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Blood pressure-lowering treatment based on cardiovascular
risk: a meta-analysis of individual patient data
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Summary

Background We aimed to investigate whether the benefits of blood pressure-lowering drugs are proportional to
baseline cardiovascular risk, to establish whether absolute risk could be used to inform treatment decisions for blood
pressure-lowering therapy, as is recommended for lipid-lowering therapy.
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Methods This meta-analysis included individual participant data from trials that randomly assigned patients to either
blood pressure-lowering drugs or placebo, or to more intensive or less intensive blood pressure-lowering regimens.
The primary outcome was total major cardiovascular events, consisting of stroke, heart attack, heart failure, or
cardiovascular death. Participants were separated into four categories of baseline 5-year major cardiovascular risk using
a risk prediction equation developed from the placebo groups of the included trials (<11%, 11-15%, 15-21%, >21%).

Findings 11 trials and 26 randomised groups met the inclusion criteria, and included 67475 individuals, of whom 51917
had available data for the calculation of the risk equations. 4167 (8%) had a cardiovascular event during a median of
4.0 years (IQR 3-4—4-4) of follow-up. The mean estimated baseline levels of 5-year cardiovascular risk for each of the
four risk groups were 6-0% (SD 2-0), 12-1% (1-5), 17-7% (1-7), and 26-8% (5 - 4). In each consecutive higher risk group,
blood pressure-lowering treatment reduced the risk of cardiovascular events relatively by 18% (95% CI 7-27), 15% (4-25),
13% (2-22), and 15% (5-24), respectively (p=0-30 for trend). However, in absolute terms, treating 1000 patients in each
group with blood pressure-lowering treatment for 5 years would prevent 14 (95% CI 8-21), 20 (8-31), 24 (8-40), and 38
(16-61) cardiovascular events, respectively (p=0- 04 for trend).

Interpretation Lowering blood pressure provides similar relative protection at all levels of baseline cardiovascular risk,
but progressively greater absolute risk reductions as baseline risk increases. These results support the use of predicted

baseline cardiovascular disease risk equations to inform blood pressure-lowering treatment decisions.

Funding None.

Introduction

The merits of using an individual’s predicted absolute risk
of cardiovascular disease to inform treatment decisions
for the prevention of cardiovascular disease, rather than
using only the level of one cardiovascular disease risk
factor, have been recognised for decades."* Most countries
and cardiovascular societies now regard this evidence as
sufficient to recommend that lipid-lowering treatment
should be based on patients’ predicted cardiovascular
disease risk rather than LDL cholesterol concentrations.**
Blood pressure-lowering treatment recommendations,
however, are still based mainly on blood pressure levels.”
The American Heart Association and the American
College of Cardiology are the most recent organisations to
switch to cardiovascular disease risk-based cholesterol
treatment guidelines, and a Cholesterol Treatment
Trialists’ (CTT) Collaboration meta-analysis using
individual participant data from statin trials® was
influential in their decision to move away from treatment
thresholds based mainly on LDL cholesterol con-
centrations. That meta-analysis involved retrospectively
calculating a baseline 5-year vascular risk for all
participants, which enabled the investigators to estimate
the relative and absolute benefits of lipid lowering in
different baseline risk categories. The findings clearly

www.thelancet.com Vol 384 August 16, 2014

show that baseline vascular risk is a major determinant of
the absolute benefits of statin treatment (figure 1).

The Blood Pressure Lowering Treatment Trialists’
Collaboration (BPLTTC) has investigated the effects of
blood pressure lowering on cardiovascular events in
major patient subgroups, defined using individual
patient data. The available data now provide a unique
opportunity to compare the effects of blood pressure-
lowering drugs in subgroups of patients at different
levels of baseline absolute risk of cardiovascular events,
in much the same way as has been done for lipid-
lowering therapy in the CTT meta-analysis.”

We postulated that the relative cardiovascular disease
risk reductions achieved with blood pressure-lowering
therapy would be similar across population groups with
different levels of baseline cardiovascular disease risk, and
therefore that the absolute risk reductions would be greater
for subgroups with higher levels of baseline cardiovascular
disease risk. We aimed to test this hypothesis by doing a
meta-analysis of individual patient data.

Methods

Study eligibility

The methods used have been reported previously," and
only the main components are summarised here. In
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Figure 1: Predicted 5-year benefits of LDL cholesterol reductions with statin treatment at different levels of risk
Reprinted from the Cholesterol Treatment Trialists’ (CTT) Collaborators’ meta-analysis,” by permission of Elsevier.
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brief, trials were eligible if they met the original inclusion
criteria specified in the protocol," and were part of the
subset of studies that randomly allocated patients to
either a blood pressure-lowering drug or placebo, or to a
more intensive or less intensive blood pressure regimen.
Trials had to have a minimum of 1000 patient-years of
planned follow-up in each randomised group, and should
not have presented their main results before the protocol
was finalised in July, 1995.

Outcomes

The primary outcome was a composite of total major
cardiovascular events," consisting of stroke (non-fatal
stroke or death from cerebrovascular disease), coronary
heart disease (non-fatal myocardial infarction or death
from coronary heart disease including sudden death),
heart failure (resulting in death or admission to
hospital), or cardiovascular morbidity. Secondary
outcomes were stroke, coronary heart disease, heart
failure, cardiovascular mortality, and total mortality.
Only the first event for an individual was used for the
analysis of each outcome, but an individual who had
more than one outcome type could contribute to
analyses of more than one individual outcome.

