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Background The benefits of reducing blood pressure are
well established, but there remains uncertainty about
whether the magnitude of the effect varies with the initial
blood pressure level. The objective was to compare the risk
reductions achieved by different blood pressure-lowering
regimens among individuals with different baseline blood
pressures.

Methods Thirty-two randomized controlled trials were
included and seven comparisons between different types of
treatments were made. For each comparison, the primary
prespecified analysis included calculation of summary
estimates of effect using random-effects meta-analysis for
major cardiovascular events in four groups defined by
baseline SBP (<140, 140-159, 160-179, and >180 mmHg).

Results There were 201 566 participants among whom
20079 primary outcome events were observed. There was
no evidence of differences in the proportionate risk
reductions achieved with different blood pressure-lowering
regimens across groups defined according to higher or
lower levels of baseline SBP (all P for trend >0.17). This
finding was broadly consistent for comparisons of different
regimens, for DBP categories, and for commonly used
blood pressure cut-points.

Conclusion It appears unlikely that the effectiveness of
blood pressure-lowering treatments depends substantively
upon starting blood pressure level. As the majority of

Background

It is well recognized that blood pressure increases risk not
just among individuals with hypertension but across the
full range of blood pressure levels [1,2]. Large-scale
observational studies on individuals free of overt cardio-
vascular disease have demonstrated that the relationship
between blood pressure and cardiovascular risk is log-
linear and continuous with no evidence of a plateau effect
down to SBP levels of 110 mmHg and DBP levels of
70 mmHg [3]. As a result, the last decade has seen a shift
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patients in the trials contributing to these overviews had a
history of hypertension or were receiving background blood
pressure-lowering therapy, the findings suggest that
additional blood pressure reduction in hypertensive
patients meeting initial blood pressure targets will produce
further benefits. More broadly, the data are supportive of the
utilization of blood pressure-lowering regimens in high-risk
patients with and without hypertension. J Hypertens 29:4-
16 © 2010 Wolters Kluwer Health | Lippincott Williams &
Wilkins.
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away from the allocation of blood pressure-lowering
treatment based only on conventional thresholds (i.e.,
140 mmHg for systolic and 90 mmHg for diastolic) and a
move toward the allocation of treatment based on an
assessment of absolute cardiovascular risk [4,5]. This
reorientation is based upon the findings of a number of
trials that have demonstrated benefits that can be
achieved among individuals selected on the basis of risk,
rather than blood pressure level [6,7]. A number of recent
reports have recommended a much broader use of blood
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pressure-lowering agents [8], although there is still fairly
limited evidence about the efficacy of blood pressure
reduction in patients with SBPs much below 140 mmHg
[9] and whether there is a limit to the protection afforded
by further blood pressure lowering [10-13].

The Blood Pressure Lowering Treatment Trialists’
Collaboration was established to perform prespecified
overviews of trials investigating the effects of blood
pressure-lowering drugs on cardiovascular mortality and
morbidity, including assessments of the comparative
effects of drugs between patient subgroups [14]. The
aim of the current analysis was to compare the effects of
blood pressure reduction and different blood pressure-
lowering drug regimens in patient groups defined accord-
ing to baseline blood pressure levels.

Methods

Trials included

T'rials were eligible for inclusion in these overviews if
they met one of the following criteria: randomization of
patients between a blood pressure-lowering drug and
control (placebo or less intensive blood pressure-lowering
regimen) or randomization of patients between regimens
based on different classes of blood pressure-lowering
drugs. Trials were also required to have a minimum of
1000 patient-years planned follow-up in each randomized
group and must not have presented or published their
main results prior to finalization of the overview protocol
in July 1995. Trials for which individual data or data
stratified by initial blood pressure had been obtained by
December 2008 were included. Additional information
about the identification of the trials and inclusion criteria
are described in the protocol [14].

Baseline blood pressure categories

The SBP categories defined a priori [14] were less than
140, 140-159, 160-179, and at least 180 mmHg and these
constitute the primary analysis. For secondary analyses,
as there were no « priori DBP categories defined, we used
those specified in the Joint National Committee Guide-
lines for the Prevention, Detection, Evaluation and
Treatment of High Blood Pressure (<80, 80-89, 90—
99, and >100 mmHg) [15]. Additional secondary analyses
were also done for the SBP categories defined in those
guidelines (<120, 120-139, 140-159, and >160 mmHg)
and for patients with SBP levels less than and at least
140mmHg and DBP levels less than and at least
90 mmHg.

