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ABSTRACT

Objective Toquantify the relative risk reductions achieved

withdifferent regimens to lower bloodpressure in younger

and older adults.

DesignMeta-analyses and meta-regression analyses

used to compare the effects on the primary outcome

between two age groups (<65 v ≥65 years). Evidence for an
interaction between age and the effects of treatment

sought by fitting age as a continuous variable and

estimating overall effects across trials.

Main outcome measures Primary outcome: total major

cardiovascular events.

Results 31 trials, with 190 606 participants, were

included. The meta-analyses showed no clear difference

between age groups in the effects of lowering blood

pressure or any difference between the effects of the drug

classes on major cardiovascular events (all P≥0.24).
Neither was there any significant interaction between age

and treatment when age was fitted as a continuous

variable (all P>0.09). The meta-regressions also showed

nodifference in effects between the twoagegroups for the

outcome of major cardiovascular events (<65 v ≥65;
P=0.38).
Conclusions Reduction of blood pressure produces

benefits in younger (<65 years) and older (≥65 years)

adults, with no strong evidence that protection against

major vascular events afforded by different drug classes

varies substantially with age.

INTRODUCTION

Observational studies have shown that blood pressure
levels are strongly and directly related to the relative
risks of stroke andheart disease1 but that the strength of
the association declines with increasing age.2 A recent
large overview found that for each 20 mm Hg lower
usual systolic bloodpressure, the riskof strokewas 33%
lower in those aged 80-89 but 62% lower in those aged
50-59.3 While many trials with broad entry criteria for
age have investigated the effects of lowering blood
pressure on major vascular events, consistently larger
reductions in relative risk have not been reported for
younger participants. Likewise, there is a paucity of
evidence about the effects of different drug classes in
older compared with younger patients. The Blood
Pressure Lowering Treatment Trialists’ Collaboration
wasestablished toperformaseriesofoverviewsof trials
investigating the effects of drugs to lower blood
pressure on cardiovascular mortality and morbidity.
We compared the proportionate risk reductions

achieved with different classes of drugs in younger
and older adults.

METHODS

Trials included—Trials were eligible for inclusion if they
randomised patients between a drug to lower blood
pressure and control (placebo or less intensive blood
pressure treatment) or randomised patients between
regimens based on different classes of drug to lower
blood pressure. We included in our analyses trials for
which data had been obtained by September 2006.
Age groups—The age groups were <65 and ≥65 years

at the time of entry into the trial, henceforth referred to
as “younger” and “older” adults.
Outcomes—Our primary outcome was total major

cardiovascular events, comprising stroke (non-fatal
stroke or death from cerebrovascular disease), cor-
onary heart disease (non-fatal myocardial infarction or
death from coronary heart disease including sudden
death), and heart failure (causing death or resulting in
admission to hospital). Secondary outcomes were
stroke, coronary heart disease, heart failure, cardio-
vascular death, and total mortality.
Comparisons—The seven comparisons of treatment

were: (a) angiotensin converting enzyme inhibitor
versus placebo, (b) calcium antagonist versus placebo,
(c) more intensive versus less intensive regimens to
lower blood pressure, (d) angiotensin receptor blocker
versus control regimen, (e) angiotensin converting
enzyme inhibitor versus diuretics/β blockers, (f )
calcium antagonist versus diuretics/β blockers, and
(g) angiotensin converting enzyme inhibitor versus
calcium antagonists. Additional comparisons examin-
ing the separate effects of diuretics and β blockers in
different age groups were (a) angiotensin converting
enzyme inhibitor or calcium antagonist versus β
blockers and (b) angiotensin converting enzyme
inhibitor or calcium antagonist versus diuretics.
Statistical analyses—We calculated the reduction in

bloodpressure in each trial armand themeandifference
in blood pressure between randomised groups. We
performed three sets of analyses to explore the impact of
age on the proportional risk reduction achieved with
lowering blood pressure. Firstly, we carried out meta-
analyses of subgroups of participants defined according
to age for each trial and eachoutcome and estimated the
relative risk and its variance separately for each of the
two age groups according to the principle of intention to
treat. Secondly, we investigated interactions between
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treatment to lower blood pressure and age taken as a
continuous variable by fitting regressionmodels includ-
ing treatment, continuous age, and their interaction.
Thirdly, we carried out meta-regression analyses to
explore the association between the difference in
systolic blood pressure at follow-up between rando-
mised groups and the log relative risk for cardiovascular
events in each age group.

RESULTS

Characteristics of trials and patients included

Of the 37 eligible trials,w1-w38 we included 31 (190 606
individuals) in these analyses (see tableAonbmj.com).
For the six remaining trialsw33-w38 we could not extract
data according to criteria specified in the original study
protocol.4 Therewere 96 466 individuals aged<65 and
94 140 aged ≥65 at baseline who contributed to the
primary analyses. Themean age in the two groups was
57 and72 and theproportionofmenwas 58%and51%,
respectively.Mean baseline blood pressure was higher
in the older age groups, as was the proportion of
primary outcome events that comprised stroke.

Meta-analyses of effects of treatments in different age

groups

For the primary outcome, total major cardiovascular
events, in the trials that examined blood pressure
lowering regimens compared with placebo or less
active control, there was no evidence of any difference
in reductions in relative risk in different age groups (all
P>0.2 for heterogeneity). Likewise, in the overviews of
trials comparing blood pressure lowering regimens
based on different drug classes there was no difference
in the proportional reductions in total major cardio-
vascular events observed between age groups for any
comparison (all P>0.3 for heterogeneity). While there
was some variation in the reductions in blood pressure
with the randomised treatments between age groups,
there was no systematic pattern. Among the 35
comparisons between age groups made for the
secondary outcomes there were two with P≤0.05, and
these are likely to have arisen by chance.
We used data from eight trialsw1 w5 w6 w10 w27-w29 w31 in

subsidiary analyses to examine the separate effects of
regimens based on β blockers and on diuretics
compared with other drug classes according to
patients’ age. In these analyses, there was no evidence
of a difference in the proportional risk reduction for
major cardiovascular events between younger and
older adults for either comparison (all P>0.38).

