CE: Namrta; JH-D-14-00645; Total nos of Pages: 9;

JH-D-14-00645

Review

Effects of blood pressure lowering on outcome
incidence in hypertension: 2. Effects at different
baseline and achieved blood pressure levels ^
overview and meta-analyses of randomized trials
Costas Thomopoulos a, Gianfranco Parati b,c, and Alberto Zanchetti d,e

Conclusion: Meta-analyses favor BP-lowering treatment
even in grade 1 hypertension at low-to-moderate risk, and
lowering SBP/DBP to less than 140/90 mmHg. Achieving
less than 130/80 mmHg appears safe, but only adds
further reduction in stroke.

Background: Relevant clinical questions not approached
by randomized controlled trials (RCTs) of blood pressure
(BP)-lowering treatment can be explored by meta-analyses
stratified by clinical criteria.
Objectives: Investigating whether all grades of
hypertension benefit from BP-lowering treatment and
which are the target BP levels to maximize outcome
reduction.
Methods: Of the 68 RCTs of intentional and
nonintentional BP-lowering, those without baseline
antihypertensive drugs were stratified by the average
baseline SBP and DBP (hypertension grades 1, 2, and 3).
RCTs with or without baseline treatment were considered
for investigating the effects of mean achieved SBP/DBP
across three SBP cutoffs and two DBP cutoffs. Risk ratios
(RR) and 95% confidence interval (CI) (random-effects
model), standardized to 10/5 mmHg SBP/DBP reduction,
and absolute risk reductions of seven fatal and nonfatal
outcomes were calculated. Differences between relative
and absolute risk reductions in the different strata of
baseline or achieved SBP/DBP were evaluated by trend or
heterogeneity analyses.
Results: In 32 RCTs (104 359 individuals), significant
reductions in all outcomes were found independently of
the hypertension grade, with no trend toward risk ratio
changes with increasing baseline BP. A secondary analysis
limited to RCTs on grade 1 hypertension at low-tomoderate risk showed significant outcome reductions [risk
ratio: stroke 0.33 (0.11–0.98), coronary events 0.68
(0.48–0.95), and death 0.53 (0.35–0.80)]. In 32 RCTs
(128 232 individuals), relative and absolute outcome
reductions were significant for the SBP differences across
150 and 140 mmHg cutoffs. Below 130 mmHg, only stroke
and all-cause death were significantly reduced. Absolute
outcome reduction showed a significant trend to decrease,
the lower the SBP cutoff considered. In 29 RCTs (107 665
individuals), outcomes were significantly reduced across
DBP cutoffs of 90 and 80 mmHg. After excluding RCTs
with baseline DBP less than 90 mmHg, only stroke
reduction was significant at achieved DBP less than
80 mmHg.

Keywords: blood-pressure-lowering treatment, grade 1
hypertension, hypertension, meta-analysis, randomized
controlled trials, target blood pressure
Abbreviations: BP, blood pressure; CHD, coronary heart
disease; CI, confidence interval; ESC, European Society of
Cardiology; ESH, European Society of Hypertension; HF,
heart failure; JNC, Joint National Committee; NICE,
National Institute for Health and Clinical Excellence; NNT,
number needed to treat; RCT, randomized controlled trial;
RR, relative risk

INTRODUCTION

W

e have previously completed an overview and
meta-analysis of all the randomized controlled
trials (RCTs) of blood pressure (BP) lowering in
patients with hypertension, comprehensive of 68 trials on
almost 250 000 individuals [1]. However, there are questions, important in medical practice, that have been rarely, if
ever, approached by individual trials and meta-analyses.
Two such questions are whether all grades (or stages) of
hypertension are worth being treated by the BP-lowering
drugs, and which are the levels to which BP should be
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brought to maximize outcome reductions. These questions
were specifically raised by a review published in 2009 [2]
and underlined by a guideline reappraisal document of the
European Society of Hypertension Task Force [3]. More
recently, the 2013 European Society of Hypertension
(ESH)–European Society of Cardiology (ESC) hypertension
guidelines [4] and the 2014 high BP guidelines prepared by
the members of the Eighth Joint National Committee (JNC 8)
[5] recognized that the trial-based evidence to recommend
BP levels for initiation and as a target of treatment is weak.
The meta-analyses reported here have been aimed at
approaching the two questions mentioned above.

METHODS
Trial eligibility
These meta-analyses are based on the 68 RCTs found
eligible in a preceding overview [1]. Criteria of eligibility
were intentional BP lowering comparing active drug treatment with placebo, or less active treatment (intentional
BP-lowering trials), or comparison of an active drug with
placebo over baseline antihypertensive treatment, resulting
in a BP difference of at least 2 mmHg in either SBP or DBP
(nonintentional BP-lowering trials); enrolling of hypertensive individuals only or a high proportion (at least 40%) of
them. Other inclusion criteria can be found in the preceding
paper [1].

Effects of blood pressure lowering treatment
on various outcomes in individuals at different
levels of high blood pressure
For these meta-analyses, only intentional BP-lowering RCTs
in which patients were not receiving antihypertensive
drugs or only received low-dose treatment at baseline were
considered to define the grade of hypertension to which
trials were assigned. Trials were grouped according to the
average SBP and DBP values at baseline, in the following
hypertension grades (stages in USA style), as defined in
ESH–ESC hypertension guidelines [4]: SBP 140–159 mmHg
or DBP 90–99 mmHg; SBP 160–179 mmHg or DBP 100–
109 mmHg; and SBP at least 180 mmHg or DBP at least
110 mmHg [4].
To avoid limitations inherent in post hoc subgroup
analyses, integral data from each trial were entered, unless
the subgroup was stratified in the trial design. Other subgroups were entered into the secondary analyses only.

Effects of blood-pressure-lowering treatment
to SBP and DBP levels below vs. above
predeterminate cutoffs
Both intentional and nonintentional BP-lowering RCTs were
considered independently of antihypertensive drugs at baseline, as these did not influence the assessment of effects
of achieved BP. Trials were classified into three groups
defined by SBP cutoffs (140–149 mmHg vs. 150 mmHg;
130–139 mmHg vs. 140 mmHg; and <130 mmHg vs.
130 mmHg) and two groups defined by DBP cutoffs
(<90 mmHg vs. 90 mmHg and <80 mmHg vs. 80 mmHg).
Trials in which SBP or DBP of both treatment arms were on
the same side of a given cutoff were excluded. Achieved SBP
and DBP values represented the average values throughout
2
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the follow-up. Secondary analyses were done by limiting the
inclusion to RCTs with achieved SBP within 10 mmHg and
DBP within 5 mmHg from each cutoff.

Statistical analyses
Statistical analyses were done according to the methods
detailed in a preceding publication [1]. Data used were
weighted by the patient number and follow-up duration.
Risk ratios (RR) and their 95% confidence interval (CI) were
calculated using the Mantel–Haenszel method, standardized
to a 10/5 mmHg SBP/DBP difference and illustrated with
forest plots. A random-effects model was used for all
analyses. Five-year absolute risk reductions of standardized
BP lowering and the number of patients needed to treat
(NNT) for 5 years were also calculated. A trend analysis tested
whether relative or absolute risk reductions had tendency to
change progressively in trials with baseline BP values within
three different hypertension grades or with achieved SBP
values across three different cutoffs. For achieved DBP
values (two cutoffs only), Q-statistics was used. All statistical
analyses were done by the Comprehensive Meta Analysis
version 2 (Biostat, Englewood, New Jersey, USA). Statistical
significance was defined as P less than 0.05, but no corrections were made for multiple comparisons.