Comparisons between blood pressure-lowering
regimens

Seven prespecified comparisons between different blood
pressure-lowering regimens were made [16]. Three of
these comparisons included trials aiming at greater blood
pressure reduction in one group [angiotensin-converting
enzyme (ACE) inhibitor-based regimens compared with
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placebo; calcium antagonist-based regimens compared
with placebo; and more intense compared with less
intense blood pressure-lowering regimens]. The remain-
ing four comparisons included trials comparing different
active regimens but with similar blood pressure lowering
in the two treatment arms [ACE inhibitor-based regi-
mens compared with diuretic/B-blocker-based regimens;
calcium antagonist-based regimens compared with diure-
tic/B-blocker-based regimens; ACE inhibitor-based regi-
mens compared with calcium antagonist-based regimens;
and angiotensin receptor blocker-based regimens com-
pared with control regimens].

Outcomes

The primary outcome for these analyses was major
cardiovascular events, comprising stroke (nonfatal stroke
or death from cerebrovascular disease), coronary heart
disease (nonfatal myocardial infarction or death from
coronary heart disease, including sudden death) and heart
failure (causing death or requiring hospitalization).
Secondary outcomes were stroke, coronary heart disease,
heart failure, cardiovascular death, and total mortality. All
outcomes were defined as per the original overview
protocol [14].

Statistical analyses

All the analyses were conducted according to the prin-
ciple of intention-to-treat. Only the first event of any type
was counted. Throughout, P values less than 0.05 were
considered unlikely to have arisen by chance, although
the outcomes of all analyses were interpreted in light of
the multiple comparisons that were made. Analyses were
done using STATA (V 9.0; Stata Corporation, College
Station, Texas, USA) and SAS (V 9.1; SAS Institute Inc.,
Cary, North Carolina, USA). The blood pressure
reduction in each trial arm was calculated as the mean
of the differences between each participant’s blood pres-
sure during follow-up and their blood pressure at base-
line. The mean difference in blood pressure indices
between randomized groups was then calculated by
subtracting the values for the treatment arms compared.
Overall estimates for each blood pressure subgroup were
obtained by weighing the estimates from each individual
study in proportion to the number of individuals in each
baseline SBP or DBP category in that study. The average
achieved blood pressure was also calculated by the same
weighting technique.

Three different sets of analyses were done to explore the
effects of the different blood pressure-lowering regimens
among patients with different baseline blood pressure
levels.

(1) Meta-analyses to estimate the proportionate risk
reductions achieved with different blood pressure-
lowering regimens in patient groups categorized by
baseline blood pressure — for each trial, and for each
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(2)

3)

outcome, estimates of the relative risk and its
variance were calculated separately for each of the
blood pressure categories. Overall estimates of effect
and corresponding 95% confidence intervals were
calculated separately for each blood pressure category
using random-effects models and inverse variance
weighting. Where there were four blood pressure
subcategories, a test for linear trend of treatment
effects across the blood pressure categorics was
performed by regressing each log relative risk on the
ordinal variable for blood pressure in four levels using
random-effects meta-regression. Similarly, where
there were just two blood pressure subcategories,
the consistency of the effects of each treatment
regimen across the two groups was examined using x°
tests of homogeneity.

For trials comparing ACE inhibitors to placebo,
subsidiary analyses were also conducted in order to
determine whether there might be differences in the
effects of blood pressure lowering among patients
who were normotensive and receiving prerandomiza-
tion blood pressure treatment, compared with those
patients who were normotensive without treatment,
at baseline. These analyses were only able to use data
from five trials (8765 participants) [6,17-20], for
which information about blood pressure-lowering
treatment at baseline was available.

