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Abstract
Background: 6KRUWWHUPUDQGRPL]HGWULDOVKDYHVKRZQWKHHIIHFWLYHQHVVRID¿[HGGRVHFRPELQDWLRQWKHUDS\ NQRZQDV3RO\SLOO RQUHGXFLQJEORRGSUHVVXUHDQGVHUXPFKROHVWHUROEXWWKHLPSDFWRI3RO\SLOORQFDUGLRYDVFXODUGLVHDVHULVNRUPRUWDOLW\KDVQRW\HWEHHQGLUHFWO\
LQYHVWLJDWHG3UHYLRXVVWXGLHVFRPELQHGWKHHIIHFWVRIHDFKFRPSRQHQWDVVXPLQJDPXOWLSOLFDWLYHMRLQWULVNDVVXPSWLRQWKDWPD\KDYHOHGWR
RYHUHVWLPDWLQJWKHFRPELQHGHIIHFWV:HFRQGXFWHGDQXSGDWHGPHWDDQDO\VLVRIUDQGRPL]HGWULDOVRIDQWLK\SHUWHQVLYHVVWDWLQVDQGDVSLULQ
:HXVHGWKHHVWLPDWHGHIIHFWVL]HVDSSO\LQJDPRUHFRQVHUYDWLYHDVVXPSWLRQWRHVWLPDWHWKHQXPEHURILVFKHPLFKHDUWGLVHDVH ,+' DQG
VWURNHGHDWKVWKDWFRXOGKDYHEHHQDYHUWHGE\3RO\SLOOLQ,UDQLDQVDJHG\HDUVRUROGHULQ
Methods: :HVHDUFKHG0HGOLQHDQGUHYLHZHGSUHYLRXVPHWDDQDO\VHVWRVHOHFWUDQGRPL]HGWULDOVRQ$QJLRWHQVLQ&RQYHUWLQJ(Q]\PH
LQKLELWRUVWKLD]LGHVDVSLULQDQGVWDWLQV:HXVHGDUDQGRPHIIHFWVPRGHOWRSRROUHODWLYHULVNVIRUHDFKFRPSRQHQWDQGHVWLPDWHGWKHMRLQW
UHODWLYHULVNVXVLQJPXOWLSOLFDWLYHDQGDGGLWLYHDVVXPSWLRQVIRUFRPELQDWLRQVRI3RO\SLOOFRPSRQHQWV:HXVHGDJHDQGFDXVHVSHFL¿F
PRUWDOLW\VHSDUDWHO\E\JHQGHUDQGHVWLPDWHGWKHQXPEHURISUHYHQWDEOHGHDWKVIURP,+'DQGVWURNH
Results: 8QGHUWKHDGGLWLYHMRLQW55DVVXPSWLRQWKHVWDQGDUG3RO\SLOOIRUPXODWLRQZDVHVWLPDWHGWRSUHYHQW &, 
,+'GHDWKVDQG &, VWURNHGHDWKV5HPRYLQJDVSLULQIURPWKHFRPELQDWLRQGHFUHDVHGSUHYHQWDEOH,+'GHDWKVE\
XQGHUWKHDGGLWLYHDVVXPSWLRQ GHDWKV DQGE\XQGHUWKHPXOWLSOLFDWLYHDVVXPSWLRQ GHDWKV DQGUHGXFHGSUHYHQWDEOH
VWURNHGHDWKVXQGHUERWKDGGLWLYHDQGPXOWLSOLFDWLYHDVVXPSWLRQVE\ GHDWKV 7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQ3RO\SLOO
FRPELQDWLRQVZLWKDQWLK\SHUWHQVLYHDJHQWVLQIXOOGRVHRUKDOIGRVH
Conclusion: 3RO\SLOOFDQSUHYHQWDODUJHQXPEHURI,+'DQGVWURNHGHDWKVLQ,UDQ7KHFRVWHIIHFWLYHQHVVIHDVLELOLW\DQGDFFHSWDELOLW\RI
WKLVSUHYHQWLRQVWUDWHJ\UHPDLQWREHLQYHVWLJDWHG
Keywords: &DUGLRYDVFXODUGLVHDVHVGUXJFRPELQDWLRQV3RO\SLOOSULPDU\SUHYHQWLRQULVNIDFWRUV

Introduction
ardiovascular diseases (CVDs) are the leading causes of
death in both high-income countries and in most developing countries outside sub-Saharan Africa.1,2 Mortality from
CVD has declined sharply in most developed countries in the past
3 – 4 decades.3,4 Where it has been studied, almost half of this decline was attributed to improved treatment of cases and the remaining half to changes in risk factors such as systolic blood pressure,
smoking and dyslipidemia.5–8 Considering the high levels of exposure to these risk factors in many developing countries,9,10 efforts to
monitor and control them may have a substantial effect on preventing CVD mortality and burden. One possible intervention is a
¿[HGGRVHFRPELQDWLRQWKHUDS\

C

$XWKRUV¶ DI¿OLDWLRQV 1Digestive Diseases Research Institute, Tehran University of Medical Sciences, Tehran, Iran, 2Non Communicable Diseases Research
Center, Endocrinology and Metabolism Research Institute, Tehran University of
Medical Sciences, Tehran, Iran, 3Harvard School of Public Health, Boston, United
States of America.
&RUUHVSRQGLQJDXWKRUDQGUHSULQWVSadaf G. Sepanlou MD, Digestive Diseases Research Institute, Shariati Hospital, North Kargar Street, Postal Code:
14117-13135, Tehran, Iran. Tel: +98-21-82415555, Fax: +98-21-82415400,
Email: sadaf.g.sepanlou@gmail.com.
Accepted for publication: 20 June 2012

7KH SRWHQWLDO RI ¿[HGGRVH FRPELQDWLRQ SKDUPDFRWKHUDS\ IRU
CVD prevention (composed of anti-hypertensive agents, aspirin,
DQGDVWDWLQ ZDV¿UVWGLVFXVVHGLQWKH:RUOG+HDOWK2UJDQL]DWLRQ
(WHO) and Wellcome Trust meeting in 2001.11 The possible public health impact and cost-effectiveness of enhanced access to the
combination treatment was also mentioned in the World Health
Report 2002.12 In a widely cited paper in 2003 which coined the
term “Polypill”, Wald and Law estimated that more than 80% of
CVD deaths can be prevented in adults 55 years old or older.13A
few short-term randomized trials have examined the effectiveness
of the Polypill on risk factors reduction and its tolerability.14–16
However, the effect of Polypill on the risk of CVD has not yet
been reported and the current evidence has been generated by multiplying the individual effects of the components of Polypill which
may have led to overestimating the joint effect. Furthermore, it is
not clear if the results of the randomized trials of the components
of Polypill which are all conducted in developed countries are
generalizable to a developing country like Iran because the trial
population may have been quite different from the general population of Iran with respect to important study characteristics. Finally,
a few large and well-conducted randomized trials of statins and
aspirin (such as JUPITER17 and Women’s Health Study18) have
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been recently published and were not included in the Wald and
Law analysis.
Therefore, we conducted an updated meta-analysis of randomized controlled trials of effectiveness of the components of Polypill
in primary prevention of CVD. We used the estimations for effect size of Polypill and estimated the number of CVD deaths that
could be prevented by Polypill in Iran using a more conservative
approach and also attempted to standardize the effects to the Iranian population.

Materials and Methods
Study Design
We estimated the relative risks (RRs) of ischemic heart disease
(IHD) and stroke in healthy individuals that would be treated
with Polypill versus those assigned to usual care or placebo. The
components of Polypill we considered in our study were aspirin,
two anti-hypertensive agents (Angiotensin-Converting Enzyme
(ACE)-inhibitors and thiazides), and a statin. We derived the best
current estimate of the RRs for each component of Polypill from
meta-analyses of randomized trials of primary prevention and
computed multiplicative and additive RRs for the joint effect of
the 3 components. Finally, we estimated the number of deaths that
would have been prevented by administering the Polypill to men
and women 55 years or older in Iran in 2006.
Our analysis included three main steps: 1) conducting systematic
reviews and meta-analyses to estimate the individual RRs for each
component of Polypill; 2) estimating the joint RRs for all components under different joint risk assumptions; and 3) estimating the
number of preventable deaths due to IHD and stroke.

tion of fatal and non-fatal) IHD and stroke. Data was extracted into
standard data extraction sheets. Extracted data included sample
size, number of events in the treatment and control arms, and reSRUWHG55VDQGWKHLUFRQ¿GHQFHLQWHUYDOV:KHUHGDWDZDV
available, RRs were extracted by sex, age or other characteristics
of the study population at baseline. We also recorded the method of
blinding, eligibility and exclusion criteria, compliance with treatment in each or both arms, median and maximum follow-up time,
and proportion of loss to follow-up.
We used a random-effects model to pool RRs for each component of Polypill for IHD.23 We used the Egger’s test to evaluate
publication bias24 in each meta-analysis and used meta-regression
WRHYDOXDWHWKHSRVVLELOLW\RIHIIHFWPRGL¿FDWLRQE\GDWHRISXEOLcation or dose of medication for antihypertensive agents - categorized into high or low.22
We also examined differences in pooled RRs between fatal outcomes, non-fatal outcomes, and the combination of both. As the
GLIIHUHQFHVZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWDQGWRDFKLHYHDKLJKHU
precision, we used RRs for fatal and non-fatal outcomes combined.
If RRs for combined fatal and nonfatal outcomes were not reported
(which occurred in 3 studies), we used the RRs for either fatal or
non-fatal outcomes, whichever was reported, in descending order
of preference.
Estimating joint relative risks
We calculated multiplicative and additive joint RRs assuming
that the RR for each component did not depend on the other comSRQHQWV LHQRHIIHFWPHDVXUHPRGL¿FDWLRQLQWKHPXOWLSOLFDWLYH
scale). The following formulas were used for calculating joint RRs:
Multiplicative joint RR =