RESULTS
Trials
Fifty-one trials were found eligible either for assessing BPlowering effects in different hypertension grades or for
assessing the effects of achieving different BP levels
[e1–e53, http://links.lww.com/HJH/A413] (Table 1).

Effects of blood-pressure-lowering treatment
on various outcomes in trials grouped by
baseline blood pressure levels
A total of 32 trials were considered, 29 of which with no
baseline treatment (e2–e5, e8–e18, e21–e32, e34, e38, e39)
and three with low-dose (e6, e20) or low prevalence treatment (e43). A total of six trials (16 036 individuals) were
classified as grade 1, 17 (75 816 individuals) as grade 2, and
9 (12 507 individuals) as grade 3 hypertension (Table 1).
Between-treatment SBP/DBP differences tended to be
larger in trials on grade 3 hypertensive patients, and all risk
ratios were standardized to 10/5 mmHg SBP/DBP. BP lowering was found to significantly reduce the risk of all outcomes at all hypertension grades, with the exception of
heart failure in grade 1 hypertension trials (in which only
two trials provided heart failure outcomes, however), and
of all-cause mortality in grade 3 hypertension trials. The
largest relative reductions were for stroke (27–42%) and
heart failure (20–55%), with smaller reductions in coronary
heart disease (CHD; 14–17%), cardiovascular mortality
(13–22%), and all-cause mortality (7–18%). Risk ratios
did not show any significant trend to change with increasing baseline BP levels (Fig. 1).
As some trials were done on low-risk patients, others on
higher risk patients, no evaluation of absolute risk
reduction was made. However, a secondary analysis was
done including trials or trial subgroups with mean baseline
SBP/DBP values in grade 1 range and a low-to-moderate risk
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Meta-analyses of BP-lowering trials at different BPs
TABLE 1. BP-lowering trials included in the analyses based on the baseline or achieved SBP and DBP

Trial acronym

Baseline anti
hypertensive
drugs

Baseline
SBP/DBP
(mmHg)

Intentional, placebo (or no treatment) controlled BP-lowering trials
ADVANCE [e1]
Yes
145/81
AUSTRALIAN-Mild [e2]
No
158/101
Barraclough [e3]
No
–
Carter [e4]
No
>160/110
EWPHE [e5]
No
182/101
FEVER
All [e6]
Yes, low
154/91
<153 mmHg [e7]
Yes, low
144/89
HDFP
All [e8]
No
159/101
Stratum 90–94 [e9]
No
145/92
Stratum 1 [e9]
No
152/96
Stratum 2–3 [e8]
No
177/112
HEP [e10]
No
196/96
HSCSG [e11]
No
167/100
Hunan province [e12]
No
161/99
HYVET pilot [e13]
No
182/100
HYVET [e14]
No
173/91
MRC-mild [e15]
No
161/98
MRC-old [e16]
No
185/90
OSLO [e17]
No
157/97
PATS [e18]
No
154/97
PROGRESS [e19]
Yes
147/86
SCOPE [e20]
Yes, low
166/90
SHEP-pilot [e21]
No
172/75
SHEP [e22]
No
170/77
Sprackling [e23]
No
201/107
STOP [e24]
No
195/109
SystChina [e25]
No
170/86
Syst-Eur [e26]
No
174/86
TEST [e27]
No
161/89
TOMHS [e28]
No
140/91
USPHS [e29]
No
147/99
VA1 [e30]
No
186/121
VA-2 [e31]
No
164/104
Wolff [e32]
No
177/109
Intentional, more vs. less-intense BP-lowering trials
AASK [e33]
Yes
151/96
ABCD-HT [e34]
No
155/98
ACCORD [e35]
Yes
139/76
BBB [e36]
Yes
155/95
CARDIO-SIS [e37]
Yes
163/89
Fogari [e38]
No
160/99
HOT [e39]
No
170/105
JATOS [e40]
Yes
172/89
MDRD [e41]
Yes
129/79
SPS-3 [e42]
Yes
143/79
UKPDS [e43]
Yes, low
159/94
VALISH [e44]
Yes
170/81
Nonintentional BP-lowering trials
AIPRI [e45]
Yes
143/88
BENEDICT [e46]
Yes
151/88
DREAM [e47]
Yes
136/83
MICROHOPE [e48]
Yes
142/80
IDNT [e49]
Yes
159/87
Lewis [e50]
Yes
139/86
NAVIGATOR [e51]
Yes
140/83
PEACE [e52]
Yes
134/78
PROFESS [e53]
Yes
144/84

Achieved SBP
(mmHg)

Achieved DBP
(mmHg)

Baseline
hypertension
grade

Active

Control

Active

Control

–
2
–
3
3

134.7
–
–
–
149.6

140.3
–
–
–
171.7

–
88.4
89.8
–
86.4

–
94.0
104.2
–
94.7

2
1

137.5
–

142.5
–

–
–

–
–

–
1
1
3
3
2
2
3
2
2
3
1
1
–
2
2
2
3
3
2
2
2
1
1
3
2
2

–
–
129.5
135.2
–
141.0
–
–
144.7
138.1
–
131.0
–
133.7
–
140.7
142.5
–
–
–
–
–
124.2
131.5
142.6
134.9
–

–
–
139.5
148.9
–
166.0
–
–
158.0
149.5
–
148.0
–
142.7
–
157.6
155.2
–
–
–
–
–
132.0
147.4
182.0
169.3
–

85.7
–
–
–
77.0
88.0
85.2
83.6
78.2
87.0
77.7
89.2
–
78.8
79.9
–
–
–
87.2
–
78.7
–
78.3
88.4
–
86.4
–

92.0
–
–
–
88.0
100.0
90.6
94.5
83.1
93.0
85.5
98.0
–
82.8
81.6
–
–
–
96.7
–
84.3
–
81.9
98.4
–
105.0
–

–
1
–
–
–
2
2
–
–
–
2
–

128.0
–
119.2
141.0
136.0
132.4
139.7
136.0
121.7
125.8
144.0
136.6

141.0
–
133.4
152.0
140.0
141.3
142.5
145.6
132.4
137.9
154.0
142.0

78.0
78.0
–
83.0
79.2
–
–
–
74.6
–
–
–

85.0
86.0
–
91.0
80.8
–
–
–
81.5
–
–
–

–
–
–
–
–
–
–
–
–

135.3
139.7
127.9
138.4
–
–
–
129.6
–

145.4
142.0
132.1
142.3
–
–
–
131.6
–

–
–
78.6
–
77.0
79.5
78.0
–
79.2

–
–
81.0
–
80.0
82.0
80.0
–
81.3

In all RCTs in which randomization was to more than two groups, comparisons are between the average of all treatment groups and placebo (e15, e16, e28, e46, e49) or between the
average of all treated groups and placebo (e38). In HOT (e39), comparison is between groups randomized to DBP target less than 80 vs. DBP targets less than 85 and less than
90 mmHg together. FEVER less than 153 mmHg (baseline values below median) (e7) and HDFP-stratum 90–94 (baseline values DBP 90–94 mmHg and no cardiovascular disease) (e9) are
subgroups not predetermined in the FEVER and HDFP protocols, and used only in secondary analyses. Carter has been classified as grade 3 in the absence of average baseline SBP/DBP,
because average DBP on-placebo treatment was 115 mmHg. References to RCT publications [e1–e53] can be found in http://links.lww.com/HJH/A413.References to RCT publications
[e1–e53] can be found in http://links.lww.com/HJH/A413. BP, blood pressure.
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Events
(n/patients)
Controls
Treated