Risk stratification

Participants were stratified to different levels of predicted
absolute risk based on covariates and events recorded in
the BPLI'TC dataset. The risk equations were determined
by fitting Weibull models with shared frailty for each trial
simultaneously to the placebo groups of all available

trials that had time-to-event data. The variables included
age, sex, body-mass index, systolic and diastolic blood
pressures, other antihypertensive treatment, current
smoking, diabetes, and history of cardiovascular disease.
Interaction terms for age and sex, age and smoking, age
and diabetes, age and history of cardiovascular disease,
and age and other antihypertensive treatment were also
included. These models were developed to balance the
desire for a good model fit with the availability of risk
factor data. Blood lipids were not included because these
data were absent for most of the trials. Separate equations
were developed for each of the six prespecified outcomes.
We wused data from ten trials that included
14633 individuals (in placebo groups) for whom the
following events were recorded: 1526 total cardiovascular
events, 744 strokes, 367 heart failure events, and
611 coronary heart disease events. Data for cardiovascular
deaths (n=691) and deaths from any cause (n=991) were
available for 14224 people in nine trials. 5-year risks,
rather than 10-year risks, were calculated because 5 years
was closer to the median follow-up of participants.

For each equation we divided the sample into four risk
groups using three cutoff points that separated the
number of cardiovascular disease events into equal
quarters. This step was done to maximise the precision
of the estimated treatment effects for each risk group.

Intervention versus control

Data from four sets of comparisons were included in
these analyses: angiotensin-converting enzyme (ACE)-
inhibitor-based treatment versus placebo; calcium
channel blocker-based treatment versus placebo;
diuretic-based treatment versus placebo; and more
intensive versus less intensive blood pressure-lowering
regimens. To maximise power we combined these four
sets of comparisons for our main analyses. Results of
previous analyses have shown that most of the treatment
effect reported for these comparisons is determined by
the blood pressure reduction achieved with rather little
attributable to drug-specific effects.””® We did not
include studies that compared drug classes because the
differences in blood pressure levels between randomised
groups in those studies were generally small and
differences in protection were more likely to be due to
drug-specific effects.”"

The average achieved blood pressure differences
between randomised groups varied for each risk
subgroup. To control for these differences and to enable
direct comparisons between the effects of blood pressure
lowering in each risk group we did subsidiary analyses in
which we standardised relative risk reductions in each
risk subgroup to a 5 mm Hg systolic blood pressure
reduction. To control for baseline blood pressures, in a
second set of analyses we standardised the risk reductions
to a 5% systolic blood pressure reduction. Hence, these
models estimated the effect of lowering blood pressure
by 5 mm Hg or 5% in each of the four risk groups.
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Patient groups defined by 5-year risk of CVD* Total sample

(n=51917)
<11% risk 11-15% risk 15-21% risk >21% risk
(n=25480) (n=12544) (n=8287) (n=5606)

Baseline characteristics
Female participants 55-4% 40-5% 323% 21.9% 44:5%
Age, years 59-4(67) 67-8 (7:4) 72:0(8:1) 75-1(7-6) 65-1(9-4)
Smoking 10-4% 18-1% 18-8% 24-5% 15:1%
Previous CVD 11:3% 23:2% 40-7% 70-2% 25:4%
Previous BP drug treatment 45-4% 59:0% 68-5% 77-6% 55:9%
Diabetes 29-5% 44-7% 46:9% 59-1% 39-1%
BMI, kg/m? 283 (49) 27:6 (47) 270 (4-5) 26-8 (4-2) 278 (4-8)
Total cholesterol, mM 57 (1.5) 55 (1-4) 54 (13) 52(13) 5:6 (1.5)
HDL cholesterol, mM 1-45 (0-74) 1:35(0-57) 1.33(0-53) 1.27 (0-43) 137 (0-62)
SBP, mm Hg 155 (21) 159 (21) 162 (21) 165 (21) 158 (21)
DBP, mm Hg 94 (14) 90 (13) 89 (12) 88 (12) 92 (13)
Estimated 5-year CVD risk 6-0% (2-0) 12:1% (1-5) 17:7% (1.7) 26-8% (5-4) 11-7% (75)

CVD events during follow-up 1042 (4-1%) 1042 (8-3%) 1042 (12-6%) 1041 (18-6%) 4167 (8-0%)
Stroke 1-8% 3:9% 5-6% 7-6% 3:6%
Coronary heart disease 1-8% 3:4% 4-8% 6-8% 3-2%
Heart failure 0-6% 1:5% 31% 51% 17%
Cardiovascular death 12% 33% 5-9% 10-1% 3-4%
Death 2:6% 6-2% 9-0% 15-8% 5-9%
Observed 5-year CVD risk in placebo groups 6-5% 13-2% 20-6% 24-8% 11:5%

Data are % or mean (SD). CVD=cardiovascular disease. BP=blood pressure. BMI=body-mass index. SBP=systolic blood pressure. DBP=diastolic blood pressure. *Baseline levels
of CVD risk were estimated using a risk equation derived from the Blood Pressure Lowering Treatment Trialists’ Collaboration dataset.