Systematic review and meta-analyses
We searched Medline (via PubMed) for clinical trials and meta-analyses on aspirin published from 2001, and ACE-inhibitors
and thiazides published from 2007 until the end of 2010. For trials published before the range of dates in our search strategy, we
XVHGWULDOVLGHQWL¿HGE\/DZHWDOIRUDQWLK\SHUWHQVLYHDJHQWVLQ
200919 and by Antithrombotic Trialists’ Collaboration for aspirin
in 2002.20 )RUVWDWLQVZHLQFOXGHGWKHWULDOVLGHQWL¿HGLQDUHFHQWO\
conducted systematic review by one of the authors.21
Two authors (SGS and EJ) reviewed the abstracts of all relevant
randomized trials and meta-analyses. Discrepancies were resolved
by consensus or by referring to a third author (GD). We excluded
trials in which the randomization method was not acceptable; trials that did not have one arm for treatment with anti-hypertensive
or aspirin or statins only; trials with another intervention (such as
percutaneous coronary interventions) as the control group; trials on
FRPSDUDWLYHHI¿FDF\RIGLIIHUHQWGUXJVRURQGRVHUHVSRQVHDQDO\sis of a single drug; trials on short-term effects (peri-procedural,
in-hospital effects with follow-ups of 6 months or less); trials that
had not reported clinical endpoints; trials in which more than 30%
of study subjects had presented with a previous history of coronary
heart disease or cerebrovascular disease; trials on patients with de¿EULOODWRUVKHDUWIDLOXUHIDPLOLDOK\SHUFKROHVWHUROHPLDRUFKURQLF
kidney disease; extended follow-up or post-hoc analyses of previously published trials; trials in which intention-to-treat analysis
ZDVQRWUHSRUWHGDQG¿QDOO\WULDOVRIDQWLK\SHUWHQVLYHVLQZKLFK
the dose of the agent was not within the standard range recommended by the Joint National Committee.22
The outcomes of interest included fatal, non-fatal, (or a combina-

Additive joint RR =
We considered 3 different formulations of Polypill depending on
the type and dosage of the anti-hypertensive agents: 1) an ACEinhibitor in full dose plus aspirin and a statin; 2) a thiazide in full
dose, aspirin, and a statin; 3) an ACE-inhibitor in half dose, a thiazide in half dose, aspirin and a statin (as administered in the trial
by Malekzadeh et al.14). The combination of two anti-hypertensive
agents in half dose was to emulate the effect of the Polypill used
in previous meta-analyses and in a current trial.14,19,25 We assumed
a log-linear RR to estimate the effect of anti-hypertensive agents
in half dose. Considering the clear evidence on side effects of aspirin, notably gastrointestinal bleeding and hemorrhagic stroke,
we repeated the third scenario without aspirin. We estimated the
variance of the joint relative risks assuming independence of RRs
from different studies. All meta-analyses were conducted using
the metan command26 in STATA version 11.0 (StataCorp, College
Station Texas) and joint RRs and their uncertainty intervals were
calculated using R version 2.11.1.
Estimating preventable deaths
:HXVHGWKHFDXVHVSHFL¿FPRUWDOLW\GDWDDWWKHQDWLRQDOOHYHO
separately for each sex and age group, to estimate the number of
deaths that could have been averted by Polypill in Iran in 2006.
Mortality data were derived from the vital registration system
which does not include deaths in Tehran. We used data from Teh-
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ran’s central cemetery to overcome this limitation. Because the
coverage of the vital registration system is incomplete,27 we used
the Synthetic Extinct Generations method to examine and correct
the incompleteness of death registration. The details of methods
and assumptions have been described elsewhere.28 Finally to estimate number of preventable deaths we multiplied them by total
mortality due to IHD and stroke:

Results
Our search yielded 2398 titles for randomized trials of anti-hypertensive agents or aspirin. Another 454 trials were included by
reviewing previous meta-analyses. Out of the aforementioned triDOVZHUHVHOHFWHGLQWKH¿UVWURXQG$IWHUIXOOWH[WUHYLHZZH
included 6 primary prevention trials of aspirin, 21 trials of anti-hypertensive (Figure 1), and 11 trials of statins.21 The selected studies
and their characteristics are presented in Webtables 1 – 4. Only 3

Preventable deaths = joint RR * Total deaths due to IHD or stroke

Table 1.3RROHGUHODWLYHULVNVRIPRUWDOLW\IURPLVFKHPLFKHDUWGLVHDVHDQGVWURNHLQWKHWUHDWPHQWDUPYHUVXVWKHFRQWURODUPRIUDQGRPL]HGWULDOV
Outcome
Ischemic Heart
Disease

Stroke

Agent
Aspirin
ACE inhibitor
Thiazide
Statin
Aspirin
ACE inhibitor
Thiazide
Statin

Number of Studies
6
7
13
11
6
8
12
7

Pooled Relative Risk
0.81 (0.67, 0.99)
0.86 (0.79, 0.93)
0.86 (0.76, 0.98)
0.68 (0.59, 0.79)
0.98 (0.84, 1.14)
0.88 (0.77, 1.01)
0.60 (0.55, 0.66)
0.79 (0.66, 0.94)

P-value
0.036
<0.001
0.023
<0.001
0.768
0.075
<0.001
0.008

Table 2.-RLQWUHODWLYHULVNV 55V XQGHUPXOWLSOLFDWLYHDQGDGGLWLYHPRGHOV
Polypill Components
An ACE-inhibitor in full dose, aspirin, and a statin
A thiazide in full dose, aspirin, and a statin
An ACE-inhibitor in half dose, a thiazide in half dose, aspirin, a statin
An ACE-inhibitor in half dose, a thiazide in half dose, and a statin

Outcome
IHD
Stroke
IHD
Stroke
IHD
Stroke
IHD
Stroke

Multiplicative RRs
0.47 (0.37, 0.61)
0.68 (0.52, 0.90)
0.48 (0.36, 0.63)

Additive RRs
0.54 (0.45, 0.64)
0.70 (0.57, 0.87)
0.54 (0.44, 0.65)

0.48 (0.36, 0.59)
0.49 (0.38, 0.63)
0.57 (0.44, 0.74)
0.60 (0.51, 0.70)
0.58 (0.47, 0.71)

0.51 (0.44, 0.60)
0.54 (0.45, 0.65)
0.61 (0.51, 0.73)
0.63 (0.54, 0.72)
0.62 (0.53, 0.72)
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Figure 2. 3RROHGUHODWLYHULVNVRIPRUWDOLW\IURPLVFKHPLFKHDUWGLVHDVHA) $VSLULQB)$&(LQKLELWRUVC)7KLD]LGHVD)6WDWLQV

statin trials had reported RRs by age and sex and only 2 thiazides
trials reported RRs by sex. Therefore, we were unable to perform
subgroup analyses or standardize the RRs to the Iranian population
(see limitations in the Discussion).
The results of the meta-analyses for each component of Polypill
are presented in Table 1. Except for effect of aspirin on stroke, all
RWKHUHIIHFWVL]HVZHUHVLJQL¿FDQWDWWKHOHYHO 3YDOXHIRUWKH
test of heterogeneity was larger than 0.1, except for trials on aspiULQ 7KHPHWDDQDO\VLVVKRZHGVWDWLVWLFDOO\VLJQL¿FDQWUHGXFWLRQV
in IHD with aspirin, ACE inhibitor, thiazide and statins and also
WKDWWKHUHZHUHVLJQL¿FDQWUHGXFWLRQVLQVWURNHZLWK$&(LQKLELWRU
thiazide and statins at 0.10 (but not with aspirin).The forest plots
DUHSUHVHQWHGLQ¿JXUHDQG:HGLGQRW¿QGDVWURQJHYLGHQFH
for publication bias for any of the meta-analyses: the P-values for
Egger’s test ranged from 0.07 to 0.75. The publication year and
the dose of medication (high or low) did not change the relative
ULVNVVLJQL¿FDQWO\7KH3YDOXHVIRUWKHFRHI¿FLHQWRISXEOLFDWLRQ
year ranged from 0.13 to 0.91 and the one for dose of medication
ranged from 0.29 to 0.97 across different components of Polypill.
The joint RRs for the four formulations of Polypill are presented
in Table 2. RRs ranged from 0.47 to 0.68 using the multiplicative
assumption and from 0.51 to 0.70 using the additive assumption.
7KHFRQ¿GHQFHLQWHUYDOVIRUGLIIHUHQW55VRYHUODSSHGVXEVWDQWLDOly across different Polypill formulations. In particular, comparing
various combinations of antihypertensive drugs at full or half dose,
the joint RRs did not differ substantially except possibly for stroke
and antihypertensives where the effect of a full dose of thiazides