HT
grade
(stage)

Trials
(n)

Baseline
SBP/DBP
(mmHg)

Difference
SBP/DBP
(mmHg)

Stroke

1
2
3

4
17
8

153/95
165/96
185/100

–8.7/–5.3
–7.6/–4.3
–18.1/–8.6

218/7343
879/35131
255/6392

CHD

1
2
3

5
16
8

151/96
165/95
185/100

–10.4/–6.3
–7.6/–4.2
–18.1/–8.6

HF

1
2
3

2
11
4

153/98
164/89
192/102

Stroke + CHD

1
2
3

3
16
8

Stroke + CHD + HF

1
2
3

CV death

All-cause death

Outcome

P-value
for trend

Standardized RR
(95% CI)

RR
(95% CI)

Standardized RR
(95% CI)

312/7321
1322/40685
376/5995

0.71 (0.60–0.83)
0.68 (0.61–0.77)
0.64 (0.54–0.76)

0.64 (0.51–0.78)
0.58 (0.50–0.69)
0.73 (0.64–0.82)

0.19

343/5407
720/34091
339/6392

382/4964
847/39645
455/5995

0.85 (0.74–0.98)
0.85 (0.77–0.94)
0.75 (0.64–0.86)

0.86 (0.76–0.98)
0.83 (0.74–0.93)
0.83 (0.75–0.91)

0.82

–16.4/–9.9
–9.4/–4.2
–21.8/–10.3

0/599
159/16176
60/1720

3/575
297/15250
100/1774

0.25 (0.03–2.24)
0.50 (0.39–0.65)
0.64 (0.47–0.87)

0.46 (0.14–1.57)
0.45 (0.34–0.61)
0.80 (0.69–0.93)

0.12

154/97
165/94
184/100

–10.8/–4.8
–8.2/–4.4
–18.1/–8.6

360/4502
1562/34091
604/6392

451/4497
2080/39645
831/5995

0.80 (0.70–0.91)
0.77 (0.72–0.83)
0.71 (0.64–0.79)

0.83 (0.74–0.92)
0.71 (0.65–0.79)
0.76 (0.70–0.83)

0.27

2
12
6

153/98
163/92
188/96

–16.4/–9.9
–10.2/–4.9
–17.4/–8.8

15/599
1384/24876
508/3963

24/575
1788/23904
665/4047

0.61 (0.32–1.15)
0.70 (0.64–0.77)
0.78 (0.66–0.91)

0.76 (0.53–1.08)
0.69 (0.62–0.76)
0.86 (0.78–0.94)

0.09

1
2
3

4
16
8

153/95
165/94
184/100

–8.7/–5.3
–8.2/–4.4
–18.3/–8.7

218/7343
889/34091
410/6392

274/7321
1085/39645
478/5995

0.79 (0.67–0.95)
0.83 (0.75–0.91)
0.80 (0.65–0.97)

0.78 (0.65–0.95)
0.79 (0.69–0.89)
0.87 (0.74–0.98)

0.48

1
2
3

5
17
9

153/95
165/95
185/100

–8.6/–5.4
–8.2/–4.4
–18.3/–8.7

402/7580
1750/35131
774/6452

487/7556
2048/40685
828/6055

0.83 (0.73–0.94)
0.88 (0.82–0.95)
0.91 (0.81–1.02)

0.82 (0.72–0.94)
0.85 (0.77–0.94)
0.93 (0.86–1.01)

0.24

0.3

0.6

1.0

1.5

Active better Control better

FIGURE 1 Effects of blood pressure lowering in trials stratified by the mean hypertension grade at randomization. . Standardized RR is to a SBP/DBP reduction of 10/
5 mmHg; P-values for trend refer to the standardized RRs at the different hypertension grades. Mean SBP/DBP at randomization in the three hypertension grade groups
were 152.8/95.0, 164.6/94.5, and 184.6/100.3 mmHg. CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; HF, heart failure; HT, hypertension; n,
number; RR, Mantel–Haenszel risk ratios.

(<5% cardiovascular deaths in 10 years in controls): FEVER
stratum with baseline SBP below the median (<153 mmHg)
(e7); HDFP stratum with baseline DBP 90–94 mmHg and no
cardiovascular disease (e9); OSLO (e17); TOMHS (e28) and
USPHS (e29). Risks of stroke, CHD, the composite of stroke
and CHD, and all-cause death were significantly reduced
by BP lowering in these low-to-moderate risk patients
(control group: average cardiovascular mortality 4.5% in
10 years) with a moderate BP elevation (average SBP/DBP
145.5/91 mmHg) at randomization (Fig. 2). Absolute risk
reduction was of 34 strokes and CHD every 1000 patients
treated for 5 years, and NNT for 5 years was 29.

Effects of blood-pressure-lowering treatment
to SBP and DBP levels below vs. above
predeterminate cutoffs
In 32 trials, treatment lowered SBP across predeterminate
SBP cutoffs, and in 29 trials across predeterminate DBP

Outcome

Stroke

Baseline
Trials SBP/DBP
(mmHg)
(n)

4

146/91

Difference
SBP/DBP
(mmHg)

–7.1/–4.5

Events
(n/patients)
Controls
Treated

71/4061

110/4012

cutoffs (Table 1). Eight trials (13 841 individuals) (e5, e11,
e14, e21, e22, e30, e36, e43), allowed the comparisons of
SBP 140–149 mmHg with SBP at least 150 mmHg; sixteen
trials (82 421 individuals) (e1, e6, e8, e15, e17, e19, e29, e31,
e37–e40, e44–e46, e48), allowed comparisons of SBP
130–139 mmHg with SBP at least 140 mmHg; and eight
trials (31 970 individuals) (e9, e28, e33, e35, e41, e42,
e47, e52) allowed comparisons of SBP less than 130 mmHg
with SBP greater than 130 mmHg. Thirteen trials (41 790
individuals) (e2, e3, e5, e8, e11–e13, e15, e17, e24, e29, e31,
e36) allowed comparisons of DBP less than 90 mmHg with
DBP at least 90 mmHg; and 16 trials (65 875 individuals)
(e10, e14, e16, e19, e20, e26, e28, e33, e34, e37, e41, e47,
e49–e51, e53) allowed comparisons of DBP less than
80 mmHg with DBP at least 80 mmHg.
SBP/DBP differences were greater in trials comparing
SBP 140–149 mmHg with at least 150 mmHg than in the
other two comparisons, and risk reductions were
Absolute
risk reduction
1000 pts/5 years
(95%CI)

Standardized RR
(95% CI)

NNT
5 years
(95% CI)

RR
(95% CI)

Standardized RR
(95% CI)

0.58 (0.34–0.99)

0.33 (0.11–0.98)

–21 (–26, –1)

47 (39, 1301)
86 (55, 531)

CHD

5

145/91

–6.5/–4.2

114/4729

129/4246

0.75 (0.58–0.96)

0.68 (0.48–0.95)

–12 (–18, –2)

