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Abstract
The Losartan Intervention For Endpoint reduction in
hypertension (LIFE) trial and the Study on Cognition
and Prognosis in the Elderly (SCOPE) superficially
produced comparable outcomes, with effects on stroke
greater than those anticipated from blood pressure
(BP) lowering alone. This, however, ignores important
features of both studies. It ignores firstly the disparate
comparator agents – atenolol in LIFE and
predominantly hydrochlorthiazide in SCOPE,
secondly the small, but potentially important BP
differential between the treatment arms in SCOPE
and finally the small, statistically non-significant
increase in coronary heart disease (CHD) in both
trials. This analysis compares the major cardiovascular
outcomes in these trials with reference to placebo.
Two alternative reference populations were employed
to calculate the imputed placebo, firstly the MRC
Trial in Elderly Hypertensives and secondly a
meta-analysis of trials in the elderly, which included
comparisons between diuretic- and β-blocker-based
regimens. Overall, the choice of ‘comparator placebo’
did not substantially influence the derived results.
Accounting for BP differences and based on the
meta-analysis, both trials demonstrated statistically
significant reductions in fatal/non-fatal stroke
compared with placebo – relative risks (95%
confidence intervals [CI]) of 0.53 (0.39, 0.73) and
0.56 (0.41, 0.76) for SCOPE and LIFE, respectively.
For fatal/non-fatal MI, there were greater
discrepancies between the studies, but with neither
achieving statistical significance compared with
placebo – relative risks of 0.85 (0.59, 1.24) and 1.08
(0.80, 1.46) for SCOPE and LIFE, respectively. This
analysis clearly demonstrates that both candesartan in
SCOPE and losartan in LIFE are associated with
reductions in stroke events compared with placebo,
greater than that observed in the well-established
meta-analysis of placebo-controlled hypertensive trials.
However, the CIs are such that it is not possible to
suggest definitively that this is a benefit beyond BP
reduction alone. Neither trial is sufficiently ‘powered’
to demonstrate a benefit in CHD outcomes, but with
SCOPE there was a trend towards benefit with a point
estimate compatible with the major meta-analysis.

Introduction
In the 1980s and the early years of the 1990s, a
series of placebo-controlled trials were performed
in a large number of patients with mild-to-moder-
ate hypertension. Although in specific details
these trials differed in the populations that were

studied and the benefits that were achieved, all
were able to show,to a greater or lesser extent,sta-
tistically significant reductions in cardiovascular
events. The definitive evidence from the trials was
summarised in the meta-analysis of Collins and
colleagues1 and their analysis was conclusively
able to show that a modest reduction in diastolic
blood pressure (BP),of about 6 mmHg on average,
was associated with a 38% reduction in stroke
events and a 16% reduction in coronary heart
disease (CHD) events. The reduction in stroke
events was similar to that predicted from epi-
demiological studies whilst, in contrast, for CHD
there was a shortfall relative to the predicted
reduction. More recent clinical outcome trials in
hypertension have focussed on hypertension in
high-risk patients, such as those with hyperten-
sion and diabetes, elderly hypertensives and those
with isolated systolic hypertension  (ISH) and on
the effectiveness of some of the newer classes of
antihypertensive agents. In general, the outcomes
in most of these trials,2 including the
Antihypertensive and Lipid-Lowering treatment to
prevent Heart Attack Trial (ALLHAT),3 are consis-
tent and reinforce the benefits of treating hyper-
tension. They are also consistent in that they
failed to demonstrate any additional benefit that
might have been associated with the newer agents
and thus it has become widely accepted that the
major benefits associated with treatment of hyper-
tension are associated with lowering of BP per se.
The Losartan Intervention For Endpoint reduction
in hypertension (LIFE) trial4 and the Study on
Cognition and Prognosis in the Elderly (SCOPE)
study5 were trials that compared angiotensin
receptor blockade with ‘conventional’ antihyper-
tensive therapy. The findings of the LIFE trial indi-
cated that, for equal BP control, losartan was supe-
rior in reducing cardiovascular endpoints (mainly
stroke) to the β-adrenoceptor antagonist, atenolol.
The authors of the SCOPE study5 have suggested
that the reductions in event rates in the candesar-
tan group compared with the hydrochloroth-
iazide-based control group were of a similar mag-
nitude to those observed for losartan in the LIFE
trial.5 However, for the primary endpoint statisti-
cal significance was not achieved and, in addition,
there was a BP differential favouring candesartan
when compared with the control group. Thus,
whilst superficially the trials produced compara-
ble outcomes, with effects on stroke greater than
that anticipated from BP-lowering alone, this