Meta-analyses to estimate the proportionate risk
reductions achieved with different blood pressure-
lowering regimens using continuous measures of
baseline blood pressure — using individual partici-
pant data, Cox regression models, including treat-
ment, blood pressure as a continuous variable, and
their interaction term were fitted for each trial.
Analysis of Schoenfeld residuals confirmed that the
Cox proportional hazards model assumption was
verified. Overall estimates for the interaction term
and 95% confidence intervals were calculated for
each comparison using random-effects models and
inverse variance weighting. Results were expressed
as the proportionate difference in relative risk
achieved with treatment compared to control/other
active treatment for a given higher starting blood
pressure level. The linearity of the associations of risk
reduction with baseline blood pressure was also
tested within these models by fitting quadratic and
cubic terms for blood pressure: no evidence of
nonlinearity was identified (all P values >0.05).
Meta-regressions describing the association of
achieved blood pressure reductions with relative risk
reductions for patient groups with different baseline
blood pressure levels — using individual participant
data, the differences in follow-up blood pressure
levels between randomized groups for each com-
parison were plotted against the relative risk
reductions achieved for major cardiovascular events
separately for the four baseline blood pressure
groups. Weighted regression lines were fitted to

the data for each of the four baseline blood pressure
groups and the slopes were compared by including an
interaction term. Assumptions of linear associations
between differences in follow-up blood pressure
levels and log relative risk were tested with standard
graphical methods. As trial participants could con-
tribute only once to a given meta-regression analysis,
for factorial trials that included randomization to
different intensities of blood pressure lowering and
randomization to different drug treatments, we
included only the results of the randomization to
different intensities of blood pressure lowering.
Likewise for trials with randomization to three
treatment arms only, two of the possible three
treatment comparisons were included with the
control arm participants divided equally between
the two comparisons.

Results

Trials, patients, and outcomes

The primary analysis, based on the predefined SBP
criteria, uses data from all 32 trials and 201566 partici-
pants (Table 1 and also Online Supplement, http://
links.Iww.com/HJH/A52). Of these, 17 trials (75150
participants) compared different degrees of blood pres-
sure reduction, whereas the remaining 15 trials (126416
participants) compared different active blood pressure-
lowering regimens. The mean duration of follow-up in
the trials ranged from 2.0 to 8.4 years. Mean baseline SBP
and DBP levels in the trials ranged from 128 to
194 mmHg and 76 to 105mmHg, respectively. There
were 20079 first major cardiovascular events recorded,
comprising 6877 strokes, 9962 coronary heart disease
events, and 3897 heart failure events. There were
15539 deaths, of which 7871 (51%) were vascular in
origin. The secondary analyses excluded data from six
trials [7,21-25] and 23 988 participants, for which indi-
vidual participant data were not available.

Meta-analyses of trials comparing an active regimen
with control regimen (placebo-controlled trials and trials
targeting different blood pressure goals)

Major cardiovascular events

For the primary analysis comparing the effects of blood
pressure reduction (trials of active treatment vs. placebo
or more vs. less intense blood pressure reduction) on
major cardiovascular events according to prespecified
SBP categories, there was no evidence that the propor-
tionate effects varied according to the baseline blood
pressure level (all P for trend >0.17; Fig. 1a). The same
was true when analyses were done grouping patients on
the basis of SBP levels less than or at least 140 mmHg (all
P for heterogeneity >0.16; Fig. 1b) and for analyses done
grouping patients according to Seventh Report of the
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure
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Fig. 1
(@) i SBP/DBP
No. of events/patients Favors Favors Risk ratio P for
Active Control Difference Active Control (95% CI) trend
ACE-I vs. placebo
<140 1005/1052 1177/1048 -4.6/-2.1 g 0.85 (0.74-0.98)
140-159  945/8394 1174/860  -4.5/-2.1 - 0.82(0.73-0.92
160-179  462/3295 566/3177 -5.1/-2.0 e 0.80 (0.67-0.95)
>180 115/856 177/849 -5.4/-2.4 —_—— 0.65 (0.45-0.93) 0.17
Ca vs. Placebo
<140 36/656 30/613 +0.4/-1.1 —1T —— 1.12(0.70-1.80)
140-159 13/357 18/362 +2.0+402 ———1—————0.79(0.33-1.88)
160-179 81/1919 120/1871 -8.2/-3.4 —_ 0.67 (0.51-0.88)
=180 43/592 51/554 -13.0/-4.4 —_ 0.80 (0.54-1.17) 0.21
More vs. Less
<140 37/406 57/481 -8.1/-6.5 —_— —— 0.74 (0.50-1.10)
140-159 89/1,879 136/340 -3.6/-3.5 _ 0.93 (0.66-1.30)
160-179  164/3,530 270/6858 -3.2/-3.2 e — 1.08 (0.90-1.31)
>180 78/1,461 162/2815  -3.6/-3.3 —_ 0.85 (0.65-1.10) 0.56
1
0.5 1.0 2.0
Risk ratio
(b) .
No. of events/patients Achieved SBP Favors Favors Risk ratio P for
Active Control Active/Control active control (95% Cl) hetrogeneity
ACE-| vs. Placebo
<140 1500/10527 1177/10482 126.2/131.1 e 0.85 (0.74-0.98)
>140 1522/ 12545 1917/12626 140.7/145.3 = 0.80(0.70-0.91)  0.54
CA vs. Placebo
<140 36/656 30/613 129.0/128.7 — ———— 1.12(0.70-1.80)
=140 137/ 2876 189/2806 150.1/158.1 _ 0.71 (0.57-0.88) 0.16
More vs. Less
<140 37/406 57/481 125.4/133.8 ———  —— 0.74 (0.50-1.10)
>140 331/ 6870 568/13076 139.8/143.2 = 0.97 (0.85-1.11)  0.17
[ 1
5 1 2