Stroke + CHD

4

146/91

–7.1/–4.5

159/4061

227/4012

0.69 (0.57–0.85)

0.51 (0.36–0.75)

–34 (–43, –19)

29 (23, 54)

CV death

4

146/91

–7.1/–4.5

53/4061

74/4012

0.71 (0.50–1.01)

0.57 (0.32–1.02)

–9 (–14, +1)

110 (72, –2223)

All-cause death

4

146/91

–7.1/–4.5

90/4061

133/4012

0.67 (0.51–0.87)

0.53 (0.35–0.80)

–19 (–25, –8)

54 (40, 119)

0.1

0.2

0.5

Active better

1

2

5

Control better

FIGURE 2 Effects of BP lowering in trials with average baseline BP in grade 1 and average low-to-moderate cardiovascular risk. Standardized RR is to a SBP/DBP reduction
of 10/5 mmHg; The column ‘absolute risk reduction’ reports the number (and 95% CI) of events prevented every 1000 patients treated for 5 years with a standardized RR.
NNT is the number (and 95% CI) of patients needed to treat for 5 years to prevent one event. CV death rate in the control group (index of CV risk) was 4.5% over 10
years. BP, blood pressure; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; HT, hypertension; n, number; NNT, number needed to treat; pts,
patients; RR, Mantel–Haenszel risk ratios.
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Outcome

(a)

BP
cutoff

Trials
(n)

Events
(n/patients)
Controls
Treated

RR
(95% CI)

Standardized RR
(95% CI)

Absolute
risk reduction
Standardized RR
1000 pts/5 years
(95% CI)
(95%CI)
P-value

NNT
5 years
(95% CI)

P-value

140–149 vs ≥ 150 8
130–139 vs ≥ 140 14
< 130 vs ≥ 130 5

–13.5/–5.7
–7.2/–3.8
–7.6/–3.8

265/7284
1035/36841
295/14547

354/6557
1482/43275
402/14590

0.66 (0.57–0.77)
0.73 (0.64–0.84)
0.75 (0.64–0.88)

0.68 (0.60–0.79)
0.63 (0.52–0.77)
0.68 (0.57–0.83)

0.65

–20 (–25, –14)
–15 (–19, –9)
–10 (–13, –5)

CHD

140–149 vs ≥ 150 8
130–139 vs ≥ 140 15
< 130 vs ≥ 130 6

–13.5/–5.7
–7.1/–3.7
–7.6/–3.9

225/7284
1096/37399
810/15215

210/6557
1400/43828
873/14824

0.79 (0.66–0.95)
0.82 (0.76–0.89)
0.91 (0.83–1.00)

0.81 (0.68–0.95)
0.77 (0.70–0.86)
0.87 (0.76–1.00)

0.16

–6 (–10, –2)
–8 (–11, –5)
–8 (–15, 0)

HF

140–149 vs ≥ 150
130–139 vs ≥ 140
< 130 vs ≥ 130

7
8
3

–14.0/–5.2
–6.4/–2.7
–5.8/–2.9

116/6221
330/15773
210/9143

216/5494
365/15738
246/9149

0.49 (0.38–0.63)
0.88 (0.70–1.11)
0.95 (0.64–1.40)

0.52 (0.41–0.65)
0.76 (0.47–1.25)
0.92 (0.47–1.77)

0.19

–21 (–26, –16)
–7 (–14, +7)
–2 (–15, +8)

46 (39, 63) <0.001
153 (72, 139)
427 (66, –124)

Stroke + CHD

140–149 vs ≥ 150 8
130–139 vs ≥ 140 15
< 130 vs ≥ 130 5

–13.5/–5.7
–7.1/–3.8
–7.6/–3.8

490/7284
2165/37445
1079/14547

564/6557
2891/43575
1233/14590

0.71 (0.64–0.80)
0.78 (0.72–0.85)
0.90 (0.82–0.98)

0.73 (0.67–0.82)
0.72 (0.63–0.81)
0.84 (0.71–0.97)

0.11

–25 (–30, –17)
–21 (–28, –15)
–14 (–22, –6)

39 (32, 59) <0.001
47 (36, 66)
70 (45, 161)

7
8
3

–14.0/–5.2
–8.3/–3.9
–5.8/–2.9

810/5494
639/6221
1679/23915 2003 /23839
857/9149
783/9143

0.67 (0.60–0.74)
0.80 (0.70–0.91)
0.91 (0.83–1.00)

0.69 (0.63–0.76)
0.74 (0.62–0.88)
0.81 (0.67–1.00)

0.20

–52 (–62, –41)
–25 (–36, –12)
–19 (–33, –1)

19 (16, 24) <0.001
40 (28, 86)
53 (31, 1000)

CV death

140–149 vs ≥ 150 8
130–139 vs ≥ 140 15
< 130 vs ≥ 130 7

–13.5/–5.7
–7.0/–3.7
–9.9/–5.1

373/7284
927/37745
397/15517

415/6557
1172/43575
451/15551

0.77 (0.68–0.88)
0.86 (0.75–0.98)
0.88 (0.77–1.01)

0.79 (0.71–0.89)
0.81 (0.67–0.97)
0.88 (0.77–1.01)

0.45

61 (45, 114)
–16 (–22, –9)
167 (98, 1040)
–5 (–10, –1)
–4 (–7, +1) 260 (137, –3101)

0.013

All-cause death

140–149 vs ≥ 150 8
130–139 vs ≥ 140 15
< 130 vs ≥ 130 7

–13.5/–5.7
–7.1/–3.7
–7.9/–4.0

744/7284
1709/37399
869/15517

747/6557
2072/43828
960/15551

0.88 (0.80–0.96)
0.91 (0.82–1.00)
0.91 (0.83–0.99)

0.89 (0.82–0.96)
0.87 (0.75–1.00)
0.88 (0.77–0.99)

0.84

–16 (–26, –6)
–7 (–12, 0)
–8 (–18, –1)

62 (39, 169)
139 (73, ∞)
127 (61, 1516)

0.13

SBP Stroke

Stroke + CHD + HF 140–149 vs ≥ 150
130–139 vs ≥ 140
< 130 vs ≥ 130

(b)

Difference
SBP/DBP
(mmHg)

49 (40,74) <0.001
67 (53, 106)
104 (78, 195)
170 (101, 649)
121 (94, 198)
126 (68, ∞)

0.35

< 90 vs ≥ 90 12
< 80 vs ≥ 80 10

–12.3/–6.7
–6.3/–3.3

332/21112
1657/31007

555/20571
1954/30477

0.59 (0.51–0.67)
0.78 (0.69–0.88)

0.64 (0.56–0.71)
0.66 (0.54–0.81)

0.81

–10 (–12, –8)
–29 (–37, –17)

CHD

< 90 vs ≥ 90 12
< 80 vs ≥ 80 13

–12.6/–6.7
–6.2/–3.0

780/20130
809/32470

905/19589
873/31497

0.85 (0.77–0.93)
0.87 (0.78–0.97)

0.88 (0.82–0.95)
0.77 (0.63–0.94)

0.15

–6 (–8, –2)
–8 (–13, –2)

181 (121, 435)
123 (78, 457)

0.59

HF

< 90 vs ≥ 90
< 80 vs ≥ 80

–20.9/–8.3
–5.6/–2.9

41/3967
461/23854

85/3933
436/23303

0.52 (0.29–0.93)
1.03 (0.91–1.17)