Table: Characteristics of patient groups defined by different baseline levels of cardiovascular risk

Active Control Mean BP difference, Risk difference (95% Cl) Risk ratio (95% Cl)
(n/N) (n/N) mm Hg
5-year risk of CVD
<11%  419/10644 623/14836 4-6/3-0 - -1.41 (-2:05t0 0.77) —— 0-82 (0-73t00-93)
11-15%  443/5679  599/6865  6.0/3:2 —l— | -195(-3-09t00-82) —l— | 085(0:75t00:96)
15-21%  467/3944  575/4343  71/3:2 —l—— | -241(-404t0077) —l—| 087(078t0098)
>21%  472/2760  569/2846 59/30 ——— -3.84(-6:06 10 1-61) —— | 085(0:76t00-95)
p(het)=0-004, p(trend)=0-04 p(het)=0-93, p(trend)=0-30
TR 553 5 1 »
+— —> +— —>
Favours active treatment Favours control Favours active treatment Favours control

Figure 2: Effects of blood pressure reduction on absolute and proportional risks of cardiovascular disease for patient groups defined by different baseline levels

of cardiovascular risk

Total sample, n=51917. n/N is the number of cases/number at risk. BP difference is the difference between active and control groups in treatment-induced reduction
in systolic/diastolic blood pressures. BP=blood pressure. CVD=cardiovascular disease. het=heterogeneity.

Statistical analyses
We investigated calibration for all equations by plotting
observed 5-year risks against expected 5-year risks for all
equations. For each risk group in each trial, the achieved
blood pressure lowering was calculated as the difference
in mean blood pressure change from baseline to
12 months between the randomised treatment groups.
Overall blood pressure reduction within risk groups was
then obtained by combining these data across trials using
inverse variance weighted fixed-effects meta-analysis.
Standard inverse variance-weighted meta-analysis was
used to estimate crude summary risk ratios for each risk
group across the included studies. We also estimated
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risk differences and numbers needed to treat
using the recommended" approach of applying the
pooled risk ratios to the mean absolute 5-year
risk levels in each patient group, with symmetrical
95% Cls for the risk differences calculated as
(p1-p2) £1-96 ((plx (1-p1) /nl) + (p2x (1-p2) / n2)),
with pl being treated 5-year risks and p2 control 5-year
risks with nl the number of treated patients and n2 the
number of controls. Summary estimates standardised to
a 5 mm Hg or 5% reduction in systolic blood pressure
were derived from risk ratios, achieved systolic blood
pressure lowering, and baseline systolic blood pressures
using established methods.®® We also estimated
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Active Control Mean BP difference, Risk difference (95% Cl) Risk ratio (95% Cl)
(n/N) (n/N) mm Hg

5-year risk of stroke

<4:0%  175/10493 286/14743 4-4/3-0 - -1-06(-1-53t0 0-60) —a— 0-75 (0-62t0 0-91)

4.0-5-4% 196/5608  266/6648 6-1/3-1 —— -1.05 (-1-87t0 0-23) —— 0-83 (0-69 to 0-99)

5-4-7-2% 205/4145  257/4529  7-5/35 —— -1-49(-2:67t0 0:32) —— 0-84(0-70t0 1.00)

>7-2% 206/2781 255/2970 6-1/2:6 —— -1.78 (-3:35t0 0-22) —— 0-84(0-71to0 1-00)
p(het)=0-47-p(trend)=0-06 p(het)=0-80-p(trend)=0-17

5-year risk of CHD

<5% 164/10373  251/14382 50/3-1 B -0-47 (-0-90 to 0-05) R 0-85 (0-70t0 1.04)

5-7% 183/5646  232/6950  5.5/3-2 —— -0-28(-1-03to 0-47) —— 0-94 (078 to 1-15)

7-11%  182/4187  233/4630 63/2:8 — . -114 (-2-20t0 0-07) e 0-85 (0-70t0 1.03)

>11%  189/2870  225/2997  6.2/2:9 — -157 (-3-19t0 0-04) —a— 0-87 (072 t0 1.04)
p(het)=0-07-p(trend)=0-10 p(het)=0-87-p(trend)=0-88

5-year risk of heart failure

<2.6%  102/14560 119/20070 4-8/31 -0-12 (-0-36t0 0-11) —— B ———  091(070t0118)

2:6-4.5% 104/4503  118/4839  6.7/3-0 —:— -0-26 (-0-99 t0 0-47) ——B—+—— 093(071to121)

4.5-7.0% 101/2362  120/2376  7:2/2:9 s -1.04(-2:52to 0-44) —— 087 (0-67t0112)

>7-0% 90/1651  131/1674 63/2.8 ————— -3.28(-5-30t0 1.25) — 0-72 (0-55t0 0-93)
p(het)<0-001-p(trend)=0-09 p(het)=0-51-p(trend)=0-15

5-year risk of cardiovascular death

<5% 190/12870 274/17732 4-6/3-0 E1 -0-30 (-0-64 to 0-05) . 0-88(0:73t01:06)

5-8%  203/4967 261/5788  5.9/3.0 ] -0.78(-1.67t0 0-11) R 0-88(0-73 to 1.05)

8-13%  212/2985  252/3138  7:4/33 —— -1-68(-3:32t0 0-05) —a— 0-87 (0-73t0 1-04)

>13% 220/2254 243/2301 8-4/3-4 —a— -1.20(-3-36 t0 0-96) —— 0-93(0-78t0 1:10)
p(het)<0-001-p(trend)=0-21 p(het)=0-95-p(trend)=0-36