Comparisons of blood pressure-lowering drugs against placebo or less intensive control for the outcome total major cardiovascular events,
according to baseline SBP categorized as (a) less than 140, 140-159, 160-179, at least 180 mmHg and (b) less than 140 and at least 140 mmHg.
SBP/DBP difference = overall mean blood pressure difference during follow-up between treatment groups (the actively treated group compared with
the control group), calculated by weighing the difference observed in each contributing trial by the number of individuals in the trial, within SBP
categories. Negative blood pressure values indicate lower mean follow-up blood pressure levels in the first listed than in second listed groups.
Achieved blood pressure =mean blood pressure during follow-up calculated by weighing the estimates from each individual trial by number of
individuals in each baseline SBP category. ACE-l, angiotensin-converting enzyme inhibitor; CA, calcium antagonist; Less, less intensive blood
pressure-lowering regimen; More, more intensive blood pressure-lowering regimen.

90 mmHg (Supplementary Table 3, http://links.lww.com/
HJH/AS52), there was no consistent pattern of a difference
in the efficacy of active treatments.

Analyses of baseline blood pressure as a continuous
variable

The meta-regression analyses showed no difference in
the magnitude of the relative risk reduction achieved

per unit blood pressure lowering for patients with
different starting SBP or DBP levels (Fig. 5). Also,
meta-analyses with blood pressure as a continuous
variable identified no consistent interaction between
the baseline blood pressure level and the effectiveness
of the various blood pressure-lowering treatments
studied (Supplementary Figure 1, http://links.lww.com/
HJH/A52).
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Fig. 2
(a) ; SBP/DBP
No. of Events/Patients Favors Favors Risk ratio P for
Acti i
ctive Control Difference active control (95% Cl) trend
ACE-I vs. placebo
<80 566/616 644/6156 -5.0/-2.1 —r 0.88 (0.75-1.03)
80-89 736/7701 857/7727 -5.0/-2.1 e 0.86 (0.75-0.98)
90-99 411/3688 522/3722 -5.3/-2.6 = 0.80 (0.69-0.92)
=100 102/855 152/829 -7.4/-3.0 _ 0.66 (0.52t0 0.83) 0.046
CA vs. placebo
<80 37/619 53/598 -8.0/-36 —  —— 0.68 (0.45-1.02)
80-89 82/1656 96/1589 -8.4/-3.2 — 0.81 (0.61-1.08)
90-99 33/823 50/798 -8.6/-39 ————— 0.65 (0.43-1.06)
>100 NA NA NA 0.92
More vs. less
<80 2/6 3/10 -10.5/-3.9 1.11 (0.25-4.86)
80-89 33/227 34/231 -6.4/-5.7 e ——— —— 0.99 (0.63-1.54)
90-99 28/160 36/157 -8.1/-79 ———+t 0.69 (0.46-1.05)
>100 234/6388 479/12602 -2.9/-3.0 A 0.95 (0.81-1.11) 0.78
I 1
5 1 2
Risk ratio
(b) .
No. of events/patients Achieved DBP Favors Favors Risk ratio P for
Active Control Active/Control Active Control (95% Cl) heterogeneity
ACE -1 vs. placebo
<90 1302/13862 1501/13883 75.7/77.9 = 0.86 (0.76-0.97)
=90 513/4566 674/4573 82.6/85.2 - 0.77 (0.66-0.89) 0.25
CA vs. placebo
<90 119/2275 149/2187 78.0/81.2 _— 0.76 (0.60-0.96)
=90 33/ 843 50/820 83.4/87.3 —— _—— 0.66 (0.43-1.01) 0.57
More vs. less
<90 35/233 37/241 76.7/81.6 —_— T — 0.98 (0.64-1.50)
=90 262/6500 515/12761 81.4/84.4 R 0.91 (0.79-1.05) 0.76
]
1 2
Risk ratio