0.71 (0.52–0.96)
1.06 (0.84–1.33)

0.35

–9 (–14, –1)
+2 (–5, +10)

115 (72, 758)

0.19

Stroke + CHD

< 90 vs ≥ 90 12
< 80 vs ≥ 80 10

–12.6/–6.7
–6.4/–3.3

1075/20130
2430/31007

1381/19589
2805/30477

0.76 (0.71–0.82)
0.82 (0.74–0.90)

0.79 (0.74–0.84)
0.72 (0.61–0.84)

0.20

–15 (–19, –11)
–34 (–46, –20)

67 (54, 88)
30 (22, 51)

0.008

Stroke + CHD + HF

< 90 vs ≥ 90
< 80 vs ≥ 80

8
8

–13.4/–6.7
–6.3/–3.4

545/12667
2367/25479

732/12587
2544/24963

0.72 (0.62–0.83)
0.85 (0.78–0.93)

0.77 (0.68–0.86)
0.76 (0.66–0.89)

0.91

–14 (–19, –8)
–33 (–46, –16)

72 (52, 119)
30 (22, 64)

0.067

CV death

< 90 vs ≥ 90 12
< 80 vs ≥ 80 12

–12.6/–6.7
–6.5/–3.4

506/20130
1155/31977

603/19589
1237/31438

0.77 (0.63–0.95)
0.90 (0.83–0.97)

0.81 (0.68–0.96)
0.84 (0.74–0.95)

0.79

–6 (–10, –1)
–9 (–14, –3)

163 (97, 774)
116 (73, 363)

0.43

All-cause death

< 90 vs ≥ 90 13
< 80 vs ≥ 80 15

–12.3/–6.7
–6.3/–3.4

955/21170
2573/32979

1067/20491
2635/32426

0.86 (0.76–0.97)
0.95 (0.90–1.00)

0.88 (0.79–0.96)
0.91 (0.83–1.00)

0.68

–6 (–11, –2)
–11 (–20, 0)

157 (90, 640)
93 (50, ∞)

0.24

DBP Stroke

7
8

0.4

0.7

1.0

1.5

101 (83, 126) <0.001
35 (27, 60)

2.0

Active better Control better

FIGURE 3 Effects of BP lowering in trials with mean on-treatment SBP (a) and DBP (b) below and above different cutoffs. Standardized RR is to a SBP/DBP reduction of
10/5 mmHg. The column ‘absolute risk reduction’ reports the number (and 95% CI) of events prevented every 1000 patients treated for 5 years with a standardized RR.
NNT is the number (and 95% CI) of patients needed to treat for 5 years to prevent one event. The two columns with P-values refer, the first, to standardized RRs and, the
second, to absolute risk reductions. For part A (SBP), P-values were calculated for trend, whereas for section B (DBP), P-values were calculated for the differences between
the two cutoffs (P for heterogeneity). Mean SBP/DBP achieved on treatment were for SBP cutoffs: cutoff 150, 143.3/76.4 (active) and 157.1/82.2 (control); cutoff 140
137.2/81.1 and 144.3/84.8; cutoff 130, 126.8/78.7 and 136.8/83.7 mmHg. For DBP cutoffs: cutoff 90, 138.1/86.6 and 150.7/93.3; cutoff 80, 138.2/78.6 and 144.6/
82.0 mmHg. BP, blood pressure; CHD, coronary heart disease; CI, confidence intervals; CV, cardiovascular; HF, heart failure; n, number; NNT, number needed to treat; pts,
patients; RR, Mantel–Haenszel risk ratios; vs., versus; y, years.

standardized to a 10/5 mmHg SBP/DBP difference. Relative
risk reductions were greater for stroke than for CHD and
cardiovascular or all-cause mortality. Reductions were all
statistically significant for comparisons across the two
higher SBP cutoffs except for heart failure (significant only
across the 150 mmHg cutoff). SBP values below 130 mmHg
were associated with significant reductions of strokes, but
not CHD, heart failure, and cardiovascular mortality (Fig. 3).
Trends to a lower relative risk reduction the lower the SBP
cutoff were never significant, but trends to lower absolute
risk reductions were significant for most outcomes, with
absolute reduction of the composite of stroke, CHD, and
heart failure decreasing from 52 to 25 and 19 events every
1000 patients treated for 5 years when SBP values less than
vs. at least 150 mmHg, less than vs. at least 140 mmHg, and
less than vs. at least 130 mmHg were compared (Fig. 3a).
Limiting the analysis to the trials with achieved SBP
within 10 mmHg below and above the cutoffs of 150,
140, and 130 mmHg (excluding trials e5, e11, e17, e30,
e31, e33, e35) gave similar results, showing that risk
reductions, when significant, were really because of BP
differences across the selected cutoff (Fig. 4a).
Also in analyses on DBP cutoffs (Fig. 3b), RR reductions
standardized to a 10/5 mmHg SBP/DBP difference were
greater for stroke than for CHD and cardiovascular or allcause mortality. Reductions were statistically significant for
all comparisons not only across the higher, but also across
Journal of Hypertension

the lower cutoff, with the exception of heart failure and allcause death for the lower cutoff. There was no significant
difference in the relative risk reductions at different DBP
cutoffs, but absolute risk reductions of stroke and composite outcomes including stroke was significantly greater
across the lower DBP cutoff because of a higher risk of
stroke in these trials. Limiting the analysis to trials with
achieved DBP within 5 mmHg across the cutoffs of 90 (e2,
e5, e8, e12, e15) and 80 mmHg (e14, e19, e20, e26, e28, e37,
e41, e49, e50, e51, e53) gave substantially similar results
(Fig. 4b). However, when trials with baseline DBP lower
than 90 mmHg (predominantly isolated systolic hypertension) (e19, e26, e37, e41, e47, e49, e50, e51, e53) were
excluded from the trials with achieved DBP across the
80 mmHg cutoff, lowering DBP to less than 80 mmHg
was associated with significant reductions in stroke [risk
ratios 0.77 (0.65–0.90)] and composites outcomes including
stroke, but reductions in CHD [risk ratio 0.87 (0.71–1.08)]
and cardiovascular [risk ratio 0.89 (0.78–1.00)] and all-cause
death [risk ratio 0.91 (0.83–1.01)] were no longer significant
(Fig. 5).