seemed slightly stronger than the effect of ACE inhibitors or half
dose of thiazide and half dose of ACE inhibitors combined.
There were 62000 IHD deaths (34700 in men and 27300 in women) and 32500 stroke deaths (16600 in men and 15900 in women)
in 2006 in Iran. Figure 4 presents the number of IHD and stroke
deaths that could be prevented with a complete coverage of different formulations of Polypill. Using the more conservative additive
joint RR assumption, Polypill formulation used in Malekzadeh et
al’s trial (an ACE-inhibitor and a thiazide each in half dose, aspirin and a statin) was estimated to prevent 28500 (95% CI: 21700,
34100) IHD deaths and 12700 (95% CI: 8800, 15900) stroke
deaths. The same formulation could prevent a total of 49600 (95%
CI: 31400, 56600) IHD or stroke deaths under a multiplicative
joint RR assumption.
The number of IHD deaths that could be averted ranged from
WREXWGLGQRWGLIIHUVLJQL¿FDQWO\EHWZHHQGLIIHUHQW
formulations and under both additive and multiplicative assumptions. The number of averted stroke deaths was smallest under the
additive assumption for the combination of an ACE-inhibitor in
full dose, aspirin, and a statin (9800, 95% CI: 4200, 14000), and
largest under the multiplicative assumption for the combination of
a thiazide in full dose, aspirin, and a statin (16900, 95% CI: 13300,
20800). Almost a third of the averted IHD deaths (32%) occurred
in men below the age of 70. The same proportion in women was
25.5%. For stroke, 24% of averted deaths in men and 22.5% in
women occurred below the age of 70.
Removing aspirin from the combination reduced the number of
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Figure 3. 3RROHGUHODWLYHULVNVRIPRUWDOLW\IURPVWURNHA) $VSLULQB)$&(LQKLELWRUVC)7KLD]LGHVD)6WDWLQV

averted IHD deaths in the standard formulation (aspirin, a statin,
and both antihypertensive agents in half dose) by 15% under the
additive assumption (5600 deaths) and by 21% under the multiplicative assumption (6800 deaths). In contrast, removing aspirin
reduced the average number of averted stroke deaths under both
additive and multiplicative assumptions by 3% (300 deaths).

Discussion
Our results suggested that full coverage of Polypill in Iranian
adults can reduce mortality from IHD and stroke by 30 – 53%
and therefore prevent at least 28500 (95% CI: 21700, 34700) IHD
deaths and 9800 (95% CI: 4200, 14000) stroke deaths in 2006. For
each IHD or stroke death averted in women 1.4 deaths could be
averted in men. One in three premature deaths (deaths occurring
before the age of 70) from IHD and one in four premature deaths
from stroke could be averted by Polypill.
The proportional effect of Polypill estimated in our analysis is
much smaller than the previously reported 88% reduction in risk
of IHD and 80% reduction in risk of stroke.13 Apart from the difference in the assumption regarding joint relative risks (multiplicative
in the previous analysis versus additive in our main analysis), there
are several other reasons for the differences between these two
estimates: Wald and Law based their estimated reduction in risk
on a relatively ambitious reduction in serum LDL cholesterol of
1.8 mmol/L after using statins for two years which is much larger
than the 0.46 mmol/L reduction observed in a pilot Polypill trial
that used twice the statin dose for one year.14 As for aspirin, Wald

and Law had included trials on people with a history of IHD and
SDWLHQWVZLWKDWULDO¿EULOODWLRQDVZHOODVWKRVHRQKHDOWK\DGXOWV
which explains the larger estimates of the protective effect of aspirin compared with ours.13 Wald and Law estimated the risk reduction using a combination of 3 hypertensive agents as opposed to
2 agents in our analysis and also included a potential protective
effect for folic acid,29 which has been questioned in more recent
randomized trials30 and has not been considered in randomized trials of Polypill.14–16
Although we used an additive assumption to generate more
conservative estimates of the potential impact of Polypill, our
estimates may still be larger than what could be achieved in the
general population due to imperfect adherence. Adherence to treatment in the general population is usually lower than that observed
in well-controlled randomized trials which sometimes use a run-in
phase to exclude possibly non-adherent individuals. For example,
a recent systematic review of statins reported that adherence to
treatment in several primary prevention randomized trials was on
average 79% compared with 59% in two observational studies.21
Potential side effects of Polypill have to be considered. Statins
may cause a mild elevation of Alanine Transaminase in about 10%
of recipients and in 1 – 3% of patients elevations are more than
three times the upper limit normal.31 However, the role of statins
in causing liver damage is still unclear.32,33 There is also a small
but important increase in risk of severe muscle damage in statin
users.34,35 Furthermore, two recent meta-analyses of randomized
trials found that statins may slightly increase the risk of type 2 diabetes.36,37 Aspirin increases the risk of gastrointestinal bleeding and
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Figure 4.7KHQXPEHURISUHYHQWDEOHGHDWKVDQGWKHLUXQFHUWDLQW\LQWHUYDOV$&($QJLRWHQVLQ
&RYHUWLQJ(Q]\PH$6$$FHW\O6DOLFLOLF$FLG

hemorrhagic stroke which may balance out some of the protective effects on IHD and ischemic stroke. Our results indicated that
removing aspirin from the formulation of Polypill will reduce the
SURWHFWLYHHIIHFWVRQ,+'EXWVXEVWDQWLDOEHQH¿WVVWLOOUHPDLQ
The strengths of our study can be summarized as follows. We focused on primary prevention, and used both additive and multiplicative assumptions to estimate the effect of different combinations
of components in Polypill. We also considered full versus half
dosage for the antihypertenives. We used the most recent causeVSHFL¿FPRUWDOLW\GDWDDWWKHQDWLRQDOOHYHOLQ,UDQDQGFRUUHFWHG
these numbers for incompleteness of death registration. Finally, we
TXDQWL¿HGXQFHUWDLQW\E\FRPELQLQJVDPSOLQJXQFHUWDLQW\LQ55V
DQGHVWLPDWLRQXQFHUWDLQW\LQFDXVHVSHFL¿FPRUWDOLW\QXPEHUV
Our study had several limitations as well. We could not conduct
the planned subgroup analyses to standardize the effect of components of Polypill to the Iranian population by age and sex and other
VWXG\FKDUDFWHULVWLFVGXHWRLQVXI¿FLHQWQXPEHURIWULDOVWKDWUHSRUWed RRs by subgroup. Our estimates of 'preventable deaths' ignore
the competeing causes of mortality that could be addressed using
D0DUNRYPRGHORUOLIHWDEOHV)XUWKHUPRUH¿YHRXWRIWULDOVRQ

ACE-inhibitors and all (except for one) trials on thiazides included
in our study also used beta-blockers and calcium channel blockers
to achieve the target blood pressure reduction. Therefore, our RRs
for thiazides and ACE-inhibitors overestimate the effect of a single
drug at full dose or two drugs at half dose without dose titration.
In summary, using Polypill for primary prevention of CVD in
adults aged 55 or older may prevent half of IHD deaths and 43%
of stroke deaths in Iran. Further research is required to estimate the
cost-effectiveness of a large-scale population based intervention
and a detailed comparison of various treatment strategies to minimize the potential risks. In a recent study in the Netherlands, the
estimated incremental cost-effectiveness ratios for treating people
with a 10-year risk of CVD above 5% was €7,900 per QALY; however, similar estimates for developing countries in a previous study
have been much lower (1039 – 1221 US$ per QALY).38 Lim et al
found that over a 10-year period administering Polypill to the highrisk population in 23 low- and middle-income countries could
DYHUWD¿IWKRI&9'GHDWKVZLWKDQDYHUDJHDQQXDOFRVWSHUKHDG
of less than 2 US$ in Iran.39 Currently, Polypill is being manufactured by Iranian pharmaceutical companies and costs about 5 cents
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per pill and can in principle be administered through the extensive
primary health care network.
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Web Table 1. Randomized clinical trials of statins and risk of coronary heart disease (CHD) or Stroke.
Author and year
(study acronym)

Study population

Exclusion criteria

Furberg 1994
(ACAPS)a

919 asymptomatic men and women, 40 to 79 years old, with early carotid
DWKHURVFOHURVLVDVGH¿QHGE\%PRGHXOWUDVRQRJUDSK\DQG/'/FKROHVWHURO
between the 60th and 90th percentiles, mean age 61.7 years and 51.5% male

History of MI, stroke, or angina

PHQDQGZRPHQWR\HDUVROGZLWKDYHUDJH7&DQG/'/&DQG 8QFRQWUROOHG+71VHFRQGDU\K\SHUOLSLGHPLDRUW\SHRUW\SH'0WKDWZDVHLWKHU
'RZQV
EHORZDYHUDJH+'/&DQGKDGQRSULRUKLVWRU\VLJQVRUV\PSWRPVRIGH¿QLWH managed with insulin or associated with a glycohemoglobin>10%. a body weight of more
$)&$367H[&$36 b
P\RFDUGLDOLQIDUFWLRQDQJLQDFODXGLFDWLRQ&9$RU7,$
than 50% greater than the desirable limit for height

Outcome of interest

Follow-up

Compliance

/RYDVWDWLQ±PJGRUSODFHER

1RQIDWDO0,DQ\
&+'

Mean 2.84
years

77% in both arms

/RYDVWDWLQ ±PJG RUSODFHER
LQDGGLWLRQWRDORZ±VDWXUDWHGIDW
ORZFKROHVWHUROGLHW

$Q\&+'