5-year risk of death

<6% 318/11659 446/16314 47/31 - -0-32 (-0-81t0 0-17) —— 0-93 (0-81t0 1-07)

6-10%  340/4875  424/5680 57/31 —— -0-72 (-1.79t0 0-36) —— 0-92 (0-80t0 1-06)

10-16% 343/3001 421/3435  6:5/31 —a— -116(-2-81t0 0:49) —— 0-92 (0-80to0 1-05)

>16% 379/1611  384/1623  7-3/30 L -0-71(-3-49t0 2.07 —— 0-97 (0-85t01-09)
p(het)=0-38-p(trend)=0-39 p(het)=0-94-p(trend)=0-45

R S S 4 5
“+— —> “+— —>
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Figure 3: Effects of blood pressure reduction on absolute and proportional risks of coronary heart disease, stroke, heart failure, cardiovascular mortality, and all-cause mortality for patient
groups defined by different baseline levels of risk of those outcomes
Sample for coronary heart disease, heart failure, and cardiovascular death analyses, n=52 035; for stroke, n=51917; and for death, n=48 198. n/N is the number of cases/number at risk. BP difference is
the difference between active and control groups in treatment-induced reduction in systolic/diastolic blood pressures. CHD=coronary heart disease. CVD=cardiovascular disease. het=heterogeneity.

See Online for appendix
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number of avoidable cardiovascular events by treating
1000 patients for 5 years in each of the four risk groups
by four levels of systolic and diastolic blood pressure
reduction, by combining meta-regression-obtained
relative risk reductions per mm Hg blood pressure
lowering with observed 5-year risks in placebo groups.

We used fixed-effects models as our primary means of
analysis, such that very small subgroups of trials were
not given undue weight, and we fitted random effects
models as sensitivity analyses. In secondary analyses,
we also investigated active drug versus placebo studies
separately from more versus less blood pressure
reduction studies, and a subsample of people with
baseline systolic blood pressure of at least 140 mm Hg
or diastolic blood pressure of at least 90 mm Hg. We
used Stata version 13 for all analyses.

Role of the funding source

This study received no funding. All authors had full
access to all the data in the study and the corresponding
author had final responsibility for the decision to submit
for publication.

Results
11 trials and 26 randomised groups met the inclusion
criteria (some trials were factorial or included more than

two groups), and included 67475 individuals (appendix).”*°
Data for the calculation of the risk equations were available
for 51917 patients. The mean estimated baseline absolute
5-year risk of cardiovascular disease events in this sample
was 11-7% (7-5), with the four risk groups defined as having
estimated 5-year cardiovascular disease risks of less than
11%, 11-15%, 15-21%, and >21%. Characteristics of patients
in each of these risk strata are shown in the table. The mean
blood pressure difference between active and control groups
was 5-4(95% CI 5-2-5-7)/3-1(3-0-3-2) mm Hg. Duringa
median follow-up of 4-0 years (IQR 3-4—4-4), 4167 (8-0%)
participants developed cardiovascular disease (table).
Assessment of the performance of the risk equations is
shown in the appendix.

Pharmacological blood pressure reduction produced
significant relative risk reductions of cardiovascular
disease that were similar across all four risk groups
(figure 2; p=0-30 for trend). The magnitude of the
absolute risk reduction, as a result, increased in a linear
fashion from the lowest risk group to the highest risk
group (figure 2; p=0-04 for trend). Giving 1000 patients
in each group blood pressure-lowering treatment for
5 years would prevent 14 (95% CI 8-21), 20 (8-31), 24
(8—40), and 38 (16-61) cardiovascular events, respectively.
Put another way, the number needed to treat for 5 years
to avoid one cardiovascular event decreased with
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increasing baseline risk, from 71 (95% CI 49-130) in the
lowest risk group, to 51 (32-122) and 41 (25-130) in the
second and third risk groups, and down to 26 (17-62) in
the highest risk group.

Effect estimates were much less precise for cause-
specific vascular outcomes and mortality, but a broadly
similar pattern was noted for stroke, coronary heart
disease, heart failure, and cardiovascular death (figure 3).
For all-cause mortality, absolute risk reductions did not
clearly increase with higher baseline risk (figure 3).

Baseline systolic blood pressure was higher, and
diastolic blood pressure was lower, in patient groups with
a higher baseline level of risk, as expected in view of the
increasing mean age with increasing baseline risk (table).
The achieved reductions in blood pressure tended to be
greater in those with higher baseline systolic blood
pressure, although we noted no clear pattern for diastolic
blood pressure (figures 2, 3). The pattern of similar
relative risk reductions across risk groups but increasing
absolute risk reductions with increasing levels of baseline
risk, except for mortality, remained in the analyses when
standardised to either a 5 mm Hg systolic blood pressure
reduction or a 5% systolic blood pressure reduction
(appendix). The estimated number of avoidable events
increased with increasing blood pressure reduction and
higher baseline risk (figure 4).

We noted similar findings in random effects models,
and the subsample with baseline systolic blood pressure
of at least 140 mm Hg or diastolic blood pressure of at
least 90 mm Hg (data not shown). Results of analyses
restricted to the trials comparing an active drug to
placebo were similar, although analyses based only on
the trials that compared more versus less intensive
blood pressure-lowering regimens were uninformative
because of the small numbers of outcomes recorded
(data not shown).