DISCUSSION
We investigated two clinically relevant questions: the significance and extent of benefits of BP lowering in hypertensive individuals at different baseline hypertension
www.jhypertension.com
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(a) SBP

(b) DBP

Difference
Trials SBP/DBP
(mmHg)
(n)

BP
cut-off

Outcome

Events
(n/patients)
Treated

Controls

RR
(95% CI)

Standardized RR
(95% CI)

Absolute
risk reduction
Standardized RR
1000 pts/5 years
(95% CI)
P-value
(95%CI)

NNT
5 years
(95% CI)

P-value

Stroke

140–149 vs 150–159
130–139 vs 140–149
120–129 vs 130–139

5
13
4

204/6562
–12.6/–5.0
–7.0/–3.7 1030/36655
–6.3/–3.3 259/12185

272/5844
1462/43081
340/12219

0.64 (0.53–0.76)
0.75 (0.65–0.85)
0.77 (0.66–0.90)

0.65 (0.54–0.77)
0.73 (0.63–0.83)
0.69 (0.55–0.86)

0.62

–19 (–24, –12)
–11 (–15, –7)
–9 (–14, –4)

CHD

140–149 vs 150–159
130–139 vs 140–149
120–129 vs 130–139

5
15
5

194/6562
–12.6/–5.0
–7.0/–3.7 1089/37213
–6.3/–3.5 684/12853

173/5844
1395/43634
727/12453

0.78 (0.64–0.96)
0.82 (0.76–0.89)
0.92 (0.83–1.01)

0.79 (0.65–0.96)
0.77 (0.70–0.86)
0.88 (0.75–1.02)

0.12

–6 (–10, –1)
–8 (–11, –5)
–7 (–15, +1)

169 (100, 889)
122 (94, 198)
136 (67, –827)

0.37

Stroke + CHD

140–149 vs 150–159
130–139 vs 140–149
120–129 vs 130–139

5
14
4

398/6562
–12.6/–5.0
–7.0/–3.7 2153/37559
–6.3/–3.3 917/12185

445/5844
2866/43381
1055/12219

0.70 (0.61–0.79)
0.79 (0.72–0.86)
0.87 (0.80–0.95)

0.71 (0.62–0.80)
0.73 (0.64–0.84)
0.81 (0.71–0.92)

0.24

–24 (–31, –16)
–21 (–28, –13)
–17 (–26, –7)

42 (32, 61)
47 (36, 76)
59 (39, 140)

0.26

CV death

140–149 vs 150–159
130–139 vs 140–149
120–129 vs 130–139

5
14
5

–12.6/–5.0
–7.0/–3.7
–9.3/–4.5

291/6562
919/37559
325/12615

299/5844
1153/43381
377/12626

0.79 (0.68–0.93)
0.87 (0.77–0.99)
0.86 (0.74–1.00)

0.80 (0.70–0.93)
0.82 (0.69–0.98)
0.86 (0.74–1.00)

0.68

77 (52, 215)
–13 (–19, –5)
–6 (–9, –1) 176 (103, 1040)
216 (117, ∞)
–5 (–9, 0)

0.097

All-cause death 140–149 vs 150–159
130–139 vs 140–149
120–129 vs 130–139

5
14
5

583/6562
–12.6/–5.0
–7.0/–3.7 1699/37213
–6.4/–3.4 682/12615

570/5844
2051/43634
773/12626

0.86 (0.77–0.96)
0.92 (0.83–1.01)
0.88 (0.80–0.97)

0.87 (0.78–0.96)
0.89 (0.76–1.01)
0.81 (0.70–0.95)

0.29

61 (37, 195)
–16 (–27, –5)
–6 (–13, –1) 164 (76, –1785)
83 (53, 315)
–12 (–19, –3)

0.22

–11.0/–6.0 235/17362
–5.6/–2.8 1526/28405

404/17279
1781/27799

0.58 (0.50–0.68)
0.78 (0.68–0.89)

0.62 (0.55–0.72)
0.63 (0.49–0.81)

0.93

–9 (–11, –7)
–32 (–42, –17)

698/16322
650/29631

831/16239
662/28586

0.85 (0.75–0.97)
0.90 (0.81–1.00)

0.87 (0.78–0.97)
0.78 (0.61–1.00)

0.30

–7 (–11, –2)
–7 (–11, 0)

151 (89, 654)
149 (87, ∞)

0.99

–14 (–18, –10)
–38 (–52, –18)

69 (55, 99)
26 (19, 55)

0.014

52 (40, 78) <0.001
90 (67, 142)
106 (74, 231)

110 (93, 149) <0.001
31 (24, 57)

Stroke

85–89 vs 90–94
75–79 vs 80–84

5
8

CHD

85–89 vs 90–94
75–79 vs 80–84

4
10

Stroke + CHD

85–89 vs 90–94
75–79 vs 80–84

4
8

–11.2/–6.0 896/16322
–5.6/–2.8 2146/28405

1156/16239
2435/27799

0.77 (0.71–0.84)
0.82 (0.73–0.92)

0.80 (0.75–0.86)
0.71 (0.58–0.87)

0.21

CV death

85–89 vs 90–94
75–79 vs 80–84

4
9

–11.2/–6.0
–5.6/–2.9

404/16322
945/28835

490/16239
992/28206

0.81 (0.69–0.96)
0.91 (0.83–0.99)

0.83 (0.72–0.97)
0.84 (0.70–0.98)

0.92

–5 (–8, –1) 196 (119, 1111)
123 (68, 948)
–8 (–15, –1)

0.45

All-cause death

85–89 vs 90–94
75–79 vs 80–84

5
11

–11.0/–6.0 805/17362
–5.5/–2.9 2162/29600

918/17141
2183/28961

0.87 (0.79–0.95)
0.95 (0.90–1.00)

0.89 (0.81–0.96)
0.90 (0.81–1.00)

0.86

–6 (–10, –2)
–11 (–21, 0)

168 (97, 463)
88 (48, ∞)

0.25

–11.2/–6.0
–5.4/–2.4

0.4

0.7

1.0

Active better

1.5

2.0

Control better

FIGURE 4 Effects of BP lowering in trials with mean on-treatment SBP (a) and DBP (b) below and above different cutoffs. Only trials with SBP within 10 mmHg and DBP
with 5 mmHg from cutoffs were included. Data on heart failure not included because only two trials with achieved SBP 120–129 vs. 130–139 or DBP 85–89 vs. 90–
94 mmHg reported heart failure as the outcome. Standardized RR is to a SBP/DBP reduction of 10/5 mmHg. The column absolute risk reduction reports the number (and
95% CI) of events prevented every 1000 patients treated for 5 years with a standardized RR. NNT is the number (and 95% CI) of patients needed to treat for 5 years to
prevent one event. The two columns with P-values refer, the first, to standardized RRs and, the second, to absolute risk reductions. For part A (SBP), P-values were
calculated for trend, whereas for section B (DBP), P-values were calculated for the differences between the two cutoffs (P for heterogeneity). Mean SBP/DBP achieved on
treatment were for SBP cutoffs: cutoff 150, 143.0/75.1 (active) and 155.5/80.1 (control); cutoff 140, 137.2/81.0 and 144.1/84.8; and cutoff 130, 127.1/80.1 and 136.3/
84.4 mmHg. For DBP cutoffs: cutoff 90, 136.0/86.8 and 147.5/92.8; cutoff 80, 130.9/78.7 and 142.4/81.6 mmHg. BP, blood pressure; CHD, coronary heart disease; CI,
confidence interval; CV, cardiovascular; HF, heart failure; n, number; NNT, number needed to treat; pts, patients; RR, Mantel–Haenszel risk ratios; vs., versus; y, years.

grades (stages); and the levels to which BP should be
brought by drugs to maximize the outcome reductions.
The results of these meta-analyses are intended to help
decisions in medical practice about the initiation and target
of BP-lowering therapy.