Mean 5.2
years

71% in treatment
arm and 63% in
controls

3UDYDVWDWLQPJGRUXVXDOFDUH

)DWDODQGQRQIDWDO
&+'DQ\&+'
IDWDODQGQRQIDWDO
stroke, any stroke

Mean 4.8
years

71% in the control
arm, 77% in
treatment arm

$WRUYDVWDWLQPJGRUSODFHER

$Q\&+'DQ\
stroke

Median 3.3
years

87% in treatment
and 91% in control
after 3 years

$WRUYDVWDWLQPJGRUSODFHER

Any MI, any stroke

Median 4
years

67.5% in treatment
arm and 57.6% in
controls

)OXYDVWDWLQPJGRUSODFHER

Any MI, any stroke

3UDYDVWDWLQPJGRUGLHWDORQH

)DWDO0,QRQIDWDO
0,DQ\&+'

2 years



$Q\&+'

4 years



$//+$7//7c

$PEXODWRU\SHUVRQV Q  DJHG\HDUVRUROGHUZLWK/'/RIWR
PJG/ WRPJG/LINQRZQ&+' DQGWULJO\FHULGHVORZHUWKDQPJ
G/PHDQDJH\HDUVZRPHQEODFNDQG+LVSDQLFKDGD
KLVWRU\RI&+'DQGKDGW\SHGLDEHWHV

Sever 2003
$6&27//$ d

K\SHUWHQVLYHSDWLHQWV DJHG±\HDUVZLWKDWOHDVWWKUHHRWKHU
&9'ULVNIDFWRUVDQGIDVWLQJ7&PPRO/PDLQO\ZKLWH  DQGPDOH
3UHYLRXV0,FXUUHQWWUHDWHGDQJLQD&9'LQWKHSDVWPRQWKVIDVWLQJ7*!PPRO/
 ZLWKDPHDQDJHRI\HDUVDQGDWOHDVWRIWKHIROORZLQJ/9+
CHF, uncontrolled arrhythmia or any other clinically important hematological or
DEQRUPDOLWLHVRQ(&*'03$'SUHYLRXVVWURNHRU7,$PDOHDJHGRU
biochemical abnormality on screening
ROGHUPLFURDOEXPLQXULDRUSURWHLQXULDVPRNLQJFKROHVWHURO+'/RUIDPLO\
KLVWRU\RISUHPDWXUH&+'

Knopp 2006
(ASPEN)e

SDWLHQWVZLWKW\SH'0IRU\HDUVRUPRUHDQGORZ/'/ PPRO/
LIKLVWRU\RI0,RULQWHUYHQWLRQDOSURFHGXUHDQGPPRO/LIQRW 7*
PJG/DJHG

Hedblad 2001
%&$36 f

History of MI, angina pectoris, or stroke within the preceding 3 months; history of surgical
LQWHUYHQWLRQLQWKHULJKWFDURWLGDUWHU\UHJXODUXVHRIEHWDEORFNHUVRUVWDWLQV6%3!RU
793 men and women 49 to 70 years of age with plaque in the right carotid artery
'%3!PP+J7&!PPRO/K\SHUJO\FHPLDVXVSHFWHGWRUHTXLUHLQVXOLQWUHDWPHQW
EXWZLWKQRV\PSWRPVRI&$'PHDQDJHPDOH
and conditions that in the opinion of the investigator rendered the subject unsuitable for the
trial

Sawayama 2002
)$67 g

SDWLHQWVZLWK7&PJG/DJHG±PHDQDJH\UVDQG
male

Anderssen 2005
(HYRIM)h

$Q\V\PSWRPDWLF&9' 0,DQJLQDSHFWRULVVWURNH &+)W\SH'0KLVWRU\RIFRURQDU\
LQWHUYHQWLRQQHHGIRUWUHDWPHQWZLWKOLSLGORZHULQJPHGLFDWLRQVRWKHUWKDQWKHVWXG\GUXJ
GUXJWUHDWHGK\SHUWHQVLYHPHQDJHG±\HDUVZLWK7&±PPRO/
)OXYDVWDWLQPJGRUOLIHVW\OHLQD
known or suspected impaired hepatic or renal function or malignancy, history of alcohol
7*PPRO/%0,±NJPDQGDVHGHQWDU\OLIHVW\OH
by 2 factorial design
DQGRUGUXJDEXVHYHJHWDULDQGLHWRUGLHWFRPSULVLQJDKLJKRPHJDIDWW\DFLGLQWDNHDQG
LQDELOLW\WRSHUIRUPSK\VLFDOH[HUFLVH

Ridker 2008
-83,7(5 i

17802 patients including men over 50 and women over 60 without history of
&9'DQG/'/PJG/DQG&53!PJ/DQGWULJO\FHULGHVPJG/

3DWLHQWVZLWKSUHYLRXVRUFXUUHQWXVHRIOLSLGORZHULQJWKHUDS\RUSRVWPHQRSDXVDO+57
HYLGHQFHRIKHSDWLFG\VIXQFWLRQKLJK&.OHYHOKLJKFUHDWLQLQHOHYHO'0XQFRQWUROOHG
+71FDQFHUZLWKLQ\HDUVEHIRUHHQUROOPHQWXQFRQWUROOHGK\SRWK\URLGLVPDQGDUHFHQW
history of alcohol or drug abuse or another medical condition that might compromise safety
or the successful completion of the study

5RVXYDVWDWLQPJGRUPDWFKLQJ
placebo

Nakamura 2006
(MEGA)j

K\SHUFKROHVWHUROHPLFSDWLHQWV WRWDOFKROHVWHUROWRPPRO/ 
DQGQRKLVWRU\RI&+'PHQDQGSRVWPHQRSDXVDOZRPHQDJHG±

Familial hypercholesterolemia, history of angina, MI or bypass surgery or PCI, ECG
DEQRUPDOLWLHVFRQVLVWHQWZLWK0,KLVWRU\RI3$'VWURNHRU7,$FRQJHQLWDORUUKHXPDWLF
KHDUWGLVHDVHFKURQLFDWULDO¿EULOODWLRQFXUUHQWGLDJQRVLVRIPDOLJQDQF\VHYHUHOLYHURU
NLGQH\GLVHDVHSRRUO\FRQWUROOHG+71RU'0VHFRQGDU\K\SHUOLSLGHPLDFXUUHQWXVHRI
corticosteroids and other conditions at the discretion of the individual physician

3UDYDVWDWLQPJGDQGGLHWYV
diet alone

)DWDO0,QRQIDWDO
MI, any MI, any
stroke

Mean 5.3
years

89% in treatment
arm

Shepherd 1995
(WOSCOPS)k

PHQWR\HDUVRIDJHZLWKDPHDQSODVPD7&RIPJG/

+LVWRU\RI0,DQGQRQIDVWLQJ7&PJG//'/PJG/GXULQJVHFRQGDQGWKLUG
visits, major ECG abnormalities or arrhythmias or serious illness

3UDYDVWDWLQPJGRUSODFHER

)DWDO&+'QRQIDWDO
0,DQ\&+'DQ\
stroke

Mean 4.9
years

70.4% in treatment
and 69.2% in
controls at year 5

D
E
F
G
H
I
J
K
L
M
N

I

&XUUHQWO\UHFHLYLQJOLSLGORZHULQJWKHUDS\WDNLQJODUJHGRVHVRIQLDFLQRUWDNLQJ3UREXFRO
LQWKHODVW\HDUNQRZQWREHLQWROHUDQWRIVWDWLQVRUWRKDYHVLJQL¿FDQWOLYHURUNLGQH\
GLVHDVH VHUXP$/7!,8/RUVHUXPFUHDWLQLQH!PJG/RURWKHUFRQWUDLQGLFDWLRQV
for statin therapy; or had a known secondary cause of hyperlipidemia

Intervention groups

7\SH'00,LQWHUYHQWLRQDOSURFHGXUHRUHSLVRGHVRIXQVWDEOHDQJLQDOHVVWKDQPRQWKV
before screening, HbA1c>10%, active liver disease or hepatic dysfunction, severe renal
GLVHDVH&+)WUHDWHGZLWKGLJR[LQ&.!WLPHVXSSHUOLPLW%3!PP+J%0,
!NJPDOFRKRORUGUXJDEXVHK\SHUVHQVLWLYLW\WRVWXG\PHGLFDWLRQFXUUHQWRUSODQQHG
SUHJQDQF\SODFHERUXQLQFRPSOLDQFHXVHRIH[FOXGHGPHGLFDWLRQV

7*PJG/XQFRQWUROOHGKHDUWIDLOXUHUHFHQW PRQWKV 0,VHYHUHRUXQVWDEOH
DQJLQDSHFWRULVK\SRWK\URLGLVPK\SHUWK\URLGLVPRURWKHUHQGRFULQHGLVHDVHVVHFRQGDU\
K\SHUOLSLGHPLDXQFRQWUROOHG'0XQFRQWUROOHG+71KHDY\GULQNLQJREHVHSDWLHQWVRQ
weight reduction programs; diseases that might interfere with drug absorption; any severe
LOOQHVVDQGWUHDWPHQWZLWKFHUWDLQGUXJVLQFOXGLQJFRUWLFRVWHURLGVRWKHUOLSLGORZHULQJ
agents or antacids containing aluminum salts