Paper

Meredith pp 59-63  25/6/04  15:14  Page 1

COPY
RIG

HT J
RA

AS L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D



Journal of
the Renin-
Angiotensin-
Aldosterone
System
(Including other
peptidergic systems)

June 2004
Volume 5
Number 2

ignores confounding features of both studies. It
ignores firstly, the disparate comparator agents –
atenolol in LIFE and predominantly hydrochloroth-
iazide in SCOPE, secondly the small, but potentially
important BP differential between the treatment
arms in SCOPE and finally the small statistically
non-significant increase in CHD in both trials.

The analysis presented seeks to compare the
major cardiovascular outcomes in both these trials
with reference to placebo and following appro-
priate BP correction for the SCOPE data.

Methods
Imputed or putative placebo may be applied to
data derived from active-control clinical trials to
determine how the experimental therapy would
have performed if it had been compared directly
to placebo. In order to make this estimate, the
comparison requires firstly the observed effective-
ness of the experimental treatment compared
with the active-control and secondly the estimated
effectiveness of the active control therapy versus
placebo, which may or may not be obtained from
a meta-analysis. Both SCOPE and LIFE were essen-
tially trials in the elderly. SCOPE recruited patients
in the age range 70–89 years and, whilst the age
range for recruitment in LIFE was 55–80 years, the
mean age of the patients recruited was 67 years,
with a standard deviation of seven years; thus,
assuming a normal distribution, over 80% of the
population were over the age of 60 years. Thus,
both trials were compatible with a number of
earlier placebo-controlled trials which were
deemed to have been in the elderly.6 In this analy-
sis, the imputed placebo calculation was made
with reference to two populations. In the first

instance, the reference population was derived
from the Medical Research Council (MRC) trial of
treatment of hypertension in older adults,7 which
compared the effects of hydrochlorothiazide and
amiloride (n=1,081) or atenolol (n=1,102) with
placebo (n=2,213). The selection of this trial for
the initial analysis was founded on the fact that it
included, in the same study design, the class of
agents used in the control groups of LIFE and
SCOPE respectively. The second reference popu-
lation was derived from a systematic review of
placebo-controlled trials in the elderly.6 The sys-
tematic review incorporated nine studies into a
meta-analysis with diuretic trials, including 5,884
patients in the active treatment arm, whilst the β-
blocker arm incorporated 1,521 patients. The sta-
tistical methodology employed to calculate the
imputed placebo was that described by
Hasselblad and Kong.8 This approach estimates the
effect of the experimental treatment relative to
placebo and is based on three assumptions. Firstly
that there is at least one or more studies that esti-
mates the effect of the active control (‘standard’
therapy) relative to placebo. Secondly that there is
a trial comparing the experimental (‘new’) treat-
ment with the active control (‘standard’) that mea-
sures the same endpoint as in the placebo-con-
trolled trial. Finally, the populations to which the
estimates from ‘standard’ and ‘new’ treatments
apply should contain some sub-population in
common. When these assumptions are met, the
estimated efficacy of the experimental therapy rel-
ative to placebo is calculated based on point esti-
mates and confidence intervals.8

Correction for the BP differential between the
treatment arms in the SCOPE study was based on
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Table 1 Summary of relative risks in various hypertension trials. Mean relative risk of events with 95% confidence
intervals (CI)

Meta analysis elderly – diuretic 0.61 0.51 0.72
Meta analysis elderly – β-blocker 0.74 0.57 0.98
MRC elderly – diuretic 0.69 0.49 0.97
MRC elderly – β-blocker 0.82 0.60 1.14
LIFE 0.75 0.63 0.89
SCOPE 0.76 0.58 1.01

Fatal/non-fatal stroke RR 95% lower CI 95% upper CI

Meta analysis elderly – diuretic 0.74 0.64 0.85
Meta analysis elderly – β-blocker 1.01 0.80 1.29
MRC elderly – diuretic 0.56 0.40 0.79
MRC elderly – β-blocker 0.97 0.73 1.30
LIFE 1.07 0.88 1.31
SCOPE 1.10 0.78 1.55