Effects of age on blood pressure lowering with age fitted

as continuous variable

We found no evidence of an interaction between age
and the effects of treatment on the primary outcome of
major cardiovascular events for any blood pressure
lowering treatments compared with control (all
P>0.09). The same was true for the comparisons of
different active agents (all P>0.2). For the secondary

outcomes therewasone significant interaction (P=0.02)
among the 30 analyses, and this is most likely to have
arisen by chance.

Meta-regressions of effects of blood pressure lowering in

different age groups

There was no difference in the risk reduction achieved
per unit reduction in blood pressure for individuals
aged <65 compared with ≥65 for the primary outcome
of total major cardiovascular events (P=0.38) nor for
any of the secondary outcomes (all P≥0.18).

DISCUSSION

Principal findings

These analyses provide support for the use of drugs to
lower blood pressure in older and younger adults, with
no strong evidence for the selective use of specific
classes of drug according to age. Factors such as
tolerability and cost are probably reasonable bases for
choice of drug so long as effective blood pressure
reduction is achieved.5-7 In particular, for these age
groups, there was no evidence of differences between
the effects of β blockers and other classes of drugs in
older compared with younger adults for any outcome
studied, and the same was true for all other drug
comparisons.

Findings in context of observational studies

We might expect variation in the effect of lowering
blood pressure because observational data have
shown less strong proportional associations of
blood pressure levels with risk in older compared
with younger adults.3 In our analyses therewere some
comparisons that showed evidence of different effects
of blood pressure lowering between age groups. It is
important, however, that the “statistically significant”
subsidiary analyses are interpreted in light of their
post hoc nature, and themultiple comparisons made.
Our results do not completely exclude the possibility
of differences in the proportional effects of blood
pressure lowering regimens between age groups but
they do suggest that any such differences are likely to
be small.

Clinical implications

As the magnitude of the proportional risk reduction
achieved with blood pressure lowering does not seem
todeclinewith age, our findingsprovide strong support
for theuseofbloodpressure lowering inelderlypeople.
Among the older age group there was, in almost every
analysis and for almost every outcome, an estimate of
effect suggesting benefit fromblood pressure lowering,
and in no case was there evidence of harm. These data
alsoprovide reassurance that current approaches to the
use of blood pressure lowering treatments that assume
constant proportional risk reductions across age
groups5-9 are appropriate.3
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Strengths and weaknesses

Our analyses included thousands of major cardio-
vascular events and provided reasonably precise
estimates of the effects of the different regimens in
older and younger adults formost outcomes. They are,
however, subject to several limitations. Firstly, the
difference in mean age between the older and younger
participants was not large—only about 15 years. It is
possible that these overviews could have failed to
detect real differences in the effectiveness of blood
pressure lowering between age groups. That said, the
analyses with age fitted as a continuous variable had
much better statistical power to detect interactions
betweenage and treatment to lowerbloodpressureand
provide reassurance thatmoderate or large effects have
not been missed. Secondly, because most patients in
the trials fell within a fairly limited age range, the
analyses were unable to define the effects of blood
pressure lowering agents in very elderly people and
younger age groups.10 Thirdly, although there was
reasonable comparability in the baseline characteris-
tics of younger and older patients it is possible that
different levels of baseline blood pressure, the propor-
tion of men, and possibly other comorbidities might
have had an effect on the potential to detect differences
between the age groups. Fourthly, the overviews
defined only the short to medium term effects of the
regimens studied.Fifthly, theabilityof these analyses to
detect differences between regimens would have been
diminished by incomplete adherence to randomised
treatments and the extensive use of add-on therapies.
Similarly, the a priori definition of a “conventional
group” that combines two different drug classes
(diuretics and β blockers) represents an additional
challenge, although subsidiary analyses were not able
to detect differences when β blockers and diuretics
were considered separately. Sixthly, data defined by
the prespecified criteria were not available for all
eligible trials, but limited subsidiary analyses including

published data from those studies did not change the
overall study conclusions. Finally, the primary ana-
lyses were based on the composite outcome of major
cardiovascular events, and this outcome might under-
estimate any real difference in the proportional effects
of blood pressure lowering between age groups. The
reason for this is that the composition of major
cardiovascular events varies between age groups.

Conclusions

Our results confirm the benefits of effective control of
blood pressure in older and younger adults. They also
provide substantial reassurance that, within the age
range studied, the benefits of regimens to lower blood
pressure based on different drug classes are largely
comparable across age groups, although there is a
relative paucity of data for those under 50 and over 80.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

In observational studies the proportional reductions in the
risks of vascular disease associated with lower blood
pressure levels decline with increasing age, suggesting that
the relative effects of blood pressure lowering drugs might
be smaller among elderly people

Some blood pressure management guidelines recommend
specific classes of blood pressure lowering treatment for
particular age groups

WHAT THIS STUDY ADDS

Blood pressure reduction produces similar proportional
reductions in the risks of vascular events in younger
(<65 years) and older (≥65 years) adults

The absolute benefits of treatment are likely to be
particularly large among older individuals because of their
higher average risk

There was no clear evidence to support recommendations
for particular drug classes in older or younger adults
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