Discussion

In this meta-analysis of more than 50000 patients,
pharmacological blood pressure lowering produced
relative reductions in cardiovascular risk that were similar
across patient groups with markedly varying levels of
baseline estimated cardiovascular risk, while delivering
progressively greater absolute risk reductions at higher
levels of baseline risk. This same pattern was apparent in
a range of subsidiary analyses done on the primary
composite cardiovascular outcome after adjusting for
differences in baseline and achieved blood pressure levels
between the risk groups studied. These findings for blood
pressure-lowering treatment are consistent with a similar
study of lipid-lowering treatment® that has already
influenced national lipid-lowering treatment guidelines
in the USA and the UK**

This analysis objectively shows the effects of blood
pressure lowering on proportional and absolute
cardiovascular risks in a large dataset stratified by
baseline cardiovascular risk.”* Three aspects of the
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Figure 4: Avoidable events by baseline risk and extent of blood pressure lowering

(A) Systolic blood pressure reduction. (B) Diastolic blood pressure reduction. CVD=cardiovascular disease.

epidemiology of blood pressure and blood pressure
lowering presage our findings. First, a continuous
positive log-linear association exists between blood
pressure and vascular risk as shown in several large
observational studies.” Second, benefits of drugs that
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lower blood pressure in both hypertensive and non-
hypertensive patient groups have been reported in a
series of large-scale randomised trials.” And third, the
absolute benefits of blood pressure lowering have been
shown to be greatest in the presence of other vascular
risks such as dyslipidaemia, increasing age, diabetes,
and male sex.*

Risk-based treatment has been a cornerstone of lipid
management for a decade**** and is recommended in
several other clinical settings.”* A previous movement
towards blood pressure-lowering treatment on the basis
of absolute risk in some prevention guidelines®*# has
come to a halt,** and risk-based approaches to blood
pressure management do not seem to be widely used. In
part at least, this reluctance to use absolute risk as a basis
for decision making might be a result of the absence of
direct evidence of effectiveness, which this study should
go some way towards addressing. Risk-based blood
pressure treatment decisions also have much to
recommend them in terms of cost-effectiveness.”*

Strengths of this analysis are the inclusion of a large
group of patients with individual-level risk data, and
more than 4000 major cardiovascular events, which
provided reasonably precise estimates of the effects on
the primary outcome for each risk group. The use of
data from many studies with different inclusion criteria
should make the findings more generalisable* and the
robustness of the main conclusions to subsidiary
methods of analysis further supports the conclusions
drawn. The study is, however, limited by the fact that
most included patients were hypertensive at baseline,
although other trials”” and overviews® have provided
direct evidence about the benefits of treating high-risk
non-hypertensive patients in some settings. Although
the numbers of vascular events recorded was reasonably
large, the estimates of effect are nonetheless imprecise
for most cause-specific outcomes. The study also
focuses only on the major benefits and major harms of
treatment that might affect measures of cardiovascular
events and mortality. Clearly, other less substantive but
nonetheless important treatment benefits and risks will
also affect treatment decisions. The study is also limited
by the relatively short duration of the included studies
and we used 5-year absolute risk as the basis of the
primary estimates. Most risk prediction equations in
clinical use tend to focus on 10-year risks despite the
shortage of of any trial data with this length of follow-
up. We did not have access to all baseline variables
required for common risk equations, and because data
were generally missing for a whole study at a time we
chose not to make imputations. Instead, to
accommodate the absence of this information and to
maximise the usefulness of the available dataset we
developed our own risk equation using variables
available for most studies. Finally, the primary analyses
were based on a composite outcome, which could have
produced biased results if the proportion of event types

varied between risk groups. Reassuringly, the ratios of
event types were broadly similar across the risk groups.
In conclusion, this meta-analysis showed that treatment
with blood pressure-lowering drugs resulted in similar
relative risk reductions irrespective of the baseline level of
absolute risk, hence greater absolute risk reduction with
higher baseline absolute risk. This finding provides
support for the notion that blood pressure-lowering
treatment should target those at greatest cardiovascular
risk, not just those with the highest blood pressure levels.
A risk-based approach is likely to be more cost effective
than a blood pressure-based approach, and could
simultaneously reduce the numbers of patients needing
treatment, and control drug costs, while increasing the
numbers of averted strokes and heart attacks.”*

Contributors

JS, RJ, BN, and MW were responsible for the study design. JS did the
statistical analysis and created the figures. JS, HA, CB, JE, R], KK, DL-J,
SM, BN, AP, VP, KR, FT, and MW interpreted the data. JS, RJ, and BN
wrote the report. MW gave statistical advice. HA was responsible for data
management. HA, CB, JE, KK, DL-J, SM, AP, VP, KR, FT, and MW were
responsible for the critical revision of the manuscript for important
intellectual content. KR and FT were responsible for project management.
]S is the guarantor of the manuscript, and affirms that the manuscript is
an honest, accurate, and transparent account of the study being reported;
that no important aspects of the study have been omitted; and that any
discrepancies from the study as planned have been explained.