79% in treatment
Mean 3 years and 77% in placebo
arm

1RQIDWDO0,DQ\ 0D[LPXP
0,QRQIDWDOVWURNH years; median
any stroke
1.9 years

75% in both arms

)XUEHUJ&'$GDPV+3-U$SSOHJDWH:%%\LQJWRQ53(VSHODQG0$+DUWZHOO7HWDO(IIHFWRIORYDVWDWLQRQHDUO\FDURWLGDWKHURVFOHURVLVDQGFDUGLRYDVFXODUHYHQWV$V\PSWRPDWLF&DURWLG$UWHU\3URJUHVVLRQ6WXG\ $&$36 5HVHDUFK*URXSCirculation. 1994; 90:±
'RZQV-5&OHDU¿HOG0:HLV6:KLWQH\(6KDSLUR'5%HHUH3$HWDO3ULPDU\SUHYHQWLRQRIDFXWHFRURQDU\HYHQWVZLWKORYDVWDWLQLQPHQDQGZRPHQZLWKDYHUDJHFKROHVWHUROOHYHOVUHVXOWVRI$)&$367H[&$36$LU)RUFH7H[DV&RURQDU\$WKHURVFOHURVLV3UHYHQWLRQ6WXG\JAMA.
1998; 279:±
0DMRURXWFRPHVLQPRGHUDWHO\K\SHUFKROHVWHUROHPLFK\SHUWHQVLYHSDWLHQWVUDQGRPL]HGWRSUDYDVWDWLQYVXVXDOFDUH7KH$QWLK\SHUWHQVLYHDQG/LSLG/RZHULQJ7UHDWPHQWWR3UHYHQW+HDUW$WWDFN7ULDO $//+$7//7 JAMA. 2002; 288:±
6HYHU36'DKORI%3RXOWHU15:HGHO+%HHYHUV*&DXO¿HOG0HWDO3UHYHQWLRQRIFRURQDU\DQGVWURNHHYHQWVZLWKDWRUYDVWDWLQLQK\SHUWHQVLYHSDWLHQWVZKRKDYHDYHUDJHRUORZHUWKDQDYHUDJHFKROHVWHUROFRQFHQWUDWLRQVLQWKH$QJOR6FDQGLQDYLDQ&DUGLDF2XWFRPHV7ULDO/LSLG
/RZHULQJ$UP $6&27//$ DPXOWLFHQWUHUDQGRPLVHGFRQWUROOHGWULDOLancet. 2003; 361:±
.QRSS5+G¶(PGHQ06PLOGH-*3RFRFN6-(I¿FDF\DQGVDIHW\RIDWRUYDVWDWLQLQWKHSUHYHQWLRQRIFDUGLRYDVFXODUHQGSRLQWVLQVXEMHFWVZLWKW\SHGLDEHWHVWKH$WRUYDVWDWLQ6WXG\IRU3UHYHQWLRQRI&RURQDU\+HDUW'LVHDVH(QGSRLQWVLQQRQLQVXOLQGHSHQGHQWGLDEHWHVPHOOLWXV $6
PEN). Diabetes Care. 2006; 29:±
+HGEODG%:LNVWUDQG--DQ]RQ/:HGHO+%HUJOXQG*/RZGRVHPHWRSURORO&5;/DQGÀXYDVWDWLQVORZSURJUHVVLRQRIFDURWLGLQWLPDPHGLDWKLFNQHVV0DLQUHVXOWVIURPWKH%HWD%ORFNHU&KROHVWHURO/RZHULQJ$V\PSWRPDWLF3ODTXH6WXG\ %&$36 Circulation. 2001; 103:±
1726.
6DZD\DPD<6KLPL]X&0DHGD17DWVXNDZD0.LQXNDZD1.R\DQDJL6HWDO(IIHFWVRISUREXFRODQGSUDYDVWDWLQRQFRPPRQFDURWLGDWKHURVFOHURVLVLQSDWLHQWVZLWKDV\PSWRPDWLFK\SHUFKROHVWHUROHPLD)XNXRND$WKHURVFOHURVLV7ULDO )$67 J Am Coll Cardiol. 2002; 39:±
616.
$QGHUVVHQ6$+MHOVWXHQ$.+MHUPDQQ,%MHUNDQ.+ROPH,)OXYDVWDWLQDQGOLIHVW\OHPRGL¿FDWLRQIRUUHGXFWLRQRIFDURWLGLQWLPDPHGLDWKLFNQHVVDQGOHIWYHQWULFXODUPDVVSURJUHVVLRQLQGUXJWUHDWHGK\SHUWHQVLYHV +<5,0 Atherosclerosis. 2005; 178:±
5LGNHU30'DQLHOVRQ()RQVHFD)$*HQHVW-*RWWR$0-U.DVWHOHLQ--HWDO5RVXYDVWDWLQWRSUHYHQWYDVFXODUHYHQWVLQPHQDQGZRPHQZLWKHOHYDWHG&UHDFWLYHSURWHLQ -83,7(5 N Engl J Med. 2008; 359: 
1DNDPXUD+$UDNDZD.,WDNXUD+.LWDEDWDNH$*RWR<7R\RWD7HWDO3ULPDU\SUHYHQWLRQRIFDUGLRYDVFXODUGLVHDVHZLWKSUDYDVWDWLQLQ-DSDQ 0(*$6WXG\ DSURVSHFWLYHUDQGRPLVHGFRQWUROOHGWULDOLancet. 2006; 368±
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Web Table 2. Randomized clinical trials of ASA and risk of coronary heart disease (CHD), or Stroke.
Author and year
(study acronym)

Study population

Exclusion criteria

Intervention groups

%ULWLVK'RFWRUVa

All male doctors resident in UK one half under 60 years of age

Indication or contraindication for aspirin, history
RISHSWLFXOFHUGH¿QLWHVWURNHRU0,

Aspirin: 500 mg
ordinary or 300 mg
enteric coated per day

US Physicians Study
1989b

Healthy male physicians 40 to 80 years of age

Indication or contraindication for aspirin

Aspirin: 325 mg every
other day

7KURPERVLV
3UHYHQWLRQ7ULDOc

0HQEHWZHHQWR\HDUVRIDJHDWULVNRI&+'UHIHUULQJWRSUDFWLFHVLQ8.LQWKH0HGLFDO5HVHDUFK
Council

A current or recent history of possible peptic
XOFHUDWLRQDKLVWRU\RISRVVLEOHRUGH¿QLWH0,RU
stroke; and other medication incompatible with
trial treatment

Aspirin: 75 mg per day

Hypertension Optimal
7UHDWPHQWd

3DWLHQWVUHFUXLWHGIURPFRXQWULHVLQ(XURSH1RUWKDQG6RXWK$PHULFDDQG$VLDDJHG±\HDUV PHDQ
61·5 years) with hypertension and diastolic blood pressure between 100 mm Hg and 115 mm Hg (mean 105
mm Hg)

Not discretely mentioned

Primary Prevention
Project 2001e

2OGDJH \HDUV K\SHUWHQVLRQ 6%3PP+JRU'%3PP+JRQDWOHDVWWKUHHVHSDUDWHRFFDVLRQV 
K\SHUFKROHVWHURODHPLD 7&!āPPRO/RQDWOHDVWWZRVHSDUDWHRFFDVLRQV '0 IDVWLQJYHQRXVSODVPD
JOXFRVHFRQFHQWUDWLRQ!āPPRO/RQDWOHDVWWZRVHSDUDWHRFFDVLRQV>FKURQLFGUXJWUHDWPHQWIRUDQ\RIWKH
WKUHHODWWHUFRQGLWLRQVZDVDOVRDFULWHULRQIRULQFOXVLRQ@ REHVLW\ ERG\PDVVLQGH[ NJP DQGIDPLO\
history of MI before 55 years of age in at least one parent or sibling Participants were screened for eligibility
when they attended their general practitioner’s (315 GP) surgery for any reason. A small proportion of patients
were recruited among hypertensive outpatients attending (15) hospital hypertension units (UK)

7UHDWPHQWZLWKDQWLSODWHOHWGUXJV KLVWRU\RI
vascular events or diseases); chronic useof
DQWLLQÀDPPDWRU\DJHQWVRUDQWLFRDJXODQWV
contraindications to aspirin; diseases with
SUHGLFWDEOHSRRUVKRUWWHUPSURJQRVLVDQG
SUHGLFWDEOHSV\FKRORJLFDORUORJLVWLFDOGLI¿FXOWLHV
affecting compliance with the trial
requirements

:RPHQ¾V+HDOWK
Study 2005f

)HPDOHKHDOWKSURIHVVLRQDOVLQYLWHGE\OHWWHUV\HDUVRIDJHRUROGHUQRKLVWRU\RI&+'&9'FDQFHU
H[FHSWQRQPHODQRPDVNLQFDQFHU RURWKHUPDMRUFKURQLFLOOQHVVQRKLVWRU\RIVLGHHIIHFWVWRDQ\RIWKH
VWXG\PHGLFDWLRQVQRWWDNLQJDVSLULQRU16$,'VPRUHWKDQRQFHDZHHN RUZHUHZLOOLQJWRIRUHJRWKHLU
use during the trial); not taking anticoagulants or corticosteroids; and not taking individual supplements of
vitamin A, E, or beta carotene more than once a week.