Comparisons of blood pressure-lowering regimens against placebo or less intensive control for the outcome total major cardiovascular events,
according to baseline DBP categorized as (a) less than 80, 80—-89, 90-90, at least 100 mmHg and (b) less than 90 and 90+ mmHg. SBP/DBP
difference = overall mean blood pressure difference during follow-up between treatment groups (the actively treated group compared with the
control group), calculated by weighing the difference observed in each contributing trial by the number of individuals in the trial. Negative blood
pressure values indicate lower mean follow-up blood pressure levels in the first listed than in second listed groups. Achieved blood pressure =mean
blood pressure during follow-up calculated by weighing the estimates from each individual trial by number of individuals in each baseline DBP
category. ACE-l, angiotensin-converting enzyme inhibitor; CA, calcium antagonist; Less, less intensive blood pressure-lowering regimen; More, more

intensive blood pressure-lowering regimen.

Subsidiary analyses of patients on and off blood
pressure-lowering treatment at baseline

In the subgroup of patients not using any blood pressure-
lowering agent at baseline, there was no evidence that the
effects of blood pressure reduction on risk differed
according to baseline SBP when defined according to

the prespecified categories (P for trend >0.46) or dichot-
omized as less than or at least 140 mmHg (P > 0.06).

Discussion
These overviews of randomized trials found little evi-
dence that blood pressure lowering produces proportional
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Fig. 3
(@) " SBP/DBP
No. of events/patients Favors Favors Risk ratio P for
Aot )
ctive Control Difference active control (95% Cl) trend
ACE-l vs. D/BB
<140 437/3381 763/5534 +2.1/+0.3 <> 0.96 (0.86-1.07)
140-159  913/6976 1322/10026  +2.3/+0.4 <> 1.07 (0.99-1.15)
160-179  708/6101 906/7110  +1.9/+0.6 << 1.03 (0.94-1.13)
> 180 556/3773 600/3771 +1.9/+0.9 = 0.94 (0.82-1.07)  0.60
Cavs. D/BB
<140 770/7825 1032/9861 +0.8/-0.0 e 1.00 (0.82-1.23)
140-159 1288/14694 1719/17707  +0.5/-0.4 > 1.04 (0.97-1.11)
160-179  967/12364 1216/13859  +0.6/-0.4 = 0.99 (0.86-1.13)
> 180 791/6638 822/6742 +1.2/-0.1 T 0.97 (0.83-1.13)  0.26
ACE vs. CA
<140 450/3433 533/3477 +0.2/+0.2 P 0.86 (0.76-0.96)
140-159  816/5192 785/5080 +1.5/+1.0 < 1.01 (0.93-1.11)
160-179  441/2389 413/2278 +2.7/+1.6 = 1.00 (0.84-1.20)
>180 422/2248 445/2227 -0.1/+1.0 > 0.94 (0.83-1.06)  0.44
ARB vs. Other
<140 84/351 88/340 -1.5/-0.5 _ 0.92 (0.71-1.18)
140-159 183/982 191/927 -1.8/-1.2 - 0.92 (0.77-1.09
160-179 306/2428 367/2438 -3.3/-1.5 e 0.83 (0.72-0.97)
> 180 48/148 63/188 -1.3/-2.8 _t 095(0.61-1.49) 073
0.5 1.0 2.0
Risk ratio
(b) No. of oai
0. of events/patients Achieved SBP Favors Favors Risk ratio P for
Firstlisted Second listed ~ 1Stlisted/2Ndisted  ystjisted  2nd| listed (95% Cl)  heterogeneity
ACE vs. D/BB
<140 437/3381 763/5534 134.7/132.5 <> 0.96 (0.86-1.07)
> 140 2177/16850 2828/20907 147.8/144.3 > 1.02(0.97-1.08)  0.32
Cavs. D/BB
<140 770/7825 1032/9861 132.0/131.3 e 1.00 (0.82-1.22)
>140 3,046/33,696  3757/38308 129.2/129.8 o 1.02 (0.98-1.07) 0.85
ACE vs. CA
<140 450/3,433 533/3447 133.0/1331.1 = 0.86 (0.77-0.97)
>140 1679/9845 1643/9592 146.0/144.7 0.99 (0.93-1.05) 0.03
ARB vs. Other
<140 84/351 88/340 1332.2/134.9 e 0.92 (0.71-1.19)
>140 537/3558 621/3553 144.4/146.6 P 0.87 (0.79-0.96)  0.70
T 1
5 1 2
Risk ratio

