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All of the treatment trials in high blood pressure
(BP) have shown major reductions in the number
of people developing strokes,1 and this reduction
for a given BP appears to be equivalent to the epi-
demiological risk of that elevation in BP,2 a remark-
able achievement, if true, as the risk of stroke is
reversed in a very few years of treatment.
However, all these studies have been primary pre-
vention studies and there has, until now, remained
some controversy over whether the long-term
lowering of BP following a stroke carries similar
benefits. It was therefore with great anticipation
that the results of the PROGRESS study
(Perindopril Protection Against Recurrent Stroke
Study),3 were presented at the European Society
of Hypertension Meeting in Milan in June 2001.
The results clearly demonstrated a major benefit
in stroke reduction by lowering BP in people with
a previous history of stroke or transient ischaemic
attack (TIA). Importantly, this benefit was through-
out the range of BP; in other words both nor-
motensive and hypertensive individuals who had
suffered a stroke or TIA benefited from BP-lower-
ing.

Increasing BP is the most important contribu-
tory factor to primary stroke. Epidemiological
studies show a continuous and graded relation-
ship between BP and the risk of primary stroke,
and there is no evidence of any lower BP thresh-
old,below which further reductions in BP have no
effect on stroke risk.2 Treatment trials have now

clearly demonstrated that a prolonged reduction
in BP of 10–12/5–6 mmHg for just a few years
reduces the incidence of primary stroke by
35–40%.1 This is very similar to those predicted
from the observational epidemiological studies.

Accumulating evidence suggests that there is a
similar relationship between BP and secondary
(or recurrent) stroke as that of primary stroke.
Analysis of the data from the UK-TIA aspirin trial,
which involved 2435 individuals with a history of
TIA or minor stroke followed up for four years,
showed that BP level was an important determi-
nant of recurrent stroke, not only in hypertensive,
but also in normotensive individuals.4 Indeed,
there was a direct and continuous relationship
between the usual levels of BP and subsequent
risk of recurrent stroke (Figure 1).4 This relation-
ship was independent of age, sex, smoking history
and aspirin use.

Some supportive evidence on the role of BP in
the secondary prevention of stroke comes from
treatment trials.A recent meta-analysis of nine ran-
domised, controlled trials in 6752 patients with
prior stroke or TIA showed that BP-lowering treat-
ments reduced the incidence of recurrent stroke
by 28%.5 However, in this meta-analysis,one study,
the PATS (Post-stroke Antihypertensive Treatment
Study),6 accounted for 75% of the individuals
entered into the meta-analysis. The results, there-
fore, of the meta-analysis were essentially repre-
sentative of the PATS results. PATS was a ran-

Editorial review

Figure 1  Continuous relationship between usual blood pressure and the risk of stroke in 2435 individuals with a
history of transient ischaemic attack (TIA) or minor stroke during 4 years' follow-up in the UK-TIA aspirin trial.
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Reproduced with permission from A Rogers. BMJ 1996;313:147.  
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domised, double-blind, placebo-controlled trial, in
which 5665 Chinese patients who had a history of
stroke or TIA were randomised to either inda-
pamide treatment or placebo. After two years of
treatment with indapamide, BP was reduced by
5/2 mmHg and the risk of recurrent stroke
reduced by 29%.6 However, it has remained con-
troversial as to whether high BP following a stroke
should be treated, and in particular whether BPs
within the normal range following a stroke should
also be lowered.

The PROGRESS study was conducted in 172
hospitals in Australia, Belgium, China, France,
Japan, Italy, New Zealand, Sweden and the United
Kingdom. Eligible patients were treated with 2 mg
perindopril daily for an initial period of two weeks
followed by 4 mg perindopril daily for two weeks,
irrespective of their starting BP level. If perindo-
pril was tolerated, patients were then entered into
a double-blind study comparing perindopril (4 mg
daily) with the option of indapamide (2.5 mg daily,
in Japan 2 mg daily) with matching placebos.7 A
total of 6105 participants completed the study.

