mortality, and myocardial infarction. Also, the results from
the recently published Heart Outcomes Prevention Evaluation 3 (HOPE-3) trial60,95 point in the same direction. In the
HOPE-3 trial, people with intermediate cardiovascular risk
were randomized to BP-lowering treatment and/or treatment
to lower lipid levels vs placebo in a 2×2 factorial design.
Although treatment to lower lipid levels was beneficial
regardless of baseline low-density lipoprotein values, the
effect of BP lowering significantly interacted with baseline
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other trials, it would most likely have appeared in the strata
of 140 to 159 mm Hg.

SBP. In the highest SBP tertile, treatment reduced the risk for
the primary composite cardiovascular outcome, whereas the
lowest SBP tertile tended toward harm.
The results presented herein contrast those of 2 recent
meta-analyses.6,96 Ettehad and collegues6 showed that the
effect of BP lowering on mortality and cardiovascular events
was independent of baseline SBP, with beneficial effects
across all SBP strata. These findings were confirmed
by Bundy et al96 in a recent network meta-analysis. The differences between our results and those of Ettehad et al6 and
Bundy et al96 can be explained because our analyses are
more comprehensive. We include 19 additional trials
compared with Ettehad et al6 and 43 additional trials compared with Bundy et al. 96 Adding to this, Bundy et al 96
included heart failure trials and trials in the acute phase
after myocardial infarction, in their analyses. Such trials
will inevitably bias meta-analyses of BP lowering because
treatment acts through different mechanisms in these
conditions.14,15
Ettehad et al6 standardized the effect estimate and the
weight in the included trials to an SBP reduction of 10
mm Hg. Standardization of effect estimates assumes that
treatment effects on clinical outcomes are associated with
SBP reduction in a linear way across all SBP levels.12 The
results of our meta-analyses suggest that this is not the
case, with substantial risk reductions at high SBPs but no
effect or a small effect at low SBPs. Standardization of study
weights distorts the association between number of events
and weight, so that large trials with modest BP reductions
may be overshadowed by smaller trials with greater BP
reduction.12 For example, the Hypertension Optimal Treatment (HOT) trial, including 18 792 participants, is given
0.6% weight in the all-cause mortality analysis, whereas the
European Working Party on High Blood Pressure in the
Elderly (EWPHE) trial, including 840 participants, is given
7.3% weight.6
Two recent reviews97,98 focusing on trials comparing different BP targets have found that more intensive treatment is
beneficial compared to less intensive treatment. Further, neither of these reviews have found an interaction between SBP
level and treatment effect. Although these analyses are useful to test the concept of BP targets, they lack power to test for
interaction between treatment effect and SBP level. For example, Xie et al97 included 3 trials with baseline SBP below 140
mm Hg in their interaction analysis, compared with 16
trials5,42-44,47,55,60,68,71,74-78,80,92 with similar SBPs in our metaregression analyses.
At first glance, our results also contrast those of SPRINT.5
In SPRINT, participants with a mean baseline SBP of 139.7
mm Hg were randomized to an SBP goal below 120 mm Hg compared with below 140 mm Hg. The trial was stopped preterm
because the treatment effect on mortality and composite cardiovascular events was dramatic. However, BP in SPRINT was
measured using self-operated automated BP measurement
devices.10,11 This unattended measuring has previously been
shown to give SBP values that are 10 to 20 mm Hg lower compared with attended office measurements, meaning that if BP
had been measured using the same method in SPRINT as in

This systematic review has 2 major limitations. First, we only
had access to study-level data. Therefore, the stratified analyses and the meta-regression analyses are susceptible to
ecological bias, with the potential for other intertrial differences, except baseline SBP levels, to affect results. We performed separate analyses for primary preventive trials, CHD
trials, poststroke trials, and mixed CVD trials to minimize bias
from previous vascular diseases. We also included age, sex, diabetes, and treatment duration as covariates in our metaregression analyses to account for differences in these potential effect modifiers. None of these factors showed any
significant association with treatment effect in separate regression analyses. Another potential source of ecological bias
is that trials with high baseline SBP often achieve large BP reductions, whereas trials with lower baseline SBP achieve more
modest reductions.15 The SBP difference between treatment
and control was 5.4 mm Hg in the stratum with baseline SBP
below 140 mm Hg; 4.6 mm Hg, with baseline SBP of 140 to 159
mm Hg; and 8.6 mm Hg, with baseline SBP of 160 mm Hg or
above. The difference in RR for MACE can hardly be accounted for by the small BP difference between the strata below 140 mm Hg (RR, 0.97; 95% CI, 0.90-1.04) and 160 mm Hg
or above (RR, 0.78; 95% CI, 0.70-0.87).
The second major limitation is that the classification of
trials as primary or secondary preventive is very rough, using
a dichotomous approach based on the proportion of participants in each trial with previous CVD. We chose this approach because we wanted to include all trials, not discarding mixed trial populations, and because more detailed
stratification would have resulted in dimensionality problems with simultaneous stratification on SBP. Only 13 trials were
truly primary preventive, and 17 trials truly secondary preventive, in the sense that none or all of the included patients
had previous CVD. This definition leaves 44 trials with mixed
populations, 38 of which were distributed continuously from
0 to 50%. Although trials were separated dichotomously, the
mean proportion of patients with previous CVD was 16% in the
primary preventive group and 92% in the secondary preventive groups combined. We believe that these analyses are sufficient to test the concept of interaction, but recognize that this
interaction has to be evaluated further, preferentially using
individual patient-data meta-analyses.
The evidence base included in this review also has its limitations. First, most of the trials were fully or partially sponsored by the industry. For CHD trials, none of the included studies were independent. Industry sponsoring is associated with
higher rate of favorable outcomes.99 We cannot exclude industry bias in our analyses, and treatment effects might therefore be exaggerated, especially in CHD trials. Second, women
are underrepresented in secondary preventive trials in this review. One-fourth of participants in CHD trials and one-third
of participants in poststroke trials were women, compared with
one-half of people with prevalent CVD in the United States.100
Third, the mean age in our analyses was 63.6 years. The preva-
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lence of hypertension increases with age, approaching 80% in
people 75 years or older, meaning that for a large portion of patients, the applicability of our results is questionable.100 Last,
we found funnel plot asymmetry for MACE and stroke within
the highest SBP category for primary preventive trials. The trials
in this stratum are old and small compared with those in other
strata. We cannot exclude that other small trials, conducted
before the era of trial registration, failed to be published owing to negative results. This situation could in turn lead to an
overestimation of the treatment effect on MACE and stroke in
the SBP stratum of 160 mm Hg or above.
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