Fatal/non-fatal MI RR 95% lower CI 95% upper CI

Meta analysis elderly – diuretic 0.86 0.77 0.96
Meta analysis elderly – β-blocker 1.05 0.88 1.25
MRC elderly – diuretic 0.84 0.67 1.05
MRC elderly – β-blocker 1.08 0.88 1.34
LIFE 0.90 0.78 1.03
SCOPE 0.96 0.81 1.14

Total mortality RR 95% lower CI 95% upper CI

Meredith pp 59-63  25/6/04  15:14  Page 2

COPY
RIG

HT J
RA

AS L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D



Journal of
the Renin-
Angiotensin-
Aldosterone
System
(Including other
peptidergic systems)

June 2004
Volume 5
Number 2

61

the log-linear relationship between relative risk
and BP reduction established in the meta-analysis
of all placebo-controlled outcome trials in hyper-
tension.1, 9,10 Correction was based upon the sys-
tolic pressure differential as the predicted contri-
bution was greater than that for diastolic BP and,
in addition, it is now widely accepted that systolic
BP is a better predictor of mortality and morbidity
than diastolic BP, particularly in the elderly.

The results are presented as the calculated rel-
ative risk estimates along with the 95% confidence
intervals.

Results
The data for the relative risks for stroke, myocar-
dial infarction (MI) and total mortality in the
selected hypertension trials are detailed in Table 1.
It is clear from this table that there is a degree of
consistency with respect to the reduction in
stroke, which in general achieves statistical signif-
icance,although it does not do so for the β-blocker
arm of the MRC trial of treatment of hypertension
in older adults and for SCOPE. Much less consis-
tency is apparent with CHD, characterised by fatal
and non-fatal MI, which is only significantly
reduced in the meta-analysis of all diuretic-based
trials in the elderly and in the diuretic arm of the
MRC trial of treatment of hypertension in older
adults. For overall mortality, benefit is only appar-
ent in the significant reduction achieved in the
meta-analysis of all diuretic-based trials in the
elderly (Table 1).

These data were applied to calculate the
imputed placebo comparisons for the SCOPE and
LIFE trials. The results of these analyses, based
upon the MRC trial of treatment of hypertension
in older adults, are shown in Table 2. It is apparent
from this table that, compared with the imputed
placebo,both active treatments in SCOPE and LIFE
reduced the incidence of stroke to a highly signif-
icant extent (p<0.003 and p<0.01, respectively).
Whilst the relative risk reduction was greater in
SCOPE than in LIFE, the difference was not statis-
tically significant (p=0.54). For CHD, active treat-
ment in SCOPE, compared with imputed placebo,

resulted in a statistically significant (p=0.05) 38%
reduction in fatal and non-fatal MI. In LIFE, no
benefit in CHD was apparent,but the outcome did
not differ statistically from that in SCOPE
(p=0.09). In neither trial was there a significant
reduction in overall mortality.

The results of the imputed placebo analyses
based upon the meta-analysis of all diuretic and β-
blocker-based trials in the elderly are shown in
Table 3. The results are broadly similar to those
derived for the analyses based on the MRC trial of
treatment of hypertension in older adults. Stroke
was statistically significantly reduced by active
treatment in both SCOPE (p<0.001) and LIFE
(p<0.001), but in neither trial was a significant
benefit on CHD apparent.Similarly,although overall
mortality was reduced in both trials, this did not
attain statistical significance.

In the LIFE trial, the achieved BP difference
between losartan and atenolol was –1.3/+0.4
mmHg (systolic/diastolic BP) with virtually no dif-
ference between the treatments for mean arterial
pressure. In contrast, in the SCOPE study there
was a statistically significant difference in BP
favouring the candesartan-based regimen of  –3.2/
–1.6 mmHg.The imputed placebo calculations for
the SCOPE study were therefore adjusted to
account for the pressure differential between the
two treatment regimens. It was calculated that a
3.2 mmHg difference in systolic BP would result
in a risk reduction of 12.7% for stroke, 4.9% for
CHD and 3.8% for overall mortality. The BP-cor-
rected data for SCOPE, along with the LIFE data,
are shown in Figures 1 and 2 for the analyses
based upon the MRC trial of treatment of hyper-
tension in older adults and the meta-analysis of all
diuretic- and β-blocker-based trials in the elderly,
respectively. In both cases, the reduction in stroke
was highly statistically significant and there was
good agreement between the two trials. Such con-
sistency was not apparent for CHD. For the LIFE
trial, the point estimates suggested no benefit by
way of reducing CHD events, whilst for SCOPE
there was a benefit apparent, but this did not
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Table 2 Imputed placebo calculation based on MRC
elderly trial. Results are presented as mean relative risk
along with the 95% confidence intervals