Comparisons of blood pressure-lowering regimens based on different drug classes and of angiotensin receptor blocker-based regimens with other
regimens for the outcome total major cardiovascular events, according to baseline SBP categorized as (a) less than 140, 140-159, 160-179, at
least 180 mmHg and (b) less than 140 and at least 140 mmHg. SBP/DBP difference = overall mean blood pressure difference during follow-up
between treatment groups (the group assigned the first listed treatment compared with the group assigned the second-listed treatment), calculated
by weighing the difference observed in each contributing trial by the number of individuals in the trial, within SBP categories. Negative blood
pressure values indicate lower mean follow-up blood pressure levels in the first listed than in second listed groups. Achieved blood pressure =mean
blood pressure during follow-up calculated by weighing the estimates from each individual trial by number of individuals in each baseline SBP
category. ACEI, ACE inhibitor, ARB, angiotensin receptor blocker, Ca, calcium antagonist, D/BB, diuretic or beta-blocker.
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Fig. 4
(@
' SBP/DBP
No. of events/patients Difference F'avors F"%V.ors Risk ratio Pfor
Firstlisted Second listed I¥ vs 2" listed I* listed 27 listed  (95% ClI) trend
ACE-l vs. D/BB
<80 568/2996 892/4772  +1.7/+0.2 < 1.04 (0.94-1.14)
80-89 670/5055 1089/7596  +2.6/+0.8 < 0.95 (0.87-1.03)
90-99 759/6321 1004/8247  +1.9/+0.5 < 1.02 (0.94-1.12)
>100 558/5423 544/5385  +2.3/+1.0 L~ 1.10(0.98-1.22)  0.34
Cavs. D/BB
<80 911/6913 1196/8589  +0.5/-0.5 > 1.06 (0.98-1.14)
80-89 1,019/8991  1355/12495  +0.3/-0.4 > 1.05 (0.97-1.13)
90-99 849/10395  1114/12107  +0.3/-0.4 <> 0.99 (0.91-1.08)
>100 838/10937 891/11346  +2.0/-0.1 < 1.00 (0.92-1.10)  0.24
ACE vs. CA
<80 555/3005 604/3087  +0.9/+0.7 < 0.95 (0.86-1.05)
80-89 618/4304 668/4238  +1.3/+1.1 < 0.91 (0.83-1.01)
90-99 566/3722 569/3662  +1.0/+0.9 <> 0.98 (0.88-1.08)
>100 331/1785 312/1814  +0.8/+1.2 _T 1.04(0.76-1.42)  0.14
ARB vs. Other
<80 23/86 18/84 +1.5/+1.0 —_—t 125 (0.73-2.14)
80-89 50/265 65/243 +15/+08 ~ —— 0.71 (0.51-0.98)
90-99 41/229 41/254 +2.9/+0.4 e — 1.11 (0.75-1.65)
>100 234/6338  479/12602 2402 —__————— 0.62 (0.34-1.16) 0.45
0.5 1.0 2.0
Risk ratio
(b) .
No. of events/patients Achieved SBP Favors Favors Risk ratio P for .
Firstlisted Second listed 1% listed/2™ listed 1%listed 2™ listed (95% CI)  heterogeneity
ACE vs. D/BB
<90 1238/8051 1981/12367 78.1/77.5 <> 0.97 (0.88-1.07)
>90 1317/ 11744 1548/13632 84.5/85.0 > 1.05(0.98-1.12)  0.18
CAvs. D/BB
<90 1929/16818 2551/21112 76.3/76.8 K> 1.06 (1.00-1.11)
>90 1687/ 21332 2005/23453 84.0/84.0 < 1.00 (0.94-1.06) 015
ACE vs. CA
<90 1173/7309 1272/7325 77.4/76.4 <> 0.93 (0.86-1.00)
>90 897/5530 881/5495 84.2/83.2 I 0.98 (0.85-1.13)  0.53
ARB vs. Other
<90 73/351 83/327 79.4/78.9 _ 0.82 (0.62-1.08)
>90 55/ 330 61/344 82.9/82.3 —_— T 0.94 (0.67-1.31)  0.55
I 1
5 1 2
Risk ratio