Preventive benefits of initiating blood-pressurelowering treatment in hypertensive patients at
different baseline blood pressure levels
Untreated hypertensive patients are usually stratified in
hypertension grades (stages) according to the SBP/DBP
Events
(n/patients)

DBP
cut-off

Trials
(n)

Difference
SBP/DBP
(mmHg)

Treated

Stroke

< 90 vs ≥ 90
< 80 vs ≥ 80

12
4

–12.3/–6.7
–10.3/–5.1

CHD

< 90 vs ≥ 90
< 80 vs ≥ 80

12
6

–12.6/–6.7
–10.0/–5.0

Stroke + CHD

< 90 vs ≥ 90
< 80 vs ≥ 80

CV Death
All-cause Death

Outcome

levels to guide therapeutic decisions [4,6,7]. Trials of antihypertensive therapy were rarely designed by stratifying
patients in this way. Some placebo-controlled trials, mostly
in the 1970s and 1980s, were focused on the so-called ‘mild
hypertension (e2, e8, e15, e28, e29), but its definition was
different from the current one on grade or stage 1 hypertension [2,3]. A recent Cochrane collaboration meta-analysis
[8], limited to individuals in ‘mild’ hypertension trials matching the BP values defining grade 1 hypertension, had
limited power to detect significant risk reductions, although
stroke reduction came close to statistical significance. A

Standardized RR
(95% CI)

Absolute
risk reduction
1000 pts/5 years
(95%CI)

NNT
5 years
(95% CI)

–10 (–12, –8)
–13 (–20, –6)

101 (83, 126)
75 (50, 170)

0.52

–6 (–8, –2) 181 (121, 435)
–6 (–12, +3) 181 (85, –293)

0.99

Controls

RR
(95% CI)

Standardized RR
(95% CI)

332/21112
271/7012

555/20751
357/7050

0.59 (0.51–0.67)
0.77 (0.66–0.90)

0.64 (0.56–0.71)
0.77 (0.65–0.90)

0.21

780/20130
264/7917

905/19589
298/7517

0.85 (0.77–0.93)
0.87 (0.71–1.08)

0.88 (0.82–0.95)
0.87 (0.72–1.08)

0.93

12
4

–12.6/–6.7 1075/20130
–10.3/–5.1
503/7012

1381/19589
629/7050

0.76 (0.71–0.82)
0.81 (0.73–0.91)

0.79 (0.74–0.84)
0.82 (0.74–0.91)

0.66

–15 (–19, –11)
–17 (–25, –9)

67 (54, 88)
58 (40, 115)

0.77

< 90 vs ≥ 90
< 80 vs ≥ 80

12
5

–12.6/–6.7
–10.5/–5.2

506/20130
454/7552

603/19589
518/7604

0.77 (0.63–0.95)
0.89 (0.78–1.00)

0.81 (0.68–0.96)
0.89 (0.78–1.00)

0.51

–6 (–10, –1)
–9 (–17, 0)

163 (97, 774)
113 (57, ∞)

0.55

< 90 vs ≥ 90
< 80 vs ≥ 80

13
6

–12.3/–6.7
–10.1/–5.3

955/21170
866/7789

1067/20491
953/7837

0.86 (0.76–0.97)
0.91 (0.83–1.01)

0.88 (0.79–0.97)
0.91 (0.83–1.01)

0.71

–6 (–11, –2)
–13 (–25, 0)

157 (90, 640)
76 (41, ∞)

0.27

0.4

0.7
Active better

1.0

1.5

P-value

P-value

2.0

Control better

FIGURE 5 Effects of blood pressure lowering in trials with mean on-treatment DBP below and above different cutoffs. Trials with baseline DBP less than 90 mmHg excluded
from cutoff less than vs. at least 80 mmHg. Data on heart failure were not included because only two trials with DBP less than 80 vs. at least 80 mmHg reported heart
failure as outcome. Standardized RR is to a SBP/DBP reduction of 10/5 mmHg. The column ‘absolute risk reduction’ reports the number (and 95% CI) of events prevented
every 1000 patients treated for 5 years with a standardized RR. NNT is the number (and 95% CI) of patients needed to treat for 5 years to prevent one event. The two
columns with P-values refer, the first, to standardized RRs and, the second, to absolute risk reductions (P-value for heterogeneity of differences between the two cutoffs).
Mean SBP/DBP achieved on treatment were for DBP cutoff 90, 138.1/86.6 (active) and 150.7/93.3 (control); cutoff 80, 147.1/78.5 and 157.6/83.7 mmHg. BP, blood
pressure; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; n, number; NNT, number needed to treat; pts, patients; RR, Mantel–Haenszel risk ratios;
vs., versus; y, years.
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meta-analysis by Czernichow et al. [9] of a larger number of
trials including individuals at different baseline BP levels
showed significant risk reductions at all BP levels, but
‘initial’’ BP values were from individuals the majority of
whom received antihypertensive treatment at the trial
beginning, and who were different from the individuals
for whom decisions on the initiation of drug treatment are
taken. In a meta-analysis in Law et al.’s overview [10] and in
that by Thompson et al. [11], not only most patients stratified by initial BP were under treatment, but also most of
those at the lowest BP values were patients with myocardial
infarction or heart failure. In both Czernichow et al. [9] and
Law et al.’s meta-analyses [10], risk reductions were separately calculated for SBP and DBP, whereas clinical definition of hypertension grade should be made considering
both SBP and DBP. Therefore, major guidelines vary about
the recommendations for drug treatment in grade 1 hypertension: drugs are recommended for all patients with SBP/
DBP at least 140/90 mmHg in the JNC-7 report [6], only for
grade 1 hypertension at high cardiovascular risk in the 2011
National Institute for Health and Clinical Excellence (NICE)
guideline [12], only for grade 1 hypertensive individuals
after several months of unsuccessful lifestyle measures in
the 2013 ESH–ESC guidelines [4] and the 2014 American
Society of Hypertension–International Society of Hypertension guidelines [7], and only as an ‘expert opinion’ in the
2014 report by the members appointed to JNC-8 [5]. Furthermore, there is no information whether relative risk
reduction by BP lowering is of similar extent at different
levels of untreated BP.
We have considered all BP-lowering trials in which
baseline BP was measured in the absence of background
antihypertensive treatment, and stratified these trials as
grade 1, 2, or 3 hypertension according to the average
baseline SBP and DBP values. In this way, we could metaanalyze 6 trials with 16 000 individuals predominantly with
grade 1 hypertension, 17 trials with more than 75 000
individuals mostly with grade 2 hypertension, and 9 trials
with about 12 500 individuals mostly with grade 3 hypertension. Significant reduction in most type of outcomes,
including fatal events, was found at all hypertension grades,
with no significant trend for risk ratio changes at different
grades. Even when grade 1 trials were limited to those
predominantly enrolling individuals at low-to-moderate
cardiovascular risk, significant benefits from BP-lowering
drugs were found, with a low NNT for 5 years to prevent
one major cardiovascular event (NNT ¼ 29).