Fatal/non-fatal stroke 

Calculated treatment 0.52 (0.34, 0.79) 0.62 (0.43, 0.88)

vs. placebo

Fatal/non-fatal MI

Calculated treatment 0.62 (0.38, 1.00) 1.04 (0.74, 1.47)

vs. Placebo

Total mortality

Calculated treatment 0.81 (0.61, 1.07) 0.97 (0.76, 1.25)

vs. placebo

SCOPE LIFE

Table 3 Imputed placebo calculation based on ‘meta-
analysis’ of hypertension trials in the elderly. Results are
presented as mean relative risk along with the 95% 
confidence intervals

Fatal/non-fatal stroke 

Calculated treatment 0.46 (0.34, 0.64) 0.56 (0.41, 0.76)

vs. placebo

Fatal/non-fatal MI

Calculated treatment 0.81 (0.56, 1.18) 1.08 (0.80, 1.46)

vs. placebo

Total mortality

Calculated treatment 0.83 (0.67, 1.01) 0.95 (0.75, 1.19)

vs. placebo

SCOPE LIFE
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achieve statistical significance. The findings for
overall mortality followed a similar pattern to
those for CHD, with no statistical evidence of
benefit in either trial.

Discussion
At a superficial level, the findings of the SCOPE
study5 are consistent with those of the LIFE trial.4

This contention has been supported by a recent
meta-analytical overview of hypertension trials
comparing new and old classes of antihyperten-
sive drugs.2 However, these suggestions ignore
two important aspects of the trials, firstly the dif-
ferent comparator or reference agents and sec-
ondly the BP differential between the treatment
arms in SCOPE. The analysis presented in this
manuscript sought to overcome these confound-
ing factors by performing an imputed placebo
analysis to allow comparison based upon a
common reference and to correct for BP differen-
tials.

The imputed placebo approach depends upon
a number of assumptions, of which perhaps the
most important is that the study comparing the
experimental or newer agent and the reference
(or standard) therapy contained some sub-popula-
tion in common with the study or studies com-
paring the reference therapy with placebo. It is
implicit that the closer the agreement between
these populations the more reliable is the imputed
placebo analysis. In outcome trials in hyperten-
sion, a number of criteria might be considered
when assessing the compatibility of different
trials. In this instance, age was considered to be
the most important criterion and,as such, the pop-
ulations are in relatively good agreement.
Consideration should be given, however, to the
absolute risk of cardiovascular events in the dif-
ferent studies. Whilst inevitably there are differ-
ences between the studies, when comparison is
made of the event rates in the reference compara-
tor treatments in LIFE and SCOPE and the event
rates in actively treated patients in the placebo-
controlled trial, they are in reasonable agreement
and certainly within the same order of magnitude.

It should also be acknowledged that the initial
therapy in SCOPE in the control group was
placebo. It soon became clear that, with modified
treatment guidelines for hypertension, this was
unacceptable on ethical grounds and hydrochlor-
thiazide was initiated in most patients.All the trials
incorporated into the analysis presented in this
paper are based upon combination therapy.This is
true for all outcome trials in hypertension and, as
such, any interpretation applies to the initially
selected agent for a treatment regimen, whilst
acknowledging that the findings are associated
with the combination of a number of drugs. It is
therefore perhaps not surprising that most
overviews of randomised trials support the sug-
gestion that the major benefits of antihypertensive
therapy are associated with the lowering of BP per
se.11 Nevertheless, this does not preclude the pos-
sibility that there may be important differences
between treatment regimens with respect to
health outcomes.12