The Blood Pressure Lowering Treatment Trialists’ Collaboration

Writing committee—Johan Sundstrom (Uppsala University, Uppsala,
Sweden; and The George Institute for Global Health, University of
Sydney, Sydney, NSW, Australia), Hisatomi Arima (The George Institute
for Global Health), Prof Mark Woodward (The George Institute for Global
Health; and University of Oxford, Oxford, UK), Prof Rod Jackson (School
of Population Health, University of Auckland, Auckland, New Zealand),
Kunal Karmali (Feinberg School of Medicine, Northwestern University,
Chicago, IL, USA), Prof Donald Lloyd-Jones (Feinberg School of
Medicine), Prof Colin Baigent (University of Oxford), Jonathan Emberson
(University of Oxford), Kazem Rahimi (The George Institute for Global
Health), Prof Stephen MacMahon (The George Institute for Global
Health), Prof Anushka Patel (The George Institute for Global Health),
Prof Vlado Perkovic (The George Institute for Global Health), Fiona
Turnbull (The George Institute for Global Health), Prof Bruce Neal (The
George Institute for Global Health; and Imperial College London,
London, UK). Collaborating Trialists—L Agodoa (AASK), R Estacio
(ABCD), R Schrier (ABCD), ] Lubsen (ACTION), ] Chalmers
(ADVANCE), ] Cutler (ALLHAT), B Davis (ALLHAT), L Wing (ANBP2),
N R Poulter (ASCOT), P Sever (ASCOT), G Remuzzi (BENEDICT), P
Ruggenenti (BENEDICT), S Nissen (CAMELOT), L H Lindholm (CAPPP,
STOP2, NORDIL), T Fukui (CASE-]), T Ogihara (CASE-]), T Saruta
(CASE-]), H Black (CONVINCE), P Sleight (CONVINCE, HOPE,
TRANSCEND, ONTARGET), M Lievre (DIAB-HYCAR), H Suzuki
(ECOST), K Fox (EUROPA), L Lisheng (FEVER), T Ohkubo (HOMED
BP), Y Imai (HOMED-BP), S Yusuf (HOPE, ONTARGET, TRANSCEND),
C ] Bulpitt (HYVET), E Lewis (IDNT), M Brown (INSIGHT), C Palmer
(INSIGHT), ] Wang (INTEROUT, NICOLE), C Pepine (INVEST), M Ishii
(JATOS, JMIC-B), Y Yui (JMIC-B), K Kuramoto (NICS-EH), M Pfeffer
(PEACE), F W Asselbergs (PREVEND-IT, Renal analyses), W H van Gilst
(PREVEND-IT/Renal analyses), B Byington (PREVENT), B Pitt (QUIET),
B Brenner (RENAAL), W ] Remme (Renal analyses), D de Zeeuw (Renal
trials), M Rahman (Renal trials), G Viberti (ROADMAP), K Teo (SCAT),
A Zanchetti (SCOPE, VHAS, ELSA), E Malacco (SHELL), G Mancia
(SHELL), J Staessen (SYST-EUR), R Fagard (SYST-EUR), R Holman
(UKPDS). Other members— L Hansson (deceased), ] Kostis, Y Kanno,

S Lueders, M Matsuzaki, P Poole-Wilson (deceased), ] Schrader.
Secretariat—K Rahimi (Coordinator), C Anderson, ] Chalmers,

N Chapman, R Collins, S MacMahon, B Neal, A Rodgers, P Whelton,

M Woodward, S Yusuf.

www.thelancet.com Vol 384 August 16, 2014



Articles

Declaration of interests

JS is an advisory board member for Itrim. MW is on a trial advisory
committee for Novartis. AP has received drugs for clinical trials and
grant funding from Dr Reddy’s Laboratories. VP has received honoraria
for meeting presentations and/or advisory board participation AbbVie,
AstraZeneca, Baxter, Boehringer Ingelheim, Servier, and Vitae, and his
employer has received trial funding from Abbvie, Baxter, Janssen,
Novartis, Roche, and Servier. BN is on trial steering committees for
Janssen, Dr Reddy’s Laboratories, and Servier; his institution has
received grant funding from Abbvie, Janssen, Novartis, Dr Reddy’s
Laboratories, Roche, and Servier; and he has received honoraria for
meeting presentations from Abbott, AstraZeneca, Novartis, Pfizer,
Roche, and Servier. All other authors declare no competing interests.

Acknowledgments

JS was funded by the Swedish Heart-Lung Foundation (grant 20041151)
and the Swedish Research Council (grants 2007-5942 and 2010-1078).

JS also received grants from Kjell och Mirta Beijers Stiftelse, Nystroms
Amerikastipendium, and Bergholmska fonden. VP has received grants
from Heart Foundation of Australia. BN is supported by an Australian
Research Council (ARC) Future Fellowship and a National Health and
Medical Research Council of Australia (NHMRC) Senior Research
Fellowship. HA is supported by an ARC Fellowship. CB is supported by
the Medical Research Council, UK. MW, VP, FT, SM, and BN received
grants from NHMRC. The researchers were independent of the funders,
which had no role in the study.

References

1  Jackson R, Lawes CM, Bennett DA, Milne R], Rodgers A. Treatment
with drugs to lower blood pressure and blood cholesterol based on
an individual's absolute cardiovascular risk. Lancet 2005; 365: 434—41.

2 Jackson R, Barham P, Bills ], et al. Management of raised blood pressure
in New Zealand: a discussion document. BMJ 1993; 307: 107-10.

3 Stone NJ, Robinson J, Lichtenstein AH, et al. 2013 ACC/AHA
guideline on the treatment of blood cholesterol to reduce
atherosclerotic cardiovascular risk in adults: a report of the
American College Of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation 2014; 129 (suppl 2): S1-45.