Effects of blood-pressure-lowering treatment
to SBP and DBP levels below vs. above
predeterminate cutoffs
The major finding of this set of meta-analyses is that
significant risk reductions occurred when SBP was lowered
to below any cutoff considered, that is, 150, 140, and
130 mmHg. This suggests that achieving SBP values just
below 130 mmHg (average 127 mmHg) is safe. However,
whereas bringing SBP below 150 and 140 mmHg significantly reduced all types of cardiovascular events, including
mortality, a BP difference across the lowest cutoff of
130 mmHg significantly reduced stroke (32%) and, modestly (12%), all-cause death only. Loss of significance for
Journal of Hypertension

most outcome reductions in trials with achieved SBP values
less than 130 mmHg vs. greater than 130 mmHg is unlikely
caused by loss of statistical power, as the group included
over 30 000 individuals presenting more than 1500 CHD
and 1800 deaths. The finding that bringing SBP just less than
130 mmHg further reduces stroke incidence is in agreement
with our previous report [1] that meta-regressions of cardiovascular risk reductions over SBP reductions are steeper for
stroke than cardiovascular death, and are nonsignificant for
CHD. Relationship of BP reductions to the logarithm of
cardiovascular RRs implies benefits of BP reduction increment to a progressively lower extent the larger the BP
reduction and the lower the achieved BP. In the present
analyses, although there was no significant trend for relative
risk reductions to decrease at lower SBP cutoffs, there was a
consistent trend to a progressive reduction of absolute risk
reduction of most outcomes at lower SBP cutoffs, probably
indicating hypertensive patients with SBP values around
lower cutoffs are at progressively lower cardiovascular risk,
this further contributing to restrict BP-lowering benefits to
the outcome most sensitive to the BP intervention.
At variance with what was observed for SBP cutoffs,
significant and similar reductions of major outcomes were
observed when DBP differences were investigated at cutoffs of 90 and 80 mmHg. This suggests that bringing DBP
just below 80 mmHg (an average value of 78.6 mmHg) is
safe and may be beneficial: the difference with what we find
with SBP cutoffs may be because of the steeper metaregression of cardiovascular risk reduction for DBP rather
than SBP reduction we have previously calculated [1].
However, when trials with baseline DBP already lower
than 90 mmHg (predominantly isolated systolic hypertension) were excluded from the meta-analyses, lowering of
DBP to less than 80 mmHg was no longer significantly
effective on CHD and mortality, and its efficacy was limited
mostly to stroke reduction, as was lowering SBP below the
lowest cutoff of 130 mmHg.

Strengths and limitations
A major strength of our meta-analyses is having organized
them around the questions of interest for the practice of
medicine and debated in the recent hypertension guidelines [3–5,7,12]: what are the effects of BP lowering in
patients at different grades of BP elevation and, therefore,
whether there is evidence in favor of initiating BP-lowering
treatment in all patients with SBP/DBP at least 140/
90 mmHg; what are the benefits of reducing SBP and
DBP at progressively lower levels, and, therefore, what is
the evidence about the optimal BP targets to be achieved by
BP lowering.
An additional strength is that the meta-analyses are based
on the overview of all trials investigating BP-lowering
effects on the cardiovascular outcomes of hypertensive
patients published over a span of almost 50 years (from
1966 to December 2013). They differ from the Blood
Pressure Lowering Treatment Trialists’s Collaboration
meta-analyses [13–15], which analyze only trials posterior
to 1995, and from Law et al.’s meta-analyses [10], which
also include trials in which antihypertensive drugs were
administered in acute myocardial infarction, left ventricular
dysfunction and heart failure, and do not include trials
www.jhypertension.com

7

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

CE: Namrta; JH-D-14-00645; Total nos of Pages: 9;

JH-D-14-00645

Thomopoulos et al.

posterior to December 2007. As a result of our extensive
overview, each set of meta-analyses addressing either of
the major practical questions we have investigated is based
on a very large number of trials, individuals, and events: 32
trials, 104 359 individuals, and 5929 deaths for investigating
the effects of BP lowering at different grades of hypertension; 32 trials, 127 929 individuals and 7101 deaths, and 29
trials, 107 665 individuals, and 7230 deaths for investigating
the effects of achieving different SBP and DBP levels,
respectively.
Our analyses have another strength, that of using data
from each trial in their integrity, avoiding – except in
secondary analyses – the temptation of doing metaanalyses of the subgroups. Individual data meta-analyses
not only have attractions as individual patients can be
selected with precise criteria, but also have limitations.
First, they cannot be done by using on-treatment criteria,
such as achieved BP, because randomization is lost, but
even when data at randomization are used, such as baseline
BP, they are based on a larger number of post hoc decisions
than the meta-analyses of integral data, and are restricted to
those few trials the individual data of which are available
to the investigators. In addition to having preserved
randomization, another strength of our analyses is that of
having excluded patients under baseline antihypertensive
treatment from the groups defined according to the hypertension grade. Background treatment obscures the real
levels of baseline BP, and the results of meta-analyses
including baseline treated individuals [9,10] cannot be used
to decide about treatment initiation.
Our meta-analyses also have limitations. The first one
is implicit in our using trial data in their integrity, and
grouping trials according to the average SBP/DBP values.
If this approach has the advantages mentioned above, it
also has the limitations of probably including a number of
patients with BP out of the range predetermined for stratifying baseline or achieved BPs. However, this number is
unlikely to be large, as within each BP group, the average
value was near the middle values of each range: for
example, for grade 1 hypertension (SBP 140–159 mmHg,
DBP 90–99 mmHg), average SBP/DBP values were
about 153/96 mmHg (and for grade 1 low-to-moderate risk
145/91 mmHg), and for on-treatment SBP 130–139 vs. at
least 140 mmHg average values were 137.1 vs. 144.2 mmHg.
Furthermore, our finding that relative risk reduction has no
trend to change between different hypertension grades or
targets makes it unlikely that relative risk reduction was
significantly different in patients within and outside the BP
ranges used for stratification.
An additional limitation is that the necessarily separated
analysis of cutoffs of achieved SBP and DBP cannot
account for the fact that BP-lowering treatment simultaneously affects SBP and DBP, and indeed the data of
Fig. 3 show that across SBP cutoffs the expected differences
in SBP were accompanied by DBP differences, and the
same occurred across DBP cutoffs, with SBP differences
being consistently about twice as large as DBP differences.
This is the reason why RRs were standardized to a simultaneous SBP/DBP reduction of 10/5 mmHg. Actually, the
three groups of trials across different SBP cutoffs all had
DBP across the same cutoff (across 80 mmHg), and the two
8
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groups across different DBP cutoffs had SBP across the
same cutoff of 140 mmHg.
A final limitation is that the two sets of meta-analyses,
though stimulated by the need to answer questions relevant
to medical practice, have put together trials that were not
intended to investigate these questions, as unfortunately no
trial approached these questions in the form these questions are asked nowadays.

CONCLUSION
Our meta-analyses provide data favoring drug treatment
even in grade 1 hypertensive individuals at low-to-moderate cardiovascular risk, and indicate lowering SBP to less
than 140 mmHg can significantly reduce all types of fatal
and nonfatal cardiovascular events, whereas achieving SBP
less than 130 mmHg is safe, but can add some further
significant reduction in stroke incidence only. On the other
hand, reducing DBP to less than 80 mmHg can further and
significantly decrease all types of cardiovascular events
without the evidence of attenuated benefits, although
exclusion of trials with baseline DBP less than 90 mmHg
(i.e., trials on predominantly isolated systolic hypertension)
reduces the benefits of DBP less than 80 mmHg only to
stroke reduction. The results of these meta-analyses provide support to the present opinion-based recommendations [4,5,7] of treating with antihypertensive drugs all
patients with SBP/DBP at least 140/90 mmHg, and using a
SBP target of less than 140 mmHg, with SBP values just less
than 130 mmHg and DBP values just less than 80 mmHg
being safe and potentially beneficial particularly regarding
stroke. However, meta-analyses are hypothesis-raising
instruments, not a body of proof [16], and the conclusions
of the present meta-analyses are not the substitute of
randomized trials intended to answer the questions they
have approached. They can be considered a stimulus to
have trials properly designed and conducted, and a support
to doctors having to take decisions before trial evidence
is obtained.
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