The analysis presented is also pivotally depen-
dent upon the correction for the BP discrepancies
in the SCOPE trial. The BP-related risk estimates
were derived from the meta-analysis of all ran-
domised placebo-controlled trials.1,9-10 The validity
of this approach may be questioned,particularly in
the light of the Hypertension Optimal Treatment
(HOT) study,13 in which the relationship between
cardiovascular events and the achieved BP in the
different target BP groups, was much steeper in
the high-risk diabetic sub-group than in the overall
population. However, considering age as a risk
factor, this discrepancy is not supported in epi-
demiological data.Thus, whilst the absolute risk of
stroke and CHD events increases with increasing
age, the slope of the relationship with BP does not
appear to change and, if anything, is slightly shal-
lower in the older patients.14

Overall, there is sufficient evidence to suggest
that the adopted approaches for both the imputed
placebo analysis and the BP correction are valid.
On that basis, a comparison of the results of the
SCOPE and LIFE trial can be made. With regard
to the stroke outcome, there is no dubiety and

PAPER

Figure 1 Blood pressure corrected imputed placebo 
calculation based on medical research council trial of 
treatment of hypertension in older adults

SCOPE
LIFE

Relative risk
0.25 0.5 0.75 1.0 1.5

RR (95% CI)

Stroke events

Coronary events

Total mortality

0.60 (0.39, 0.90)

0.62 (0.43, 0.88)

0.65 (0.40, 1.05)

1.04 (0.74, 1.47)

0.84 (0.63, 1.11)

0.97 (0.76, 1.25)

Favours newer therapy Favours placebo

Figure 2 Blood pressure corrected imputed placebo
calculation based on ‘meta-analysis’ of hypertension trials
in the elderly

SCOPE
LIFE

Relative risk
0.25 0.5 0.75 1.0 1.5

RR (95% CI)

Stroke events

Coronary events

Total mortality

0.53 (0.39, 0.73)

0.56 (0.41, 0.76)

0.85 (0.59, 1.24)

1.08 (0.80, 1.46)

0.86 (0.70, 1.05)

Favours newer therapy Favours placebo

0.95 (0.75, 1.19)
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significant benefits are apparent in both trials.
Regardless of whether the comparison is made on
the basis of the MRC trial of treatment of hyper-
tension in older adults or the meta-analysis of
hypertension trials in the elderly, there is a high
degree of commonality in the stroke outcome
with the two trials. In both analyses, the point esti-
mates for the relative risk reduction for stroke
were greater than those observed in the meta-
analysis of all placebo-controlled outcome trials in
hypertension. Whilst this observation is consis-
tent with the possibility that angiotensin receptor
blockers offer additional benefit beyond BP
control, neither trial in this analysis has sufficient
statistical power to accept or refute this sugges-
tion. In the case of CHD, potential differences
between the trials are apparent. The evidence in
both trials for benefit by way of reducing CHD is
equivocal.Whilst, superficially, the point estimates
for SCOPE and LIFE appear to differ, these differ-
ences are not statistically significant and the con-
fidence intervals around the mean values are such
that a benefit, or indeed a deleterious effect,
cannot be excluded. However, this in itself is not
surprising, as it parallels the findings of many of
the individual placebo-controlled trials in hyper-
tension that were insufficiently powered to
demonstrate a significant reduction in CHD
events. Nonetheless, the summarising meta-analy-
sis of all of these trials10 was able to demonstrate
an overall statistically significant 16% reduction in
CHD events.

The findings for overall mortality are unre-
markable, with both trials suggesting benefit, but
with insufficient power to support that con-
tention. However, it should be noted that the
reduction of overall mortality in the SCOPE study
is consistent with the 12% reduction observed in
the meta-analysis of all hypertension trials.10

In conclusion, it can be suggested that, where
appropriate reference is made to placebo and cor-
rection made for BP discrepancies, the cardiovascu-
lar outcome in SCOPE and LIFE are broadly similar
and certainly not significantly different. Although
the LIFE trial has rekindled concerns regarding the
use of β-blockers in the elderly,6,15-16 the evidence of
this analysis supports the recent observation from
the Blood Pressure Lowering Treatment Trialists’
Collaboration that treatment with any commonly-
used regimen reduces the risk of total major car-

diovascular events, and that larger reductions in BP
produce larger reductions in risk.
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