Comparisons of blood pressure-lowering regimens based on different drug classes and for ARB-based regimens with other regimens for the
outcome total major cardiovascular events, according to baseline DBP categorised as a) <80, 80-89, 90-90, >100mmHg and b) <90 and
>90mm Hg. SBP/DBP difference = overall mean blood pressure difference during follow-up between treatment groups (the first listed treatment
compared with the group assigned the second-listed treatment), calculated by weighting the difference observed in each contributing trial by the
number of individuals in the trial. Negative blood pressure values indicate lower mean follow-up blood pressure levels in the first listed than in second
listed groups. Achieved blood pressure =mean blood pressure during follow-up calculated by weighting the estimates from each individual trial by
number of individuals in each baseline DBP category. ACE-l, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CA,
calcium antagonist; D/BB, diuretic or B-blocker.
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Fig. 5
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se variance of the log odds ratio. Fitted lines represent the summary meta-

reductions in the risks of major vascular events that are
quantitatively different in patients with a range of initial
blood pressure levels and background use of other blood
pressure-lowering therapies. These conclusions are most
safely based on meta-analyses of trials comparing active
treatment with placebo and trials targeting different
blood pressure goals. However, the conclusions are
further strengthened by meta-analyses of trials compar-
ing different active regimens, in which risk ratios were
consistently close to unity.

The findings of these overviews concur with large-scale
observational studies [2,3], as with those of trials done
primarily on nonhypertensive patient groups with other

disease states, which show proportional reductions in risk
that are directly comparable to those achieved in hyper-
tensive populations [8].

The clinical implications of the new findings reported
here are important as they assert a greater role for blood
pressure lowering in high-risk patients with nonhyper-
tensive blood pressure levels. They also suggest that
additional blood pressure-lowering treatment in hyper-
tensive patients who have met initial blood pressure goals
(mostly because of the concomitant use of other blood
pressure-lowering agents) may produce further benefits.
As a result, these findings support the progressive shift in
the recommendations of guidelines toward the allocation
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of blood pressure-lowering treatment on the basis of
overall vascular risk rather than blood pressure threshold
alone [4,5].

In addition to providing strong evidence for the broader
use of blood pressure-lowering agents in clinical practice,
the results of these overviews also serve to simplify
decisions about drug choice for physicians seeking to
avert blood pressure-related diseases. The overviews
have provided no clear evidence of greater or lesser
benefits for any particular drug class in patients with
higher or lower blood pressure levels. The few significant
P values that were obtained for secondary analyses and
secondary outcomes most likely reflect the large number
of analyses undertaken and have probably arisen by
chance. The likelihood of this explanation is further
supported by the borderline statistical significance of
the few differences that were observed and the absence
of any consistent pattern favoring one drug regimen or
another. The conclusions are also in line with the findings
of prior analyses addressing the effects of blood pressure-
lowering regimens on mortality and major morbidity in
other patient subgroups, which have shown comparable
effects of the major drug classes in subsets of individuals
defined according to age, sex, and presence or absence of
diabetes [26-28].