Unwillingness to participate

D
b)
F
G
H
I

Outcome of interest
)DWDO0,QRQIDWDO0,
DQ\&+'IDWDOVWURNH
QRQIDWDOVWURNHDQ\
stroke
)DWDO0,QRQIDWDO0,
DQ\&+'IDWDOVWURNH
1RQIDWDOVWURNHDQ\
stroke
)DWDO0,QRQIDWDO0,
DQ\&+'IDWDOVWURNH
1RQIDWDOVWURNHDQ\
stroke

Follow-up

Compliance

0D[LPXP
years

70% in treatment
arm

Median 5
years

Aspirin (75 mg per
GD\ DQWLK\SHUWHQVLYH

Any MI, any stroke

Median 3.8
years

Aspirin (100 mg per
GD\ YLWDPLQ( î
factorial design)

)DWDO0,QRQIDWDO0,
DQ\&+'IDWDOVWURNH
QRQIDWDOVWURNHDQ\
stroke

Median 3.6
years

Aspirin (100 mg every
RWKHUGD\ YLWDPLQ(
îIDFWRULDOGHVLJQ 

)DWDO0,QRQIDWDO0,
DQ\&+'IDWDOVWURNH
QRQIDWDOVWURNHDQ\
stroke

Median 10.1
years

98% in treatment
arm and 100% in
control arm

Median 5
years

80% in treatment
arm, 86.9% in
control arm

3HWR5*UD\5&ROOLQV5:KHDWOH\.+HQQHNHQV&-DPUR]LN.HWDO5DQGRPLVHGWULDORISURSK\ODFWLFGDLO\DVSLULQLQ%ULWLVKPDOHGRFWRUVBr Med J (Clin Res Ed). 1988; 296:±
Final report on the aspirin component of the ongoing Physicians’ Health Study. Steering Committee of the Physicians’ Health Study Research Group. N Engl J Med. 1989; 321:±
7KURPERVLVSUHYHQWLRQWULDOUDQGRPLVHGWULDORIORZLQWHQVLW\RUDODQWLFRDJXODWLRQZLWKZDUIDULQDQGORZGRVHDVSLULQLQWKHSULPDU\SUHYHQWLRQRILVFKDHPLFKHDUWGLVHDVHLQPHQDWLQFUHDVHGULVN7KH0HGLFDO5HVHDUFK&RXQFLO¶V*HQHUDO3UDFWLFH5HVHDUFK)UDPHZRUNLancet.
1998; 351:±
+DQVVRQ/=DQFKHWWL$&DUUXWKHUV6*'DKORI%(OPIHOGW'-XOLXV6HWDO(IIHFWVRILQWHQVLYHEORRGSUHVVXUHORZHULQJDQGORZGRVHDVSLULQLQSDWLHQWVZLWKK\SHUWHQVLRQSULQFLSDOUHVXOWVRIWKH+\SHUWHQVLRQ2SWLPDO7UHDWPHQW +27 UDQGRPLVHGWULDO+276WXG\*URXS
Lancet. 1998; 351:±
GH*DHWDQR*/RZGRVHDVSLULQDQGYLWDPLQ(LQSHRSOHDWFDUGLRYDVFXODUULVNDUDQGRPLVHGWULDOLQJHQHUDOSUDFWLFH&ROODERUDWLYH*URXSRIWKH3ULPDU\3UHYHQWLRQ3URMHFWLancet. 2001; 357:±
5LGNHU30&RRN15/HH,0*RUGRQ'*D]LDQR-00DQVRQ-(HWDO$UDQGRPL]HGWULDORIORZGRVHDVSLULQLQWKHSULPDU\SUHYHQWLRQRIFDUGLRYDVFXODUGLVHDVHLQZRPHQN Engl J Med. 2005; 352:±

Web Table 3. Randomized clinical trials of ACE inhibitors and risk of coronary heart disease (CHD), or Stroke
Author and year (study
acronym)

Study population

Exclusion criteria

Intervention groups

'5($07ULDO,QYHVWLJDWRUV
2006a

Patients 30 years of age or older with impaired fasting
plasma glucose levels or impaired glucose tolerance

History of diabetes, cardiovascular disease or intolerance to ACE
inhibitors or thiazolidinediones

5DPLSULOPJPJGD\IRUWKH¿UVWPRQWKV
LQFUHDVHGWRPJGD\IURPPRQWKVWR\HDU
DQGLQFUHDVHGWRPJGD\IRUWKHVHFRQG\HDU

/LXb

Patients at least 60 years of age, consenting to
SDUWLFLSDWHVLWWLQJ6%3±PP+JDYHUDJHGDW
readings,

6HYHUHFRQFRPLWDQWFDUGLRYDVFXODURUQRQFDUGLRYDVFXODU
GLVHDVHVDQGVHUXPFUHDWLQLQHDERYH>PX@PRO/

1LWUHQGLSLQH±PJRQFHDGD\RUPJ
twice a day, if not controlled added captopril or
hydrochlorothiazide 12.5 mg or 25 mg once or
twice a day

$'9$1&(&ROODERUDWLYH
Group 2007c

3DWLHQWVRI'0GLDJQRVHGDW\HDUVRUROGHUZLWK
years of age or older at entry to the study, a history of
PDMRU&9'RUDWOHDVWRQHRWKHUULVNIDFWRUIRU&9'

'H¿QLWHLQGLFDWLRQIRURUFRQWUDLQGLFDWLRQWRDQ\RIWKHVWXG\
WUHDWPHQWVDGH¿QLWHLQGLFDWLRQIRUORQJWHUPLQVXOLQWKHUDS\DW
study entry

Schrier 2002d

'LDEHWLFSDWLHQWV±\HDUVROGQRUPRWHQVLYHZLWK
'%3EHWZHHQPP+JQRWWDNLQJDQWLK\SHUWHQVLYH
drugs,

Allergy to dihydropyridines or ACE inhibitors, MI or
cerebrovascular event, or unstable angina during the past 6
months, coronary artery bypass surgery during the past 3 months,
&+)UHFHLYLQJGLDO\VLVDQGRUVHUXPFUHDWLQLQHDERYHPJG/

6&$7e

Wing 2003f
Hansson 1999g

%HFNHWWh

D
E
F
d)
H
I
J
K

II

¿[HGGRVHFRPELQDWLRQRISHULQGRSULOPJGD\
DQGLQGDSDPLGHPJGD\ZLWKFRQWLQXDWLRQ
RIDOORWKHUWUHDWPHQWVH[FHSW$&(LQKLELWRUV
those who tolerated and adhered, were assigned to
¿[HGGRVHGRXEOHGDIWHUPRQWKV
,QWHQVLYH1LVROGLSLQHRUHQDODSULOFRQYHQWLRQDO
therapy if not controlled
 1LVROGLSLQH±±±PJGD\RU 
HQDODSULO±±±PJGD\

Outcome of interest

Follow-up

Compliance

Any MI, any stroke

Median 3
years

82.6% in treatment
arm and 82.3% in
control arm

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 3
years

89.3% in treatment
arm and 90.8% in
control arm

$Q\&+'DQ\VWURNH

Median 4.3
years

73% in treatment
arm and 74% in
control arm

1RQIDWDO0,QRQIDWDO
stroke

Median 5.3
years

82.3% in treatment
arm and 83.1% in
control arm

$JH! \HDUVVHUXP7&±PPRO//9()!
no coronary angioplasty or bypass surgery within the
past 6 months
\HDUVRIDJH6%3! PP+JDQG'%3! 
mmHg at two sessions, absence of cardiovascular events
within the past 6 months, willingness to participate

Indication or contraindication to study drugs, other severe
diseases, potential noncompliance

Enalapril 2.5 mg twice daily

)DWDO&+'QRQIDWDO&+'
DQ\&+'QRQIDWDOVWURNH

Median 5
years

$Q\OLIHWKUHDWHQLQJLOOQHVVFRQWUDLQGLFDWLRQWR$&(LQKLELWRURU
GLXUHWLFSODVPDFUHDWLQLQH!PJG/PDOLJQDQWK\SHUWHQVLRQ
dementia

ACE inhibitor with or without Calcium channel
blocker, beta blocker or Angiotensin receptor
blocker

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 5
years

±\HDUROGSDWLHQWVZLWK'%3! PP+JRQ
separate occasions

6HFRQGDU\K\SHUWHQVLRQVHUXPFUHDWLQLQH!PLFURPRO/
required treatment with beta blockers

&DSWRSULO PJGD\

$Q\&+'DQ\VWURNH

Median 6.5
years



Patients 80 years or older with persistent hypertension
6%3EHWZHHQ±PP+J

&RQWUDLQGLFDWLRQWRWULDOPHGLFDWLRQDFFHOHUDWHG+71VHFRQGDU\
+71KHPRUUKDJLFVWURNHGXULQJWKHSUHFHGLQJPRQWKVKHDUW
IDLOXUHVHUXPFUHDWLQLQHDERYHPJG/JRXWGHPHQWLDRU
requiring nursing care

LQGDSDPLGH3HULQGRSULO LI%3XQFRQWUROOHG
indapamide (1.5 mg sustained release), Perindopril
RUPJGD\

)DWDO&+'IDWDOVWURNHDQ\
stroke

Median 6.5
years



84.3% in treatment
arm and 86.9% in
control arm
97.9% in treatment
arm and 96.7% in
control arm