4 Cooper A, O’Flynn N, for the Guideline Development Group. Risk
assessment and lipid modification for primary and secondary
prevention of cardiovascular disease: summary of NICE guidance.
BM] 2008; 336: 1246-48.

5  Perk], De Backer G, Gohlke H, et al. European Guidelines on
cardiovascular disease prevention in clinical practice (version 2012).
The Fifth Joint Task Force of the European Society of Cardiology
and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of nine societies
and by invited experts). Developed with the special contribution of
the European Association For Cardiovascular Prevention &
Rehabilitation (EACPR). Eur Heart ] 2012; 33: 1635-701.

6  Tonkin A, Barter P, Best J, et al, for the National Heart Foundation
of Australia and Cardiac Society of Australia and New Zealand.
Position statement on lipid management—2005. Heart Lung Circ
2005; 14: 275-91.

7 Krause T, Lovibond K, Caulfield M, McCormack T, Williams B.
Management of hypertension: summary of NICE guidance. BM]
2011; 343: d4891.

8  James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline
for the management of high blood pressure in adults: report from
the panel members appointed to the Eighth Joint National
Committee (JNC 8). JAMA 2014; 311: 507-20.

9  Hackam DG, Quinn RR, Ravani P, et al, for the Canadian
Hypertension Education Program. The 2013 Canadian
Hypertension Education Program recommendations for blood
pressure measurement, diagnosis, assessment of risk, prevention,
and treatment of hypertension. Can ] Cardiol 2013; 29: 528-42.

10 Cholesterol Treatment Trialists’ (CTT) Collaborators. The effects
of lowering LDL cholesterol with statin therapy in people at low
risk of vascular disease: meta-analysis of individual data from
27 randomised trials. Lancet 2012; 380: 581-90.

11  World Health Organization—International Society Of Hypertension
Blood Pressure Lowering Treatment Trialists’ Collaboration. Protocol
for prospective collaborative overviews of major randomized trials of
blood-pressure-lowering treatments. ] Hypertens 1998; 16: 127-37.

www.thelancet.com Vol 384 August 16, 2014

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Blood Pressure Lowering Treatment Trialists Collaboration,
Turnbull F, Neal B, et al. Blood pressure-dependent and
independent effects of agents that inhibit the renin-angiotensin
system. | Hypertens 2007; 25: 951-58.

Blood Pressure Lowering Treatment Trialists Collaboration. Effects
of different blood-pressure-lowering regimens on major
cardiovascular events: results of prospectively-designed overviews of
randomised trials. Lancet 2003; 362: 1527-35.

The Cochrane Collaboration. Cochrane handbook for systematic
reviews of interventions. Oxford/London, UK: The Cochrane
Collaboration, 2011.

Law MR, Morris JK, Wald NJ. Use of blood pressure lowering
drugs in the prevention of cardiovascular disease: meta-analysis of
147 randomised trials in the context of expectations from
prospective epidemiological studies. BM] 2009; 338: b1665.
ADVANCE Collaborative Group. Effects of a fixed combination of
perindopril and indapamide on macrovascular and microvascular
outcomes in patients with type 2 diabetes mellitus (the ADVANCE
trial): a randomised controlled trial. Lancet 2007; 370: 829-40.
Ruggenenti P, Fassi A, Ilieva AP, et al, for the Bergamo Nephrologic
Diabetes Complications Trial (BENEDICT) Investigators. Preventing
microalbuminuria in type 2 diabetes. N Engl ] Med 2004; 351: 1941-51.
Marre M, Lievre M, Chatellier G, Mann JF, Passa P, Menard J, for the
DIABHYCAR Study Investigators. Effects of low dose ramipril on
cardiovascular and renal outcomes in patients with type 2 diabetes
and raised excretion of urinary albumin: randomised, double blind,
placebo controlled trial (the DIABHYCAR study). BM] 2004; 328: 495.
European Trial on Reduction of Cardiac Events with Perindopril in
Stable Coronary Artery Disease Investigators. Efficacy of perindopril
in reduction of cardiovascular events among patients with stable
coronary artery disease: randomised, double-blind, placebo-controlled,
multicentre trial (the EUROPA study). Lancet 2003; 362: 782-88.
MacMahon S, Sharpe N, Gamble G, et al, for the PART-2
Collaborative Research Group. Randomised, placebo-controlled trial
of the angiotensin converting enzyme inhibitor, ramipril, in
patients with coronary or other occlusive vascular disease.

J Am Coll Cardiol 2000; 36: 438—43.

Asselbergs FW, Diercks GF, Hillege HL, et al, for the Prevention of
Renal and Vascular Endstage Disease Intervention Trial (PREVEND
IT) Investigators. Effects of fosinopril and pravastatin on
cardiovascular events in subjects with microalbuminuria.
Circulation 2004; 110: 2809-16.

PROGRESS Collaborative Group. Randomised trial of a perindopril-
based blood-pressure-lowering regimen among 6105 individuals with
previous stroke or transient ischaemic attack. Lancet 2001; 358: 1033-41.
Teo K, Burton J, Buller C, et al, for the SCAT Investigators. Long-term
effects of cholesterol lowering and angiotensin-converting enzyme
inhibition on coronary atherosclerosis. The Simvastatin/enalapril
Coronary Atherosclerosis Trial (SCAT). Circulation 2000; 102: 1748-54.
Pitt B, Byington R, Furberg C, et al, for the PREVENT Investigators.
Effect of amlodipine on the progression of atherosclerosis and the
occurrence of clinical events. Circulation 2000; 102: 1503-10.
Staessen |, Fagard R, Thijs L, et al, for the SYST-EUR Study Group.
Randomised double-blind comparison of placebo and active
treatment for older patients with isolated systolic hypertension in
Europe. Lancet 1997; 350: 757-64.