The results of these overviews need to be considered in
the context of the trials that could be incorporated. First,
only those trials for which individual patient data or data
stratified by baseline blood pressure had been obtained
by December 2008 were included. As a consequence,
these analyses do not include data from a number of
recent trials, some of which were unable to show signifi-
cant benefits of blood pressure-lowering drugs in patients
with relatively low baseline blood pressure [11-13,29]. It
remains to be seen whether inclusion of these data, when
available, might modify the present conclusions [9,10].
Second, we have separately considered SBP and DBP
values, whereas definition of hypertension is usually
made by considering both types of values. Therefore,
it is possible that a part at least of individuals with SBP of
140 mmHg or less had DBP at least 90 mmHg, and even
more likely that a majority of individuals with DBP less
than 90 mmHg had SBP values at least 140 mmHg (sev-
eral trials included patients with isolated systolic hyper-
tension). However, misclassification is unlikely, due to
the results of the meta-analyses performed. Third, many
of the patients in the trials included in this overview were
treated with blood pressure-lowering regimens at base-
line and the randomized treatments were added to these
background regimens. This has implications for the
interpretation of the overview findings because the base-
line blood pressure levels of the patients are, in most
cases, actually ‘on-treatment’ blood pressure levels.
Accordingly, the patient subgroups defined here include
a mix of patients, with the minority only having a low
baseline blood pressure level without treatment. There-

fore, the conclusions of the present overviews mostly
apply to the effects of additional blood pressure
reductions in patients whose blood pressure had been
reduced to different levels by background therapy and
indicate the proportional benefits of these additional
reductions. It should also be emphasized that no major
trial has specifically been aimed at investigating the
effect of blood pressure lowering in normotensive indi-
viduals, defined by blood pressure levels below the usual
cut-off for hypertension and without receiving blood
pressure-lowering agents. Furthermore, the population
of high-risk individuals included in our meta-analysis
were likely to receive other preventive therapies at base-
line, such as lipid-lowering and antiplatelet agents. This
may have further reduced the cardiovascular benefit of
blood pressure lowering in those with the lowest baseline
systolic or diastolic values [10].

Fourth, these analyses included thousands of major car-
diovascular events and for the primary outcome provided
reasonably precise estimates of the effects of the different
regimens in most of the patient subgroups studied. The
overviews are, nonetheless, subject to several limitations
and need to be interpreted with these in mind. The
conclusions were limited by the small numbers of
patients with blood pressure levels at the extremes of
the distribution. In large part, this reflects the entry
criteria of the contributing trials and as a consequence,
the confidence intervals around the estimates of treat-
ment effect in these subgroups are wide. Fitting baseline
blood pressure as a continuous variable provided some-
what better statistical power to explore the effects of
interventions across the broader range of blood pressure
levels, although uncertainty about possible interactions
between blood pressure level and treatment regimens at
the extremes does persist. It is also possible that differ-
ences in the characteristics of the subgroups of patients
other than baseline blood pressure levels could have
obscured differences in the effects of treatment. This does
not, however, seem especially likely, given the failure of
methodologically comparable prior studies to detect inter-
actions between drug treatment effects and other patient
characteristics such as age, sex, and diabetes.

Finally, the overviews defined only the short-term to
medium-term effects of the regimens studied and cannot
exclude the evolution of differences between the effects
in each baseline blood pressure group in the longer term.
Although it is impossible to absolutely exclude effects of
any of these limitations on the study findings, the con-
stancy of the effect estimates and the broad comparability
of the results across the different analytic methods uti-
lized do provide reassurance about the likely validity of
the primary conclusions drawn.

Accordingly, these overviews suggest that the pro-
portional risk reductions achieved with a given blood
pressure-lowering regimen are similar across the SBP and
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DBP levels usual for most of the population. When
viewed in conjunction with the observational data that
provide clear evidence of a progressive graded association
of blood pressure with risk across the full range of usual
blood pressure levels [2], these results indicate a similar
graded association exists also in patients at high cardio-
vascular risk and provide support for the recommendation
to achieve low blood pressure targets in these patients.
The results of these overviews mostly refer to patients
using background antihypertensive therapy. Randomized
trials in untreated patients with baseline normotensive
blood pressure are needed [30].

Nonetheless, the evidence that blood pressure-lowering
treatments provide proportional reductions in risk that
are largely independent of the starting blood pressure
strengthens the recommendation of some guidelines
[31,32] that selection of patients for treatment should
be done on the basis of the absolute level of cardiovas-
cular risk, and provide new impetus for a greater use of
blood pressure-lowering therapies in high-risk individ-
uals rather than just among individuals with hyperten-
sion. With one half of all blood pressure-related disease
occurring in patients without hypertension [33], there is
enormous potential for this shift in the use of blood
pressure-lowering therapy to positively impact upon
the enormous global burden of disease caused by high
blood pressure and to maximize the efficiency of health-
care in developed and developing countries alike [33,34].
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