%RVFK-<XVXI6*HUVWHLQ+&3RJXH-6KHULGDQ3'DJHQDLV*HWDO(IIHFWRIUDPLSULORQWKHLQFLGHQFHRIGLDEHWHVN Engl J Med. 2006; 355:±
/LX/:DQJ-**RQJ//LX*6WDHVVHQ-$&RPSDULVRQRIDFWLYHWUHDWPHQWDQGSODFHERLQROGHU&KLQHVHSDWLHQWVZLWKLVRODWHGV\VWROLFK\SHUWHQVLRQ6\VWROLF+\SHUWHQVLRQLQ&KLQD 6\VW&KLQD &ROODERUDWLYH*URXSJ Hypertens. 1998; 16:±
3DWHO$0DF0DKRQ6&KDOPHUV-1HDO%:RRGZDUG0%LOORW/HWDO(IIHFWVRID¿[HGFRPELQDWLRQRISHULQGRSULODQGLQGDSDPLGHRQPDFURYDVFXODUDQGPLFURYDVFXODURXWFRPHVLQSDWLHQWVZLWKW\SHGLDEHWHVPHOOLWXV WKH$'9$1&(WULDO DUDQGRPLVHGFRQWUROOHGWULDO
Lancet. 2007; 370:±
Schrier RW, Estacio RO, 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:±
7HR..%XUWRQ-5%XOOHU&(3ODQWH6&DWHOOLHU'7\PFKDN:HWDO/RQJWHUPHIIHFWVRIFKROHVWHUROORZHULQJDQGDQJLRWHQVLQFRQYHUWLQJHQ]\PHLQKLELWLRQRQFRURQDU\DWKHURVFOHURVLV7KH6LPYDVWDWLQ(QDODSULO&RURQDU\$WKHURVFOHURVLV7ULDO 6&$7 Circulation. 2000;
102:±
:LQJ/05HLG&05\DQ3%HLOLQ/-%URZQ0$-HQQLQJV*/HWDO$FRPSDULVRQRIRXWFRPHVZLWKDQJLRWHQVLQFRQYHUWLQJHQ]\PHLQKLELWRUVDQGGLXUHWLFVIRUK\SHUWHQVLRQLQWKHHOGHUO\N Engl J Med. 2003; 348:±
+DQVVRQ//LQGKROP/+1LVNDQHQ//DQNH-+HGQHU71LNODVRQ$HWDO(IIHFWRIDQJLRWHQVLQFRQYHUWLQJHQ]\PHLQKLELWLRQFRPSDUHGZLWKFRQYHQWLRQDOWKHUDS\RQFDUGLRYDVFXODUPRUELGLW\DQGPRUWDOLW\LQK\SHUWHQVLRQWKH&DSWRSULO3UHYHQWLRQ3URMHFW &$333 UDQ
domised trial. Lancet. 1999; 353:±
%HFNHWW163HWHUV5)OHWFKHU$(6WDHVVHQ-$/LX/'XPLWUDVFX'HWDO7UHDWPHQWRIK\SHUWHQVLRQLQSDWLHQWV\HDUVRIDJHRUROGHUN Engl J Med. 2008; 358:±
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Web Table 4. Randomized clinical trials of thiazides and risk of coronary heart disease (CHD), or Stroke
Author and year
(study acronym)

Study population

Exclusion criteria

Intervention groups

Outcome of interest

Follow-up

Compliance

+')3a

Hypertensive individuals from 30 to 69 year old
who referred to 14 centers based on residential
area and one center based on employment; the
PHDQRIQGDQGWK'%3PHDVXUHPHQWEHPRUH
than 90 mmHg

%HGIDVWDQGLQVWLWXWLRQDOL]HGSHUVRQV

Stepped Care (SC): stepwise increase in
PHGLFDWLRQLQVSHFLDOFHQWHUV±chlorthalidone
(25-100mg/day) ±UHVHUSLQH±K\GUDOD]LQH±
JXDQHWKLGLQHVXOIDWH±RWKHU

)DWDO&+'IDWDOVWURNH

0D[LPXP\HDUV

77.8% in treatment
arm and 58.3% in
the control arm

+')3b

Hypertensive individuals from 30 to 69 year old
who referred to 14 centers based on residential
area and one center based on employment; the
PHDQRIQGDQGWK'%3PHDVXUHPHQWEHPRUH
than 90 mmHg

%HGIDVWDQGLQVWLWXWLRQDOL]HGSHUVRQV

Stepped Care (SC): stepwise increase in
PHGLFDWLRQLQVSHFLDOFHQWHUV±chlorthalidone
(25-100mg/day)±UHVHUSLQH±K\GUDOD]LQH±
JXDQHWKLGLQHVXOIDWH±RWKHU

)DWDOVWURNHQRQIDWDO
stroke, any stroke

0D[LPXP\HDUV

77.8% in treatment
arm and 58.3% in
the control arm

SHEP 1991c

Persons 60 years and above screened by mass
mailing and community screening techniques
persons 60 year and above not taking
antihypertensives with mean of 2 measurements
WRPPKJIRU6%3DQGOHVVWKDQ
PPKJIRU'%3DOVRWKRVHWDNLQJPHGLFDWLRQ
ZLWK6%3DQG'%3OHVVWKDQZHUH
referred for drug withdrawal before intervention

+LVWRU\DQGRUVLJQRIPDMRUFDUGLRYDVFXODUGLVHDVHVDQGRWKHUPDMRU
diseases

±chlorthalidone (12.5-25 mg/day)±
FKORUWKDOLGRQHGRXEOHG±DWHQRORO±DWHQRORO
doubled

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 4.5 years

90% in treatment
arm and 64% in the
control arm

SHEP 1989d

Persons 60 years and above referring to 5 clinical
centers in the US; with untreated essential
V\VWROLFK\SHUWHQVLRQ 6%3! PP+JDQG
'%3 PP+J\HDUVROGRUROGHU

+LVWRU\DQGRUVLJQRIPDMRUFDUGLRYDVFXODUGLVHDVHVDQGRWKHUPDMRU
diseases

ChlorthalidonePJGD\GRXEOHGLI%3LVQRW
controlled in 4 weeks

)DWDO&+'DQ\&+'IDWDO
stroke, any stroke

Median 2.1 years

80% in treatment
arm and 84% in the
control arm

Amery 1985e

A multicenter study on elderly patients referring
to the outpatient clinic 1) age above 60 years
 6%3EHWZHHQ±PP+JDQG'%3
EHWZHHQ±PP+J SDWLHQWV¾ZLOOLQJQHVV
to participate

1) curable causes of hypertension 2) complications of hypertension
3) concurrent diseases

hydrochlorothiazde 25 mg and triamterene 50 mg

)DWDO&+'DQ\&+'IDWDO
stroke, any stroke

Median 4.68 years in
placebo and Median 4.69
years in treatment group

96% in treatment
arm and 98% in the
control arm

Australian
7KHUDSHXWLF7ULDO
1980f

Australian or European volunteers who
attendedscreeningcentersset up in Melbourne,
3HUWKDQG6\GQH\DJHWR\HDUV'%3
EHWZHHQWRPP+*6%3PP+J

Hypertension treatment during the past 3 months, history of coronary
disease, stroke, diabetes, asthma, gout, ECG abnormality, primary
hypertension

&KORURWKLD]LGHPJGD\,I%3QRWFRQWUROOHG
PHWK\O'23$SURSUDQRORORUSLQGROROZHUH
DGGHG,I%3QRWFRQWUROOHGK\GUDOD]LQHRU
clonidine were added

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 4 years

61% in treatment
arm and 56% in the
control arm

Helgeland 1980g

$OOV\PSWRPIUHH2VORPHQEHWZHHQWR
years of age and 7% between 20 to 39 years of
DJHZHUHLQYLWHGDQGVFUHHQHGDJHEHWZHHQ
\HDUV6%3! PP+*DQG'%3! 
mmHG at 2 sessions

New or previous coronary heart disease, cardiovascular disease,
LQWHUPLWWHQWFODXGLFDWLRQ&+)YDOYXODUKHDUWGLVHDVHGUXJWUHDWHG
hypertension during the last year, diabetes, retinopathia, renal
disease, hepatic disease, psychosis or neurosis, chronic or malignant
diseases, secondary hypertension, ECG abnormalities

 +\GURFKORURWKLD]LGHPJGD\ $OSKD
PHWK\O'23$±PJWZLFHGD\RU
SURSUDQRORO±PJWZLFHGD\

)DWDO&+'DQ\&+'DQ\
stroke

Median 5.5 years

99% in treatment
arm and 97% in the
control arm

MRC working
party 1992h

7KHDJHVH[UHJLVWHUVRIJURXSSUDFWLFHV
throughout England, Scotland, and Wales
attended by written invitation;men and women
±\HDUVROGZLWK6%3PP+JDQG
'%3PP+J

Subjects with known or suspected secondary hypertension, were
taking antihypertensive drugs or medication for angina pectoris, had
a history of MI, or stroke within the preceding three months; had
impaired renal function; were diabetic; had asthma;
had any serious intercurrent disease, including malignancy known to
EHSUHVHQWDWWKHWLPHRIH[DPLQDWLRQ
RUKDGDVHUXPSRWDVVLXPFRQFHQWUDWLRQRI±PPROORUOHVVRU
!±PPROO

diuretic (amiloride and hydrochlorothiazide):
5 mg amiloride and 50 mg hydlochlorothiazide
OR 2.5 mg amiloride and 25 mg
hydlochlorothiazide