Beckett NS, Peters R, Fletcher AE, et al, for the HYVET Study
Group. Treatment of hypertension in patients 80 years of age or
older. N Engl | Med 2008; 358: 1887-98.

Estacio R, Jeffers B, Hiatt W, Biggerstaff S, Gifford N, Schrier R.
The effect of nisoldipine as compared with enalapril on
cardiovascular outcomes in patients with non-insulin dependant
diabetes and hypertension. N Engl | Med 1998; 338: 645-52.

Schrier R, Estacio R, Esler A, Mehler P. Effects of aggressive blood
pressure control in normotensive type 2 diabetic patients on
albuminuria, retinopathy and strokes. Kidney Int 2002; 61: 108697,
Hansson L, Zanchetti A, Carruthers SG, et al, for the HOT Study
Group. Effects of intensive blood-pressure lowering and low-dose
aspirin in patients with hypertension: principal results of the
Hypertension Optimal Treatment (HOT) randomised trial. Lancet
1998; 351: 1755-62.

UK Prospective Diabetes Study Group. Tight blood pressure control
and risk of macrovascular and microvascular complications in type
2 diabetes: UKPDS 38. BMJ 1998; 317: 703-13.

597



Articles

598

31

32

33

34

35

36

37

38

39

MacMahon S, Rodgers A. The effects of blood pressure reduction in
older patients: an overview of five randomized controlled trials in
elderly hypertensives. Clin Exp Hypertens 1993; 15: 967-78.

Reboldi G, Angeli F, de Simone G, Staessen JA, Verdecchia P,
Cardio-Sis I. Tight versus standard blood pressure control in
patients with hypertension with and without cardiovascular disease.
Hypertension 2014; 63: 475-82.

Prospective Studies Collaboration. Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individual
data for one million adults in 61 prospective studies. Lancet 2002;
360: 1903-13.

Jackson R. Updated New Zealand cardiovascular disease risk-
benefit prediction guide. BMJ 2000; 320: 709-10.

De Backer G, Ambrosioni E, Borch-Johnsen K, et al. European
Guidelines on cardiovascular disease prevention in clinical practice.
Third Joint Task Force of European and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice. Eur Heart |
2003; 24: 1601-10.

National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). Third report of the National
Cholesterol Education Program (NCEP) Expert Panel On Detection,
Evaluation, And Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III) final report. Circulation 2002;

106: 3143-21.

Rothwell PM, Warlow CP, for the European Carotid Surgery
Trialists’ Collaborative Group. Prediction of benefit from carotid
endarterectomy in individual patients: a risk-modelling study.
Lancet 1999; 353: 2105-10.

Kent DM, Hayward RA, Griffith JL, et al. An independently derived
and validated predictive model for selecting patients with
myocardial infarction who are likely to benefit from tissue
plasminogen activator compared with streptokinase. Am | Med
2002; 113: 104-11.

Califf RM, Woodlief LH, Harrell FE Jr, et al. Selection of
thrombolytic therapy for individual patients: development of a
clinical model. Gusto-I Investigators. Am Heart ] 1997; 133: 630-39.

41

4

43

45

47

Graham I, Atar D, Borch-Johnsen K, et al. European Guidelines on
cardiovascular disease prevention in clinical practice: executive
summary: Fourth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice (constituted by representatives of
nine societies and by invited experts). Eur Heart ] 2007;

28: 2375-414.

Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. The sixth report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Arch Intern Med 1997;

157: 2413-46.

Eddy DM, Adler ], Patterson B, Lucas D, Smith KA, Morris M.
Individualised guidelines: the potential for increasing quality and
reducing costs. Ann Intern Med 2011; 154: 627-34.

Cobiac L], Magnus A, Barendregt JJ, Carter R, Vos T. Improving the
cost-effectiveness of cardiovascular disease prevention in Australia:
a modelling study. BMC Public Health 2012; 12: 398.

Gaziano TA, Steyn K, Cohen D], Weinstein MC, Opie LH.
Cost-effectiveness analysis of hypertension guidelines in South
Africa: absolute risk versus blood pressure level. Circulation 2005;
112: 3569-76.

Montgomery AA, Fahey T, Ben-Shlomo Y, Harding J. The influence
of absolute cardiovascular risk, patient utilities, and costs on the
decision to treat hypertension: a markov decision analysis.

J Hypertens 2003; 21: 1753-59.

Dorresteijn JA, Visseren FL, Ridker PM, et al. Estimating treatment
effects for individual patients based on the results of randomised
clinical trials. BMJ 2011; 343: d5888.

Heart Outcomes Prevention Evaluation (HOPE) Study
Investigators. Effects of ramipril on cardiovascular and
microvascular outcomes in people with diabetes mellitus: results of
the HOPE study and MICRO-HOPE substudy. Lancet 2000;
355:253-59.

www.thelancet.com Vol 384 August 16, 2014



	Blood pressure-lowering treatment based on cardiovascular risk: a meta-analysis of individual patient data
	Introduction
	Methods
	Study eligibility
	Outcomes
	Risk stratification
	Intervention versus control
	Statistical analyses
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