After an average of 4.2 years follow-up, BP was
9/4 mmHg lower in subjects receiving active treat-
ment compared with those on placebo.There was
a progressively increasing difference between the
active treatment and placebo group in the number
of recurrent strokes and major vascular events
(including stroke, heart attack or death from car-
diovascular disease). On average, the active lower-
ing of BP decreased the risk of recurrent stroke by
28% (95% CI: 17%–38%, p<0.0001) and major vas-
cular events by 26% (95% CI: 16%–33%, p<0.0001)
(Figure 2). Importantly, the reductions in recurrent
stroke that occurred were similar in the nor-
motensive and hypertensive individuals.

Further analysis of the trial showed that the
combination of perindopril and indapamide
caused a larger and more significant reduction in
recurrent stroke (43% risk reduction) and major
vascular events (40% risk reduction), with a fall in
BP of 12/5 mmHg, compared with the perindopril
alone group, in which there was only a small fall in
BP (5/3 mmHg) and no significant reduction in
the risk of recurrent stroke and vascular events.
However, the numbers in the perindopril
monotherapy group were small and from the evi-
dence presented so far, it is difficult to draw any
clear conclusions,except that a greater fall in BP is
related to a greater reduction in the risk of recur-
rent stroke and vascular events.

The design of the PROGRESS study,7 starting an
angiotensin-converting enzyme (ACE) inhibitor
first and ensuring it was tolerated, meant that
there appeared to be few dropouts during the
trial. What remains unclear is how far the reduc-
tion in stroke risk is due to the lowering of BP per
se. There is already some evidence8,9 to suggest
that ACE inhibitors (ACE-I) may protect the vascu-
lature independently of BP-lowering, for example
following myocardial infarction in the HOPE study
(Heart Outcomes Prevention Evaluation),9 although
the possible contribution of BP reduction to the
outcomes in this study remains controversial.

In the primary prevention of stroke, the recent
overviews of the outcome trials indicate that it is
the BP fall that largely accounts for the outcome
and that the different classes of antihypertensive
drugs, ACE-I, calcium antagonists, diuretics and
beta-blockers seem to confer a similar overall car-
diovascular benefit,10 although far larger numbers
would be needed to show significant differences
between treatments. However, there have been sug-
gestions that ACE-I may offer more cardio-protection
and calcium antagonists more protection against
stroke,10,11 although these are extremely speculative.

One area of BP and stroke management which
remains controversial is when antihypertensive
treatment should be started following stroke. In the
first few days following a stroke, cerebral auto-
regulatory mechanisms are deranged and BP-lower-
ing may lead to cerebral hypoperfusion. In the
PROGRESS study, treatment was not started until
patients had stabilised after an acute stroke.7 On-
going trials looking at the acute effects of BP reduc-
tion following a stroke are in progress.

Epidemiologically, there is a very clear and
direct relationship between salt intake and stroke,12

and an inverse relationship between potassium,
and thereby the consumption of fruit and vegeta-
bles, and stroke.13-17 Worldwide, much more effort
should be put into reducing salt intake and increas-
ing fruit and vegetable consumption, since this will
reduce BP18-21 and thereby stroke incidence.This is
particularly important as the majority of primary
strokes that are attributable to BP occur in the
upper range of ‘normal’ BP. Furthermore, both a
reduction in salt and an increase in fruit and veg-
etable consumption appear to have independent
effects on reducing strokes in addition to the effect
of the fall in BP.22,23 The recent DASH-Sodium Study
(Dietary Approaches to Stop Hypertension)21 shows
that the combination of reducing salt and increas-
ing fruit and vegetable consumption has large
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Figure 2  Average reduction in the risk of stroke and
major vascular events in all participants (n=6105) during
4.2 years' follow-up in the PROGRESS study with active
treatment (perindopril ± indapamide) compared with
placebo.
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effects on lowering BP similar to, or greater than,
that seen with a diuretic in both hypertensive and
normotensive individuals.

In conclusion, the PROGRESS study clearly
demonstrates that lowering BP with a combination
of an ACE-I (perindopril) and diuretic (indapamide)
causes a major reduction in recurrent stroke, and
also other cardiovascular complications,and impor-
tantly shows equal benefits in both hypertensive
and normotensive subjects following a stroke.
Whilst there will be questions as to exactly what
therapy should be used and how far BP should be
lowered, all patients who have had a stroke or TIA
should now be considered for BP reduction, irre-
spective of their starting level of BP. The PROGRESS
study demonstrates that the combination of a
diuretic with an ACE-I causes major reductions in
subsequent cardiovascular complications in these
individuals.
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