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 5.8 years

73% in treatment
arm and 78% in the
control arm

Staessen 1997i

Patients screened in 198 centers in 23 countries
in western and eastern Europe;>=60 years
ROGZLWKVLWWLQJ6%3IURPWRPP+J
VWDQGLQJ6%3! PP+J'%3PP+J

Secondary systolic hypertension, retinal hemorrhage or
papilloedema, congestive heart failure, dissecting aortic aneurysm,
high serum creatinine, history of nose bleeding, stroke or MI in the
preceding year, dementia, substance abuse, ant severe concomitant
disease

DFWLYHWUHDWPHQWE\QLWUHQGLSLQH PJGD\ LI
necessary combined with or replaced by either
HQDODSULO PJGD\ RUK\GURFKORURWKLD]LGH
PJGD\ RUERWK

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 2 years

92.5% in treatment
arm and 91.7% in
the control arm

/LXj

Patient registration or population screening in 31
V\V&KLQDFHQWHUV3DWLHQWVDWOHDVW\HDUVRI
DJHFRQVHQWLQJWRSDUWLFLSDWHVLWWLQJ6%3
219 mmHg averaged at 6 readings,

6HYHUHFRQFRPLWDQWFDUGLRYDVFXODURUQRQFDUGLRYDVFXODUGLVHDVHV
DQGVHUXPFUHDWLQLQHDERYH>PX@PRO/

1LWUHQGLSLQH ±PJRQFHDGD\RUPJ
twice a day), if not controlled added captopril
DQGRUK\GURFKORURWKLD]LGH PJRUPJ
once or twice a day each)

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 3 years

89.3% in treatment
arm and 90.8% in
the control arm

Patients referring to 116 health centers
throughout Sweden; men and women
±\HDUVRIDJHZLWKWUHDWHG
RUXQWUHDWHGHVVHQWLDOK\SHUWHQVLRQ6%3! 
PP+JDQG'%3! PP+J'%3! 
PP+JLUUHVSHFWLYHRI6%3

6%3EHWZHHQ! PP+*DQGRU'%3! PP+JLVRODWHG
systolic hypertension, orthostatic hypertension, contraindication to
any drug, MI or stroke during the past year, unstable angina requiring
treatment, other illnesses, unwillingness to participate

$WHQRORO PJGD\ K\GURFKORURWKLD]LGH
PJGD\ DPLORULGH PJGD\ PHWRSURORO
PJGD\ RUSLQGRORO PJGD\

Fatal MI, any MI, fatal
stroke, any stroke

Median 2 years

84% in treatment
arm and 77% in the
control arm

Coope 1986l

Persons registered in 13 general practices in
England and Wales invited to attend special
screening clinics run by trial nurses; men and
ZRPHQ±\HDUVROGZLWK6%3! RU'%3
>= 105 mmHg

$WULDO¿EULOODWLRQ$9KHDUWEORFNYHQWULFXODUIDLOXUHEURQFKLDO
DVWKPDGLDEHWHVQHHGLQJWUHDWPHQWRUDQ\OLIHWKUHDWHQLQJFRQGLWLRQ
XQWUHDWHGK\SHUWHQVLRQZLWK6%3!RU'%3!RUWUHDWHG
patients within 3 months

6WHSDWHQROROPJLI%3QRWFRQWUROOHG
VWHSDGGLQJ%HQGURÀXD]LGHPJ,I%3QRW
controlled: step 3: alpha methyl dopa 500 mg

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 4.4 years

Veterans 1970m

Men (veterans) with mild to moderate
K\SHUWHQVLRQDJHG±\HDUVROG'%3
114 mmHg not treated,

Severe hypertension and its complications, surgically curable
hypertension, unrelated fatal diseases, unwillingness to participate

+\GURFKORURWKLD]LGH PJGD\ UHVHUSLQH
PJWZLFHGDLO\ K\GUDOD]LQH PJWKUHHWLPHV
daily)

)DWDO&+'QRQIDWDO&+'
DQ\&+'IDWDOVWURNHQRQ
fatal stroke, any stroke

Median 3.8 years

Medical Research
Council 1988n

Men and women screened in 14 centers; aged 35
WR\HDUVVXVWDLQHG'%3EHWZHHQWR
mmHg,

+LVWRU\RIGH¿QLWH0,GXULQJWKHSDVWPRQWKVDQJLQDVLJQVRI
cardiac failure, ECG abnormality

%HQGURÀXD]LGHRUSURSUDQRORO GRVHQRW
mentioned)

)DWDO&+'QRQIDWDO&+'
DQ\&+'

Median 4.9 years

'DKORI

D
E
c)
G
H
I
J
h)
L
M
N
O
m)
n)

k

84.5% in treatment
arm and 86% in the
control arm

)LYH\HDU¿QGLQJVRIWKHK\SHUWHQVLRQGHWHFWLRQDQGIROORZXSSURJUDP,5HGXFWLRQLQPRUWDOLW\RISHUVRQVZLWKKLJKEORRGSUHVVXUHLQFOXGLQJPLOGK\SHUWHQVLRQ+\SHUWHQVLRQ'HWHFWLRQDQG)ROORZXS3URJUDP&RRSHUDWLYH*URXSJAMA. 1979; 242:±
)LYH\HDU¿QGLQJVRIWKHK\SHUWHQVLRQGHWHFWLRQDQGIROORZXSSURJUDP,,,5HGXFWLRQLQVWURNHLQFLGHQFHDPRQJSHUVRQVZLWKKLJKEORRGSUHVVXUH+\SHUWHQVLRQ'HWHFWLRQDQG)ROORZXS3URJUDP&RRSHUDWLYH*URXSJAMA. 1982; 247:±
Prevention of stroke by antihypertensive drug treatment in older persons with isolated systolic hypertension. Final results of the Systolic Hypertension in the Elderly Program (SHEP). SHEP Cooperative Research Group. JAMA. 1991; 265:±
3HUU\+0-U6PLWK:00F'RQDOG5+%ODFN'&XWOHU-$)XUEHUJ&'HWDO0RUELGLW\DQGPRUWDOLW\LQWKH6\VWROLF+\SHUWHQVLRQLQWKH(OGHUO\3URJUDP 6+(3 SLORWVWXG\Stroke. 1989; 20:±
$PHU\$%LUNHQKDJHU:%UL[NR3%XOSLWW&&OHPHQW''HUX\WWHUH0HWDO0RUWDOLW\DQGPRUELGLW\UHVXOWVIURPWKH(XURSHDQ:RUNLQJ3DUW\RQ+LJK%ORRG3UHVVXUHLQWKH(OGHUO\WULDOLancet. 1985; 1:
7KH$XVWUDOLDQWKHUDSHXWLFWULDOLQPLOGK\SHUWHQVLRQ5HSRUWE\WKH0DQDJHPHQW&RPPLWWHHLancet. 1980; 1:±
+HOJHODQG$7UHDWPHQWRIPLOGK\SHUWHQVLRQD¿YH\HDUFRQWUROOHGGUXJWULDO7KH2VORVWXG\Am J Med. 1980; 69:±
Medical Research Council trial of treatment of hypertension in older adults: principal results. MRC Working Party. BMJ. 1992; 304:±
6WDHVVHQ-$)DJDUG57KLMV/&HOLV+$UDELG]H**%LUNHQKDJHU:+HWDO5DQGRPLVHGGRXEOHEOLQGFRPSDULVRQRISODFHERDQGDFWLYHWUHDWPHQWIRUROGHUSDWLHQWVZLWKLVRODWHGV\VWROLFK\SHUWHQVLRQ7KH6\VWROLF+\SHUWHQVLRQLQ(XURSH 6\VW(XU 7ULDO,QYHVWLJDWRUVLancet. 1997; 350:±
/LX/:DQJ-**RQJ//LX*6WDHVVHQ-$&RPSDULVRQRIDFWLYHWUHDWPHQWDQGSODFHERLQROGHU&KLQHVHSDWLHQWVZLWKLVRODWHGV\VWROLFK\SHUWHQVLRQ6\VWROLF+\SHUWHQVLRQLQ&KLQD 6\VW&KLQD &ROODERUDWLYH*URXSJ Hypertens. 1998; 16:±
'DKORI%/LQGKROP/++DQVVRQ/6FKHUVWHQ%(NERP7:HVWHU320RUELGLW\DQGPRUWDOLW\LQWKH6ZHGLVK7ULDOLQ2OG3DWLHQWVZLWK+\SHUWHQVLRQ 6723+\SHUWHQVLRQ Lancet. 1991; 338:±
&RRSH-:DUUHQGHU765DQGRPLVHGWULDORIWUHDWPHQWRIK\SHUWHQVLRQLQHOGHUO\SDWLHQWVLQSULPDU\FDUHBr Med J (Clin Res Ed). 1986; 293:±
Effects of treatment on morbidity in hypertension. II. Results in patients with diastolic blood pressure averaging 90 through 114 mm Hg. JAMA. 1970; 213:±
Coronary heart disease in the Medical Research Council trial of treatment of mild hypertension. Medical Research Council Working Party on Mild Hypertension. Br Heart J. 1988; 59:±
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